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ABSTRACT

Much o f  the  t im e  in Tens design is spent on f i n d i n g  a s t a r t i n g  

des ign s a t i s f y i n g  the  design requ irements  c l o s e l y  enough to  he in pu t  

i n t o  a computer m in im iz a t io n  program'.. In t h i s  th e s is  an i n t e r a c t i v e  

program to  shor ten t h i s  amount o f  t im e in the design o f  two m i r r o r  

te lescope  O b jec t ives  is  desc r ibed .



CHAPTER 1

INTRODUCTION

The purpose o f  the i n t e r a c t i v e  program descr ibed  in  t h i s  paper 

is to  a id  in the design o f  two-mi r r o f  systems by q u i c k l y  f i n d i n g  a 

use fu l  se t  o f  s t a r t i n g  parameters to  be used In a more s o p h is t i c a t e d  

des ign program.

Since the program is to  a id  in f i n d i n g  a s u i t a b l e  se t  o f  

s t a r t i n g  parameters,  a maximum amount o f  communication between the user  

and the  computer is des i re d .  Th is  amount o f  communication o r  i n t e r a c ­

t i o n  re q u i re s  the use o f  a c o n v e rs a t io n a l  programming language t h a t  is  

r e a d i l y  a v a i l a b l e  t o  the la rg e s t  number o f  users ,  s im p le  t o  use, and 

easy t o  le a rn .  For these reasons the BAS IC conversa t  iona l  language was 

used in  the program. BASIC is  one o f  the most u n iv e r s a l  languages and 

i t s  smal l number o f  c l e a r  commands can be q u i c k l y  learned.

With an i n i t i a l  se t  o f  s t a r t i n g  parameters [ a p e r tu r e  h e ig h t ,  

image h e ig h t ,  e f f e c t i v e  foc a l  l e n g th ,  m a g n i f i c a t io n  o f  secondary (M) , 

and the r a t i o  o f  the  m i r r o r  s e pa ra t ion  to  the back fo c a l  d is tance  ( l ) ] 

the program c a l c u la te s  a l l  the f i r s t - o r d e r  p r o p e r t i e s  in a d d i t i o n  to  

the Petzval  rad iu s .  I f  the  Petzval  rad ius  is  too s m a l l ,  the  program 

in d ic a te s  which s t a r t i n g  parameters must be changed to  increase i t .

When the des i red  Petzval  rad ius  is o b ta in e d ,  the program g ives  a 

p a ra x ia l  ray t ra c e  and l i s t s  the f i v e  Se ide l  a b e r r a t i o n  va lues f o r  two



sph e r ic a l  m i r r o r s .  Then k s e r ie s  o f  ques t ions  are asked to  de termine 

the Se ide l  a b e r ra t io n s  t h a t  a re  to  be minimized and what i f  any c o n d i ­

t i o n s  are se t  on the va lues  f o r  the a sph e r ic  c ons tan ts .  With t h i s  

in fo rm a t io n  the  a p p ro p r i a te  asphe r ic  cons tan ts  and new Seide l  abe r ra ­

t i o n s  are c a l c u la te d .  I f  a d i f f e r e n t  combinat ion o f  a b e r r a t io n s  is now 

des i red  to  be m in im ized ,  the program repea ts  the ques t ions  and c a l c u l a ­

t i o n s  u n t i l  i t  has the  combinat ion the des igne r  w a n ts . With t h i s  

comb ina t ion ,  the  asphe r ic  depths o f  the  m i r r o r s ,  the t o t a l  su r face  

depths o f  the  m i r r o r s ,  the v e r te x  th ickne ss  o f  each m i r r o r ,  the in s id e  

rad ius  o f  the p r im a ry ,  the cen te r  o f  mass o f  the system, the t o t a l  

we igh t  o f  the  system, and the  moment o f  i n e r t i a  o f  the system are 

c a l c u la te d .  Then i f  the  des igne r  wants,  the  system is in p u t  t o  the 

ACCOS 5 program.

Th is  program is l i m i t e d  to  a des ign having the  s top a t  the p r i ­

mary m i r r o r  and an o b je c t  w i t h  i n f i n i t e  con juga tes .  Only t h i r d - o r d e r  

Seide l  a b e r r a t io n s  are c a l c u la te d  and once the Petzval  rad iu s  is  

chosen, o n ly  the asphe r ic  cons tan ts  o f  the  m i r r o r s  are  a l lowed to  v a ry .  

With these two v a r i a b le s  the program w i l l  f i n d  exact  s o l u t i o n s  f o r  ST 

and S2, SI and S3, o r  SI and S5 each equal  to  zero.  I f  t h ree  o r  more 

a b e r ra t io n s  are des i red  to  be e x a c t l y  ze ro ,  a change in  the s t a r t i n g  

parameters may be re q u i re d .  To f i n d  t h i s  r i g h t  combinat ion  o f  s t a r t i n g  

parameters ( s p e c i f i c a l l y  H and L) the  most i n c lu s i v e  re fe rence  is the 

two-page survey by Shack (1969).  Note t h a t  the L parameter used in 

t h i s  program is the in ve rse  o f  the one used in the survey  (L -  1 / L 1) .



When l i s t i n g  the f i r s t - o r d e r  p r o p e r t i e s  o f  the system, the pro­

gram l i s t s  the rad ius  o f  the secondary.  Th is  rad ius  is im por tan t  and 

must be c lo s e l y  observed by the des igne r  because the program does no t  

g ive  any i n d i c a t i o n  when the o b s t r u c t i o n  is  too  la rg e .  To c a l c u la te  

the rad ius  o f  the o b s t r u c t i o n  the f o l l o w i n g  equat ion  was used:

R = |y |  + | y | , where y is the  marg ina l  ray h e igh t  a t  the  secondary

m i r r o r ,  and y is  the c h i e f  ray h e ig h t  a t  the secondary m i r r o r .  When 

the rad ius  o f  the secondary becomes l a r g e r  than the rad ius  o f  the p r i ­

mary, the system may s t i l l  be usab le  as w i l l  be noted in the f o l l o w i n g

chap te r .  An i n fo r m a t i v e  p l o t  o f  the o b s t r u c t i o n  r a t i o  (R/H) where H is

the rad ius  o f  the en t rance  a p e r tu re  is conta ined in Chapter 5.



CHAPTER 2

FIRST-ORDER PROPERTIES OF TWO-MIRROR SYSTEMS

Des ign Parameters 

To d e f in e  the o p t i c a l  c o n f i g u r a t i o n  com p le te ly  f i v e  design 

parameters are needed. The cho ice o f  the  f i v e  parameters depends on 

the u s e r ' s  I n t e r e s t s ,  o r  which parameters the user is  most f a m i l i a r  

w i t h ,  o r  which ones the  user is most concerned about obse rv ing .  The 

cho ice  o f  parameters (M and L) in t h i s  program are ve ry  s i m i l a r  to  

those chosen by Shack (1969)• Another  p o s s ib le  cho ice  cou ld  have been 

those used by W e th e re l1 and Rimmer (1972, p. 2818) . T h e i r  cho ice a l s o  

inc ludes M ( m a g n i f i c a t i o n  o f  secondary) bu t  then uses a normal ized 

v e r te x  back focus ( 3) ,  which is the  d i s ta n c e  from the v e r te x  o f  the 

p r im ary  m i r r o r  to  the p r i n c i p l e  fo c a l  p o i n t  d i v id e d  by the fo c a l  leng th  

o f  the p r im ary  m i r r o r .  T h e i r  parameter 3 and the parameter L used by 

t h i s  program are re la te d  by the f o l l o w i n g  equa t ion :  3 = M ( l - L ) / ( l + M L ) .

The des ign parameters used in the program are the bas ic  t h re e :  

a pe r tu re  h e igh t  (H),  Image h e igh t  (D) ,  and e f f e c t i v e  fo c a l  length  ( F ) ; 

In a d d i t i o n  to  the two, the m a g n i f i c a t i o n  o f  the secondary m i r r o r  

(M -  F/F1 , where FT is  the  foc a l  le ng th  o f  the p r im a r y ) ,  and the r a t i o  

o f  the m i r r o r  sepa ra t ion  to  the image d is tan c e  from the secondary ( l ) .

The a p e r tu re  stop is  loca ted  a t  the pr im ary  m i r r o r  f o r  a l l  the 

cases cons idered .  An image h e igh t  (D) is used ins tead o f  the h a l f

4
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f i e l d  ang le  but is equal to  -F9 where 9 is  the h a l f  f i e l d  ang le .  Note 

t h a t  i f  M is g re a te r  than zero ,  the system is o f  the Cassegrain type 

in F ig .  1; i f  M is  less than zero and F is g re a te r  than zero ,  the 

system is  o f  the in ve rse  Cassegrain type in F i g . 2; and, i f  M is less 

than zero and F is  less than zero ,  then the system is o f  the Gregor ian 

type in F ig .  3. A lso  i f  L is less than zero then the image is v i r ­

t u a l ,  and i f  L is g re a te r  than zero  then the image is  r e a l .

The sign conven t ion  is s tandard :  a d is tance  to  the r i g h t

o f  a re fe rence  p o in t  i s  p o s i t i v e ,  and a d is tan ce  to  the l e f t  is 

negat ive .

Pr imary

P r in c ip a l
Focus

Secondary

S

L = S/B

Fig .  1. Cassegra in .



Secondary

Primary

F i g . 2. Inverse Cassegra in .

P r i mary

Secondary

i
i

Fig.  3* Gregor ian.



y -  y Diagram

In F ig .  4 the equa t ion  f o r  the l i n e  from p o in t  1 to  p o in t  2 is

Dy + HMy = HD, ( l )

and the equat ion  f o r  the l i n e  f rom p o in t  0 to p o in t  2 is

DLy -  Hy = 0. (2)

So lv ing  Eqs. (1) and (2) f o r  the ( y ,y )  values f o r  p o in t  2 we

get

y = H/(1 + ML), y = LD/(1 + ML). (3)

Note t h a t  the en t rance  p u p i l  is a t  su r face  (1) and the e x i t  

p u p i1 is  a t  E1.

(H,DL)(H,0)

( o , d/ m)

(0,D)

F ig .  4. y - y Diagram.



Using these va lues  f o r  ( y ,y )  a t  p o i n t  2, and the va lues (H,0) 

f o r  p o i n t  1 , and (0 ,D) f o r  p o i n t  3 , and the f o l l o w i n g  equat ions f rom 

Shack (1973, pp. 127, 136) :

T = W
y y

y y

w w

w' w'
T -  t / n

w = y /T ,  w = y /T ,  w = nu, w = nu

c = -<f>/2n, 9 = n /F ,

where W = Lagrange i n v a r i a n t  -  HD/F and the f o l l o w i n g  t a b l e  is

in as f o l l o w s .

(4)

f i l l e d
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Table 1. F i r s t - o r d e r  P r o p e r t i e s .

Surface 0 i 2 3 E1

Index (n) 1 1 -1 1 1

,y 0 H H 0 H
1+ML 1 - ( 1-M)L

y
- 0 ( 1010) 

F 0 LD
1+ML D 0

T TO10 IF F
1+ML 1+ML

w 0 -HM
F

-H
F

w
D
F

0
F

P(1+ML-L)
F

; ■
M
F

(T-M)(1+ML) 
F

t o o - I F  
. 1+ML

F
1+ML

c -M
2F

(1- M ) (1+ML) 
2F



CHAPTER 3

SEIDEL ABERRATIONS OF TWO-MIRROR SYSTEMS
-\

General Comes

The s a g i t t a  o f  an a sph e r ic  su r fa c e  from a plane tangent  t o  i t s  

v e r te x  as a f u n c t i o n  o f  the r a d ia l  d is ta n c e  r f rom the  o p t i c a l  ax is  is  

g iven by:

z ( r )  = c r 2/ ^ l  + ^1 -  (K+1) c2 r 2

where K is the con ic  cons tan t  o f  the s u r fa c e ,  and c is  the  v e r te x  

c u rv a tu re  o f  the su r fa c e .  A l i s t  o f  c on ic  sur faces  f o r  v a r iou s  va lues 

of. K i s :  .

K < -1 Hyperbo lo id

K = -1 Parabola

K > -1 P r o la te  e l l i p s o i d

K 0 Sphere

K > 0 Obi a te  el  1 ip s o id .

I f  c = 0, the su r fa ce  can s t i l l  be aspher ic  and the sag is then 

given by z ( r )  = d r 2 , where d is the a sph e r ic  c o n s t a n t . .

10
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A b e r ra t io n s  as Funct ions o f  Conic Constants .

Using the equa t ions  g iven by Wei f o rd  (1974, p. 196) f o r  the 

Seide l  a b e r r a t io n s  o f  a t h i n  lens w i t h  a remote s to p ,  w i t h  the f o l l o w ­

ing s u b s t i t u t i o n s :  n -  - 1 ,  <f> = K ( the  power o f  the s u r f a c e ) ,  B = 1

( the  shape f a c t o r  o f  the  l e n s ) , Q. -  HE -  y / y  ( the  s top p o s i t i o n  f a c t o r ) ,  

W = H ( the  Lagrange i n v a r i a n t ) ,  y = h (marg inal  ray h e ig h t  a t  the 

s u r f a c e ) , and y = h ( c h i e f  ray h e ig h t  a t  the s u r f a c e ) ,  we o b ta in  the 

equat ions f o r  the Seide l  a b e r r a t io n s  o f  a m i r r o r  w i t h  a remote s top :

si =
4n ^ o

52 = X2, ^ W C  + a s ]
2n ^

o

53 ,  f

v  . V

s4 =

S5 = 2,-A  w,2 * + y2 *2 w c + q3 s ] ^

. o o

where: C = L "̂ i  ( the  con juga te  f a c t o r ) .

. The e f f e c t  o f  a sph e r ic  su r faces  on the Seide l  a b e r ra t io n s  

can be c a l c u la te d  by:



12

AS I ~ 3

AS2 = a Q

AS3 = a Q2 (7)

AS4 = 0

AS5 = a Q3 ,

where : '  a = K c 3 y** A(n) f o r  a con ic  w i t h  the  con ic  cons tan t  K, o r

a = 8 d y4 A(n) f o r  a plane w i t h  the  asp h e r ic  cons tan t  d,

A(n) = n '  -  n, o r  -2 f o r  the p r im ary  m i r r o r ,  and 2 f o r  

secondary m i r r o r .

From Table 1 we can o b ta in  the  f o l l o w i n g  va lues f o r  the

pr im ary  m i r r o r :  Q, = 0, <j> -  M/F, C -  - 1 ,  n^ = 1, and a = M'3 A 4 / (4 F 3)

where: A4 =? K [ the  con ic  cons tan t  in Eq. (5 )~ J  • S u b s t i t u t i n g  these

va lues  i n t o  Eqs. (6 ) and Eqs. (7) and then combining the two sets  we

o b ta in  the  Seide l  a b e r r a t io n s  f o r  the  p r im ary :

s]  = M3(1 + A4)
4F3

52 = ~ h2 W m2
2F2

53 = ( 8)

54 =

S5 = o.

From Tab le 1 we can a l s o  o b t a i n  the  f o l l o w in g  va lues f o r  the 

secondary m i r r o r :  Q = W L F/H2 , ({) = *'■■■ , nQ = -  1 ,
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M+l H1* (1 -M) 3 A3

C = 9 and a = ( |+hL) 9 where: A3 = K ( the  con ic  cons tan t

in Eq. (5) f o r  the secondary c o n i c ) .  S u b s t i t u t i n g  these values in t o

Eqs. (6) and (7) and combining the two se ts  we o b ta in  the  Seidel

a b e r ra t io n s  f o r  the secondary:

S'  -  S i ^ , ( S t ^ A3)

a  ■ ^  ( " 2 - M ? ) ( W ) t e r £ + ' «

S3 = ^  ( ( ! - «  ( ' « ■ - )  +  l ( m2 - i ) +  ( ^ ) 2 A3j

Sk = ~ W2 (1 -M)(1+ML)

S5 = -  ( j ) 2 (1-M)(3-M) + ( j ) 3

+ * 3 ) )  • O )

To get  the  Se ide l  a b e r r a t io n s  f o r  the two m i r r o r  system we 

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

51 *  w

S3 -  f

( M3 ( m 4 ) + + A 3 ) )

( - ' 4 ( 4 # ) ( m  + 4 )

( ;  -  ; i - n ) l  " ( y )  +  a s ) )

S4. =  y -  -  1 -  M L ( l - M )  ( i o )

S5 = -  ( i f  (1-M) (3-M) + ( k ^ / ( l - M ) 3

(

(

W T W  + A3

H 2 \  x y \2J v ' , , /  w  JV \ 2/  V 1+ M L  

( 1> M )  2



I f  the c u rv a tu re  o f  the secondary is zero then the new A3 -  0 , 

and we have a new se t  o f  Se ide l  a b e r r a t io n s  us ing Eq. (7) g iven by:

S2*  -  S2 + D -k
H (1+ML) 4

S3.  -  S3 +

S4« -  s 4

5 5 *  ,  S5 +  1:6 H- A9„
H )  (1+ML) 4 '

where A9 = d ( the  asphe r ic  cons tan t  o f  the  secondary) ,  and S' 

S3, S4, and S'5 are g iven in Eq. (1) w i t h  A3 = 0.

( 1 1 )

, S2,



CHAPTER 4

INTERACTIVE PROGRAM

Min im iza t iO n  Method

In choosing a m in im iz a t io n  method f o r  a computer o p t im iz a t i o n  

program in lens design an e x c e l l e n t  re fe rence  is Jamieson (1971) who 

presents  a number o f  techn iques .  But t h i s  program's aim is  t h a t  o f  

o b ta in in g  a useable se t  o f  s t a r t i n g  parameters f o r  inpu t  i n t o  a more 

d e t a i l e d  o p t im i z a t i o n  program, so one o f  the  s im p le s t  methods was 

chosen. Another  reason f o r  choosing the  f o l l o w i n g  method is t h a t  once 

the Petzval  rad ius  is chosen by the  use r ,  the  o n ly  v a r i a b le s  a l lowed 

to  vary  are the asphe r ic  cons tan ts  o f  the two m i r r o r s . In o th e r  words , 

we o n ly  have two v a r ia b le s  which behave in a l i n e a r  f a s h io n .

Looking a t  Eqs. (10) and (11) we see t h a t  th e re  are  on ly  two 

v a r ia b le s  in SI and o n ly  one v a r i a b l e  f o r  S2, S3, S5- These v a r i a b le s  

are the  A3 and A4 (con ic  c o n s t a n t s ) , o r  A9 and A4 when A3 = 0 . Thus 

f o r  any g iven set  o f  parameters : S2 , S3, and S5 are 1 1 near f u n c t io n s  

o f  A3 (o r  A 9 ) , and SI is a 1 inear  f u n c t  ion o f  A4 and A3. There fore  

we can f i n d  va lues  f o r  A3 and A4 such t h a t  SI and any o th e r  Seidel 

a b e r r a t i o n  (except S4) w i l l  be e x a c t l y  zero f o r  a g iven  se t  o f  

parameters .

The method used is  t h a t  o f  f i n d i n g  the s lope o f  the  a b e r ra ­

t i o n  t h a t  is a f u n c t i o n  o f  A3 a lone ,  c a l c u l a t i n g  i t s  i n t e r s e c t i o n

,5



w i th  S(A3) = 0; using t h i s  va lue  o f  A3 as a cons tan t  in the equat ion  

f o r  S I ,  and repea t ing  the procedure f o r  the va lue o f  Ah where SI = 0.

To c a l c u l a t e  the i n t e r s e c t i o n  o f  the l i n e a r  f u n c t i o n  o f  A 

w i t h  the S(A) = 0,  the f o l l o w i n g  is done ( r e f e r  to  F ig .  5) •  For a r b i t ­

ra ry  values o f  A (say A1, A2) we c a l c u l a t e  S(A1) and S (A 2 ) . We then 

equate the s lopes o f  the l i n e  through A1, A2, A3: where S(A3) = 0:

-S(A1) _ S(A1) -  S(A2) and s o l v in g  f o r  A3:
A3 -  A1 A1 -  A2

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

In the program A1 is a r b i t r a r l y  set  a t  0.5  and A2 a t  1.0.

S

F ig .  5• M in im iz a t io n  Method.
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I f  m o r e  t h a n  o n e  o f  t h e  a b e r r a t i o n s  w h i c h  a r e  a  f u n c t i o n  o f  A 3  

a l o n e  a r e  t o  b e  m i n i m i z e d ,  t h e  a b e r r a t i o n s  a r e  a d d e d  t o g e t h e r  a n d  t h e i r  

s u m ( w h i c h  i s  a l s o  l i n e a r  w i t h  A 3 )  i s  m i n i m i z e d  b y  t h e  s a m e  s l o p e  m e t h o d  

A s  a d e m o n s t r a t i o n  o f  t h i s ,  a  p l o t  o f  t h e  a b e r r a t i o n s  ( S 2 ,  S 3 ,  a n d  S 5 )  

f o r  t h e  s a m p l e  r u n  w i t h  M =  3 ,  L =  0 . 8  i s  g i v e n  i n  F i g .  6 .

E
u

J-I
o

OJuu
<u
-Q<

cu
V)

(S2)
( S 3 )

12

8

4

0

( S 5 )4

8

12

8  ~ 6  ~ 4  - 2 0  2  4  6  8
A s p h e r i c  C o n s t a n t  ( A 3 )

Fig .  6. Behavior o f  A b e r ra t io n s  f o r  Sample Design Run.



From the p l o t  we see t h a t  the  s lope o f  S2 is  the  s teepes t ,  and 

thus when we want i t  m inimized along w i t h  S3 o r  55, the  minimum va lue  

o f  t h e i r  sum w i l l  be g iven by an A3 ve ry  c lose  to  the  va lue  o f  A3 f o r  

minimi mum S2 a lone .  We can a ls o  see t h a t  f o r  the combinat ion  o f  S3 and 

S5 min imized,  the  va lue  f o r  $2 w i l l  be la rg e .

Poss ib le  Combinat ions Minimized 

The p o s s ib le  combinat ions o f  Seide l  a b e r r a t io n s  minimized w i t h  

a l i s t  o f  p o s s ib le  con ics  is shown in Table 2.

Table 2. Poss ib le  Combinat ions M in imized.

A b e r ra t io n s
Para bo 11 c 

Pr imary
Spher ica l

Pr imary
Aspher ic  Pr imary 

and Secondary

S I * X X

S2 X X

S3 X X

S5 X X

SI,  S2 X X X

SI ,  S3 X X X

SI ,  S5 X X X

S2+S3 X X

S2fS5 X X

S3+S5 X X

SI ,  S2+S3 X X X

SI,  S2+S5 X X X

SI ,  S3+S5 X X X

S2+S3+S5 X X

SI ,  S2+S3+S5 X X X

*For  SI ano the r  p o s s ib le  combinat ion is a sphe r ica l  secondary.
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Samp 1e Des i gn Run 

Randomly p i c k in g  an example which may be u s e f u l , the  f o l l o w i n g  

parameters were chosen. To design a one meter a p e r t u r e ,  F /1 0 , 10 cm 

rad ius  f i e l d ,  w i t h  secondary m i r r o r  m a g n i f i c a t io n  between 3 and 5 , 

and a r a t i o  L f rom 0 .8  to  1.0 the  f o l l o w i n g  run was used (F ig .  7) :

1. One a t  a t ime the program asks f o r  the  a p e r tu re  h e ig h t ,

image h e ig h t ,  foca l  l e n g th ,  m a g n i f i c a t i o n  o f  secondary,  and Li The 

u n i t s  used on t h i s  run are c e n t im e te r s .

2.  The program l i s t s  the  s t a r t i n g  parameters , the  f i r s t  o rd e r  

p r o p e r t i e s ,  the  rad ius  o f  the  secondary,  and the  Petzval  ra d iu s .

3. We decide the Petzval  rad ius  is  too sm a l l ,  the  program s ta te s  

which parameters to  change, and asks t h e i r  new va lues .  We change L 

f rom 1.0 to  0 . 8 .

4.  The program repeats  p a r t  2 f o r  the new L.

5. We again dec ide the  Petzval  rad ius  is too s m a l l ,  and t h i s

t ime change M from 5 to  3, and L back t o  1.0 .

6 . Th is  Petzval  rad ius  is more reasonable so the program l i s t s  

the p a ra x ia l  ray t r a c e ,  and the  Seide l  a b e r ra t io n s  f o r  s phe r ic a l  

s u r f a c e s .

7. We want two a sph e r ic  su r faces  and S i ,  S2, and S3 min im ized,  

so the  program l i s t s  the  asphe r ic  cons tan ts  and the new se t  o f  a b e r ra ­

t i o n s . '

8 . We t r y  d i f f e r e n t  combinat ions and observe t h a t  the  combinat ion 

* *  (two aspher ics  and minimum SI and S2) looks bes t .
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RUN

CASEGR.46 1 0 : 3 7 2 9 - J U L - 7 6

(1 )

( 2 )

7ME UNITS ON THE FOLLOWING CALCULATED VALUES WILL BE THE SAME AS THE 
UNITS ON YOUR INPUT VALUES 

WHAT IS THE APERTURE HEIGHT?
?50

WHAT IS  THE IMAGE HEIGHT?
? 10

WHAT IS THE FOCAL LENGTH?
71000

WHAT IS  THE MAGNIFICATION OF THE SECONDARY ?
75

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

L?1
V, F M L D

50 1000 5 1 10
1ST POWER 

0. 605 
CURVATURE 1 
-0 .  8025

1000 
2ND POWER 
*?0. 024  
CURVATURE 
~  0 . 012

B FOCAL DIST  
166. 667  

SECONDARY F# 
2. 4995

(3)

(U)

(5)

SEPARATION 
1 6 6 . 6 6 7  

PRIMARY F*
2

RADIUS OF SECONDARY 
8. 335

S4 PETZVAL RADIUS .
- 0 . 0 0 4 7 5  - 5 2 . 6 3 1 6

pi 5*. THE PETZVAL RADIUS TOO SMALL ?
?YES.

70 INCREASE PETZVAL RADIUS: INCREASE FOCAL LENGTH, DECREASE THE MAGNIFIC 
A7 ION OF THE SECONDARY, OR DECREASE L 
WHAT IS THE FOCAL LENGTH?

71000
WHAT IS  THE MAGNIFICATION OF THE SECONDARY ?

75
WHAT IS THE RATIO OF THE MIRROR SEPARATION TO THE IMAGE DISTANCE 

FROM THE SECONDARY 
. 7 . 8
H F M L D

50 1000 5 0 . 8  10
1 S T • POWER 2ND POWER SEPARATION

0. 005 -O. 02 160
CURVATURE 1 CURVATURE 2 PRIMARY F#
-0 .  0025 -8 .  S I  2
RADIUS OF SECONDARY 

1 0 . 0 0 1 3
54 PETZVAL RADIUS

L 0. 00375 -6 6 .  6667
‘IS THE PETZVAL RADIUS TOO SMALL ?

7YES
70 INCREASE PETZVAL RADIUS: INCREASE FOCAL LENGTH, DECREASE THE MAGNIFIC 
RTION OF THE SECONDARY, OR DECREASE L 
WHAT IS THE FOCAL LENGTH?

71000
WHAT IS  THE MAGNIFICATION OF THE SECONDARY ?
73

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

L?1

0. 8
8 FOCAL DIST  

200
SECONDARY F# 

2. 49968

F ig .  7. Sample Design Run



21

n
50

1ST POWER 
0. 003 

CURVATURE 1 
-0 .  0015

(6)

1000 
2ND POWER 
-0. 008 
CURVATURE 2 
-0 .  004

ft
3

SEPARATION 
250  

PRIMARY F#
3. 33333

18
B FOCAL DIST  

250
SECONDARY F#

4. 999
RADIUS OF SECONDARY 

12. 5025
54 PETZVAL RADIUS

0. 00125  - 2 0 0
IS THE PETZVAL RADIUS TOO SMALL ?  
?NO

CURVATURE 
0 
0

- 0 . 0 0 1 5  
- 0 . 0 0 4

SURF
0
1
2
3
4

SURF
8
1
2
3
4
5

AXIAL V 
0
50.
50.
12. 5
7. 8 3 3 3 5 E-S 
7 . 0 3 3 3 5 E -6

INDEX
1
1

^1
1
1

AXIAL U 
5. 8 0 8 8 8 E - 9  
5 . 0 8 8 0 8 E - 9  
0. 15 

-5 .  0 0 8 0 0 E -2  
-5 .  8 0 0 8 8 E- 2  
-5 .  0 8 0 0 0 E- 2

THICKNESS
1. 08088E+10  
0

- 2 5 0
258
0

CHIEF Y 
-1 0 0 0 0 0 0 8 0  

0 
' 0

2. 5 
10 .
10

CHIEF U 
0. 01 
0. 01 

-0. 01 
0. 03 
0. 03 
0. 03

(7 )

(8)

HIE SEIDEL ABERRATIONS FOR BOTH SURFACES SPHERICAL ARE 
SI  52 S3 S4 55
- 2. 9 6 8 7 5 E - 2  - 8 . 603125 0. 00025  0 . 0 0 1 2 5  - 0 .

r-HOH MANY ABERRATIONS MINIMIZED : S I ,  S2, S3, 55 
?3

WHICH THREE ABERRATIONS MINIMIZED ?. DENOTE S1+S2+S3 BY 1,
S1+S2+S5 BY 2, 52+5 3+ 55  BY 3, 5 1 + 53+ 55  BY 4 

?1
DO YOU WANT THE PRIMARY PARABOLIC ?

?NO
CAN BOTH SURFACES BE ASPHERIC ?

?YES
SEIDEL ABERRATIONS FOR TWO ASPHERICS AND MIN S1+S2+S3 ARE
CONIC CON. 1 CONIC CON. 2 ASPHERIC CON. 2
- 8 . 9 8 7 6 5 4  - 3 .  83333  0
SI  52 S3 54 55
L-l. 862636-9 -7. 2 9 1 6 7 E -4  7. 291676-4 0. 00125 - 2 .  041676-4
pOO YOU WANT A DIFFERENT COMBINATION OF ABERRATIONS MINIMIZED ?

?YES
HOW MANY ABERRATIONS MINIMIZED : S I , S 2 , S 3 , S5 

?2
WHICH TWO MINIMIZED? DENOTE 51+5 2  BY 1, 5 1 + 5 3  BY 2, 51+55  BY 3
S2+53 BY 4, 52+55  BY 5, 5 3 + 5 5 -BY 6 
?1

DO YOU WANT THE PRIMARY PARABOLIC ?
?YES

SEIDEL ABERRATIONS FOR A PARABOLIC PRIMARY AND MIN S1+S2 ARE 
(COMIC CON. 1 CONIC CON. 2 ASPHERIC CON. 2 

- 1  - 4 .  16667  8
51 52 S3 54 55
5. 208336-4 - 5 .  2 6 8 3 3 E -4  7. 706336-4 0 . 0 0 1 2 5  -1. 958336-4

DO YOU WANT A DIFFERENT COMBINATION OF ABERRATIONS MINIMIZED ?
?YES

HOW MANY ABERRATIONS MINIMIZED : S I , 5 2 , 5 3 # 5 5
?2  .

WHICH TWO MINIMIZED? DENOTE S1+S2 BY 1, S1+S3 BY 2, S1+S5 BY 3
S2+S3 BY 4, S2+S5 BY 5, S3+S5 BY 6 
?1

F ig .  7- Sample Design Run, C o n t in u e d .
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DO YOU WANT THE PRIMARY PARABOLIC ? 22
?NG

CAN BOTH SURFACES BE ASPHERIC ?
?YES

SEIDEL ABERRATIONS FOR TWO ASPHERICS AND MIN S1+S2 ARE
CONIC CON. 1 CONIC CON. 2 ASPHERIC CON. 2
-1 .  07407 -5 .  0
S I  S2 S3 54 55
- i .  8 6 2 6 5 E -9  -2 .  3 2 8 3 1 E -1 0  S. 75 0 0 0 E -4  0. 00125 -1 .  7 50 00E -4
DO YOU WANT A DIFFERENT COMBINATION OF ABERRATIONS MINIMIZED ?

?YES
HOW MANY ABERRATIONS MINIMIZED : S i , 5 2 , S 3 , S5 

?2
WHICH TWO MINIMIZED? DENOTE S I +52 BY 1, 51+53 BY 2, S1+S5 BY 3
52+53 BY 4, 52+55 BY 5, S3+S5 BY 6

?1
DO YOU WANT THE PRIMARY PARABOLIC ?

? NO
CAN BOTH SURFACES BE ASPHERIC ?

?NO
sr. I DEL ABERRATIONS FOR SPHERICAL PRIMARY AND MIN S1+S2 ARE 

{ CONIC CON. 1 CONIC CON, 2 ASPHERIC CON. 2 
| 0 7. 08333  0
I 51 52 S3 54 55
I 7. 5 5 2 0 8 E -3  -7 .  5 5 2 0 8 E - 3  -6 .  3 5 4 1 7 E -4  8. 00125 - 4 .  778 8 3 E -4
\ DO YOU WANT A DIFFERENT COMBINATION OF ABERRATIONS MINIMIZED ?
I ?YES
\ HOW MANY ABERRATIONS MINIMIZED : S i ,  S 2 , S 3 , S5 

1
?WHICH ONE MINIMIZED ? DENOTE 51 BY 1, 52 BY 2, S3 BY 3 , 5 5  BY 5 
?1

DO YOU WANT THE PRIMARY PARABOLIC ?
?YES

SEIDEL ABERRATIONS FOR A PARABOLIC PRIMARY AND MIN 51 ARE 
CONIC CON: 1 CONIC CON. 2 ASPHERIC CON. 2 
- I  -4 .  0
51 52 S3 54 55

€.  9 8 4 9 2 E -1 0  - 6  2 5 0 0 0 E -4  7 . 5 0 0 0 0 E - 4  0 . 0 0 1 2 5  - 2 .  000 00E-4
DO YOU WANT A DIFFERENT COMBINATION OF ABERRATIONS MINIMIZED ?

?YES
HOW MANY ABERRATIONS MINIMIZED : 5 1 , 5 2 , S 3 , 5 5

S ? i
I WHICH ONE MINIMIZED ? DENOTE 51 BY 1, 52 BY 2 , S 3  BY 3 , 5 5  BY 5
\ ?1
{ DO YOU WANT THE PRIMARY PARABOLIC ?
| ?NO
v DENOTE WHICH SURFACE ASPHERIC: PRIMARY BY 1, SECONDARY BY 2
j ?2
IS F iD E L  ABERRATIONS FOR A SPHERICAL PRIMARY AND MIN 51 ARE 
ICONIC CON. 1 CONIC CON. 2 ASPHERIC CON. 2

0 9. 5 0
Si  52 S3 54 55

2. 5611 4 E -9  -9 .  0 6 2 5 0 E -3  -9 .  3 7 5 0 0 E - 4  0. 00125  - 5 .  3 7 500 E -4
DO YOU WANT A DIFFERENT COMBINATION OF ABERRATIONS MINIMIZED ?

?YES
HOW MANY ABERRATIONS MINIMIZED :51 ,  5 2 , S 3 , 5 5

WHICH ONE MINIMIZED ? DENOTE 51 BY 1, 52 BY 2 , 5 3  BY 3 , 5 5  BY 5 
?2

DO YOU WANT THE PRIMARY PARABOLIC ?
?YES

SEIDEL ABERRATIONS FOR A PARABOLIC PRIMARY AND MIN 52 ARE 
CONIC CON.1 CONIC CON.2 ASPHERIC CON.2
- 1  -5 .  0
51 52 53 54 55
»3. 1 2 5 8 0 E -3  -2 .  3 2 8 3 1 E - 1 0  8. 7 5 0 0 0 E - 4  0. 00125 -1 .  75 0 0 0 E -4

F ig .  7. Sample Design Run, Cont?nued.



r t m  YOU WANT A DIFFERENT COMBINATION OF ABERRATIONS MINIMIZED ? 
?NO

DO YOU WANT ANY OF THE STARTING VALUES <H ,F , M ,L , D >  CHANGED ?
?YES

WHAT IS THE APERTURE HEIGHT?
?50

WHAT IS THE IMAGE HEIGHT?
?10

WHAT IS THE FOCAL LENGTH?
? 1 0 0 0

WHAT IS THE MAGNIFICATION OF THE SECONDARY ?
?3

WHAT IS THE RAT I'd OF THE MIRROR SEPARATION TO THE IMAGE DISTANCE 
FROM THE SECONDARY

?. 8
H

58
1ST POWER 

0. 003  
CURVATURE 1 
-0 .  0015

1000 
2ND POWER 
-0 .  0068  
CURVATURE 
-0 .  0034

M
3

SEPARATION 
235. 294 

PRIMARY F#
3. 33333

0 . 8
B FOCAL DIST  

294. 118  
SECONDARY F#

4. 99936

10

RADIUS OF SECONDARY 
1 4 . 7 0 7 8

S4 PETZVAL RADIUS
9. 50 0 8 0 E -4  - 2 6 3 .  158

j I S  THE PETZVAL RADIUS TOO SMALL 
1 ?NG

CURVATURE 
8

SURF 
$ 0

THICKNESS 
1 . 0000BE+10  
0

-2 35 .  294 
294. 118 
0

CHIEF V 
-1 0 8 0 8 0 8 9 8  
0

CHIEF U 
8. 81 
8. 01 

- 0. 01 
0. 026  
0. 826  
0. 826

-2 .  20235E

INDEX 
1

1 0 1
2 • - 0 .  0815 - 1
3 -0 .  8034 1
4 8 1

SURF AXIAL V AXIAL U
8 0 5 . 8 0 0 8 8 E -9
1 50. 5. 8 8 0 8 8 E - 9
2 58. 0. 15 0
3 14. 7859  -5 .  0 8 8 8 0 E — 2 2. 35294
4 6 . 6 7 5 7 2 E - 6  - 5 . 0 0 0 0 0 E - 2  10
5 6. 6 7 5 7 2 E -6  -5 .  0 0 0 0 0 E -2  10

THE SEIDEL ABERRATIONS FOR BOTH SURFACES SPHERICAL ARE 
Si  52 S3 54

2. 74 8 1 6 E -2  -2 .  9 7 7 9 4 E - 3  2. 7 3 5 2 9 E -4  9 . 5000 0E -4
| HOW MANY ABERRATIONS MINIMIZED : S i ,  52, S3, S5
I
iWHICH THREE ABERRATIONS MINIMIZED ? DENOTE S1+S2+S3 BY 1,
S1+S2+S5 BY 2, S2+S3+S5 BY 3, S1+S3+S5 BY 4 

?1
DO YOU WANT THE PRIMARY PARABOLIC ?

?NO
CAN BOTH SURFACES BE ASPHERIC ?

?YES
SEIDEL ABERRATIONS FOR TWO ASPHERICS AND MIN 51+52+53 ARE 
CONIC CON.1 CONIC CON.2 ASPHERIC CON.2 
-0 .  996887  -3 .  96336  0
Si 52 S3 54 55
-1 .  6 2 9 8 1 E- 9  -6 .  4 6 5 5 2 E -4  6. 4 6 5 5 2 E - 4  9. 500 00E-4  - 1 .  60552E
DO YOU WANT A DIFFERENT COMBINATION OF ABERRATIONS MINIMIZED ? 

?YES
HOW MANY ABERRATIONS MINIMIZED : S I ,  S 2 , S 3 , 5 5  

?2
WHICH TWO MINIMIZED? DENOTE S1+S2 BY 1, 51+53 BY 2, 51+55  BY 3 
S2+S3 BY 4, S2+S5 BY 5, S3+S5 BY 6 

?1
DO YOU WANT THE PRIMARY PARABOLIC ?

?NO

F ig ,  7, Sample Design Run, C o n t i n u e d ,
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CRH BOTH SURFACES BE ASPHERIC ?
?HO

SEIDEL ABERRATIONS FOR SPHERICAL PRIMARY AND MIN S1+S2 ARE 
CONIC CON. 1 CONIC CON. 2 ASPHERIC CON. 2 

O 5. 74569  8
S.1. S2 S3 ' S4 55

6. 3 5 7 7 6 E -3  -6 .  3 5 7 7 6 E - 3  -2 .  67 2 4 1 E -4  9. 5 080 0E -4  -3 .  06759E-4
DO YOU WANT A DIFFERENT COMBINATION OF ABERRATIONS MINIMIZED ?

? YE S
HOW MANY ABERRATIONS MINIMIZED : S 1 , S 2 , S 3 , S 5  

?2
WHICH TWO MINIMIZED? DENOTE S1+S2 BY 1, 51+S3 BY 2, S I +55 BY 3 
52+53 BY 4, S2+S5 BY 5, S3+55 BY 6 

?1
DO YOU WANT THE PRIMARY PARABOLIC ?

?VES
SEIDEL ABERRATIONS FOR A PARABOLIC PRIMARY AND MIN 51+52 ARE 
CONIC CON. 1 CONIC CON. 2 ASPHERIC CON. 2 
-1  -4 .  14655  8
SI 52 S3 54 55

5. 3 8 7 9 3 E -4  - 5 .  3 8 7 9 3 E -4  6. 6 3 7 9 3 E -4  9. 5000 0 E -4  - 1 .  5779 3 E -4
DO YOU WANT A DIFFERENT COMBINATION OF ABERRATIONS MINIMIZED ?

?YE5
MOM MANY ABERRATIONS MINIMIZED : 5 1 , 5 2 , S 3 , 5 5  

?2
WHICH TWO MINIMIZED? DENOTE 51+52 BY 1, 51+53 BY 2, 51+55  BY 3
S? + 53 BY 4, 52 + 55 BY 5, 53 + 55 BY 6

?1
DO YOU WANT THE PRIMARY PARABOLIC ?

?NO
CRN BOTH SURFACES BE ASPHERIC ?

?YES
SEIDEL ABERRATIONS FOR TWO ASPHERICS AND MIN 51+52 ARE
CONIC CON. 1 CONIC CON. 2 ASPHERIC CON. 2
-1 .  89259 -5 .  8625  0
SI  S2 S3 . 54 55

6. 9 8 4 9 2 E - 1 0  1. 7 4 6 2 3 E - 1 0  7. 5 0 0 0 0 E - 4  9. 5 000 0E -4  - 1 .  44 0 0 0 E -4
DO YOU WANT A DIFFERENT COMBINATION OF ABERRATIONS MINIMIZED ?

?NO
DO YOU WANT ANY OF THE STARTING VALUES ( H , F , M , L , D )  CHANGED ?
-?NO

r T H E  TOTAL SURFACE DEPTH AT THE EDGE OF THE PRIMARY IS. - 1 . 8 7 4 7 6  
THE ASPHERI C DEPTH AT THE EDGE OF THE PRI MARY IS 2 . S 8 8 2 5 E - 3
THE TOTAL SURFACE DEPTH AT THE EDGE OF THE SECONDARY I S - 8 . 3 6 6 8 1 2  
THE ASPHERI C DEPTH AT THE EDGE OF THE SECONDARY IS 1 . 1 5 9 4 3 E - 3
THE I N S I D E  RADI US OF THE PRI MARY IS 2 . 9 4 1 5 5
THE VERTEX THI CKNESS OF THE PRI MARY IS 5
THE VERTEX THI CKNESS OF THE SECONDARY I S 1. 4 7 9 7 9
THE CENTER OF MASS AS MEASURED FROM THE REAR OF THE PRI MARY ALONG THE 

OPT I C  A X I S  I S  8 . 7 2 0 1 9
DENOTE THE UNI TS ON THE INPUT VALUES:  INCHES BY 2 . 5 4 ,  M I L L I M E T E R S  BY 8 . 1

CENTI METERS BY 1,  METERS BY 100
?±

THE TOTAL HEI GHT IN GRAMS I S 7 9 4 3 5 . 3
THE MOMENT OF I N E R T I A  ( I N  6M. <UN I T S ) * * 2 > FOR THE SYSTEM I S
- 1. 2 1 1 5 3 E  + 8

rDO YOU WANT TO RUN THIS CASSEGRAIN ON AC0S5 ?
?YE5

GIVE THE LENS A NAME 
?SAMPLE

TYPE THE COMMAND MONITOR____
THEN TYPE THE COMMAND — — TOCDC AC0S5. CDC------------

LAND THE ACOS5 OUTPUT WILL BE PLACED IN THE DEC 18 F ILE AS OUTPUT

Fig .  7. Sample Design Run, Cont ? nued.



(12)

)

" t y p e  o u t p u t
1ACC05V L I CENSED FOR USE AT U OF A. TUCSON PD 8 4 / 2 8 / 7 5

- - L E N S  
- - L I , S A M P L E  
- - S A Y ,  58
—  SC Y, - 1 8 0 0 8 0 0 8 9  
- * T H ,  1.  O 0 0 0 8 E + 1 0  
- - A I R
- - A I R
- - C O B S ,  14.  7 8 7 8  

i - - A S T O P  EM 
| — REFS 
I -  -  C V , - 8 .  8 9 1 5  

- - C C ,  - 1 .  8 9 2 5 9  
- - T H , - 2 3 5 . 2 9 4  
- - R E F L
- - C V , - 8 .  8 0 3 4
—  CC, -  5.  8 6 2 5  
- - A 5 P H ,  8
- - T H ,  2 94 .  1 1 8
- - R E F L
- - P V ,  0
- - A I R
- - E O S

- - OC D Y

EFL BF F / NBR LENGTH DI D  T- MAG
1 0 0 0 .  8 8 2 4  . 0 8 8 8  18.  08 2 94 .  1 1 8 0 * * * * * * * * * * * * *  8 0 0 8 0 0

- - P X T Y  ALL

P'XT I N Y2 PLANE AT WAVL 1

SURF
0

PV 
8 . 0 8 8 9 8

PC Y 
. 18800E+09

PUV
. 88889

PUCY 
. 01008

1 5 8 . 0  0800 0. 00008 .8 0 0 0 0 . 8 1 0 8 0

2 5 8 . 0  0889 8 . 8 0 8 0 8 .1 5 9 8 9 - . 0 1 0 8 0

3 14. 78598 2. 35294 -.  95808 . 02600

4 . 0888 4 10. 00001 - .  85 000 . 0 2 6 0 8

5 . 80080 1 8 . 0 8 0 0 3 - . 8 5 0 0 9 . 82609

—  HA83 ALL

MONOCHROMATIC ABERRATIONS AT WAVL 1

SURF
1

S A3 
8. 000889

CMA3 
8. 800000

AST3 
8 . 0  80888

DI S3 
0. 880000

PTZ3 
8. 800808

2 .0 8 3 9 8 6 . 016875 - .  880758 8. 089800 . 8 00 75 8

3 - . 8 8 3 9 8 6 816875 . 0 8 0 0 8 8 . 88 814 4 0 0 1 7 0  0

4 0. 0 8 8 8 8 0 0 . 8 0 0 0 0 0 8 . 0 8 8 0 8 8 0. 0 0 0 0 0 0 8. 0 0 0 0 0 0

TOTALS 0 8 0 0 9 2 - .  8 8 9888 0 8 7 5 8 0 . 8 0 1 4 4 0 8 8 9 5 8 8

Fig.  7* Sample Design Run, Cont i nued.



- - LE N 0
LENS SAMPLE
SAY 5. 6800086E+81
SCY - i .  0 8 8 8 0 0 OE+88 0.
TH 1 . 8000000E+10
AIR
TH 0.
AIR
CO - 1 . 0925900E+08
REFS
ASTOP EN
CV - i . 5 0 0 0 0 8 8 E - 0 3
GOBS 1. 4787808E+81
TH - 2 . 3 5 2 9 4 0 8 E+82
REFL
AS P H 8.
CC -5 .  8625008£+08
CV -3 .  480888 0E - 0 3
TH 2 . 9411800E+02
REFL
PY 8.
AIR
EOS
C . .  END OF LENS DECK____

- - E X I T

F ig .  7« Sample •Design Run, Cont inued.
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9. T h ink in g  we might  do b e t t e r  w i t h  a s m a l le r  L we change L 

f rom 1.0 to  0 .8  and repeat steps 6, 7, 8 and decide t h a t  the  combina­

t i o n  o f  two aspher ics  and minimum SI and S2 is  b e t t e r .

10. The program l i s t s  the t o t a l  su r fa ce  dep ths,  the aspher ic  

depths,  the in s id e  rad ius  o f  the  p r im a ry ,  the  v e r te x  m i r r o r  th icknesses ,  

the  c e n te r  o f  mass (us ing  a d e n s i t y  o f  2.5 gm/cm3) , the t o t a l  we igh t

in grams, and the  moment o f  i n e r t i a .

11. The program c rea tes  a lens deck w i t h  the l a s t  sys tem's  pa r ­

ameters and puts i t  on f i l e  so we can run t h i s  m i r r o r  system on the 

ACCOS 5 program by t y p in g  the commands "MONITOR", and then "TOCD 

ACC0S5.CDC". The program then t e l l s  us where we w i l l  f i n d  the ou tpu t  

f rom AC COS 5, when i t '  has run .

12. The o u tp u t  f rom the ACC0S5 run is  l i s t e d  f o r  comparison w i t h  

the Seide l  a b e r r a t i o n s .  The two l i s t s  o f  a b e r r a t io n s  are  r e la te d  by 

the  f o l l o w i n g  equ a t ions :

SI
SA3 = 2nu

CMA3 ~ ~ Tangen t ia l  Coma

AST3 -  E

S4 
2nu

DIS3 = 35
2nu

where u is  the  f i n a l  marg ina l  ray ang le  w i t h  the o p t i c  a x i s  ( f o r  t h i s  

sample Tens u = (PUY) = -  0 .0 5 ) •



Comments on Programming 

To use t h i s  program, the f i r s t  t h i n g  t h a t  must be done is to  

e n te r  the program in to  the Dec 10 f i l e  d i r e c t o r y .  To do t h i s ,  o b ta in  

the card deck o f  the program, type the f o l l o w i n g  ca rds ,  and read them 

in to  the  CDC 6400 card reader in t h i s  sequence:

$J0B -  name (ppn)

$PASSWORD -  password 

$DECK -  name, ex t

the  card deck o f  the program 

$E0D

where: name, is  the  name des i red  t o  c a l l  the  j o b ;

ppn, is  the  b i l l i n g  number on the  Dec 10;

password, is  the  password f o r  the  ppn;

name, e x t . ,  is  the  name wanted t o  c a l l  the f i l e .

Once the  program is  on f i l e  and has been logged i n t o  the  Dec 10, 

the  f o l l o w i n g  sta tements  should be typed ( to  number the  program s t a t e ­

ments):  "SOS name, e x t " ,  and "*EN".  Then Basic should  be en te red ,  and

the program in to  Basic  by t y p in g :  "R_BAS1C", and then "OLD FILE NAME-- 

name. e x t " .

Now the f o l l o w i n g  changes must be made in the  program:

In s ta tement  5840:

ZDR0 charged to  the  name wanted to  c a l l  the  jo b

9702762X. charged to  the  b i l l i n g  number f o r  the  CDC 6400.
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In s ta tement  5900:

6XXX,XXXXX charged to  the  b i l l i n g  number on the  Dec 10.

AAAAAA charged to  your  password f o r  the  Dec 10

b i l l i n g  number.

Secondary m i r r o r  m isa l ignment  c o n s id e r a t io n s ,  both a x ia l  and 

l a t e r a l ,  were no t  inc luded in the  program. To in c lud e  these cons ide ra ­

t i o n s ,  the  best  re fe rence  would be Wethere 11 and Rimmer (1972, pp. 

2823-2826) ,  A l l  the  equa t ions  they p resen t  in t h i s  a r t i c l e  can be 

converted  f o r  use in t h i s  program by us ing the  f o l l o w i n g  s u b s t i t u t i o n s :

m = M • F = f f  - FP *  w  - DP = H •

Since the  program is in  Basic any o r  a l l  o f  the e f f e c t s  o f  m isa l ignment

ment ioned by W ethere l l  and Rimmer can be monitored by the  program by 

in c lu d in g  the  a p p ro p r i a te  equa t ions  (w i t h  the  above s u b s t i t u t i o n s )  in 

the  program. A l i s t i n g  o f  the program is inc luded in Appendix A.



CHAPTER 5

THE EFFECTS OF PARAMETER L ON AN APLANAT

To observe the e f f e c t  o f  L on the  o b s t r u c t i o n  r a t i o ,  the  va lue  

o f  S3, the  va lue  o f  S4, the  p r im ary  a sph e r ic  cons tan t  (A 4 ) , and the 

secondary a sph e r ic  c ons tan t  (A3) f o r  a two m i r r o r  a p lana t  ic  system, 

the  f o l l o w i n g  a r b i t r a r y  system was run on the  program: a p e r tu re  h e ig h t

(50 cm), image h e ig h t  (10 cm), e f f e c t i v e  foca l  le ng th  (1000 cm), mag- 

n i f i c a t i o n  o f  secondary ( 5 ) ,  and L ( f rom 0.1 to  1 .4 ) .  The run is 

1is ted  in Appendix B, and the v a 1ues f o r  Table 3 were taken from the re .

Tab le  3- P rope r t  ies o f  Ap lana t  vs. L.

L e . S3 (10-4) 54 (10-4) A4- A3

0.1 0.6800 3.625 2.5 - 1 .1 6 0 . - 2.719

0.2 0.5200 4.750 . 7.5 - 1.080 - 2.563

0 .4  . O.36OO 7.000 17.5

O-3-O1 - 2 .484

0.6 0.2800 9.250 27.5 -1 .0 27 -2 .458

0.8 0.2320 11.500 37-5 -1 .020 -2 .445

1.0 0.2000 13.750 47.5 -1 .016 -2 .438  .

1.2 0.1761 , 16.000 57.5 -1 .0 1 3 - 2.432

■ 1.4 0.1600 18.250 67.5 -1.011 -2 .429

30

(



P l o t t i n g  e vs .  L f o r  t h i s  system in F ig .  8,  we see the r a t i o  

e decreases r a p id l y  as L inc reases .  An equa t ion  f o r  e in terms o f  

L i s :

H LD
1 + ML 1 + ML

H

.0

0.8

0 .6

0.4

0 .2

0.4 0 . 80.6 1.40 .20 1 .2.0

F i g . 8. e vs.  L .
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From the p l o t  we see t h a t  e becomes reasonable when L becomes g re a te r  

than 0 .4 .

P l o t t i n g  S3 vs.  L f o r  t h i s  system in F ig .  9 ,  we see t h a t  S3 

increases l i n e a r l y  as L inc reases .  P r o j e c t i n g  the p l o t  f o r  the va lue  

o f  L where S3 = 0 (an a s t i g m a t i c  ap lana t )  , we f i n d  L = -  0 .22 .

Which means t h a t  we would have a v i r t u a l  image i f  we used t h i s  va lue 

f o r  L to  make the system a s t i g m a t i c .  Checking t h i s  va lue  f o r  L w i t h  

the r e l a t i o n  f o r  a s t i g m a t i c  ap lana ts  (j_ = 1 / (&-M)] we f i n d  agreement.

P l o t t i n g  S4 vs.  L f o r  t h i s  system in F ig .  10, we see t h a t  S4 

a lso  increases l i n e a r l y  as L inc reases .  F ind ing  t h a t  S4 = 0 when 

L -  0.05 we can aga in check t h i s  va lue  w i t h  the  r e l a t i o n  f o r  a zero 

Pe tzva1 c u rv a tu re  [b  = 1 /  (M2 -  M)] , and f i n d  agreement.  T he re fo re ,  

f rom t h i s  graph we can de termine t h a t  f o r  t h i s  system, the lowest 

va lue  o f  S4 w i l l  be g iven by the  lowest va lue  o f  L we can use.

P l o t t i n g  A4 v s .  L f o r  t h i s  system in F ig .  11, we see t h a t  A4 

approaches -  1.01 n o n l i n e a r l y  as L inc reases .  A4 a ls o  decreases very 

r a p i d l y  as L approaches zero .

P l o t t i n g  A3 vs.  L f o r  the system in F igure  12, we n o t i c e  t h a t  

A3 approaches -  2.42 as L inc reases ,  and then decreases very  r a p i d l y  

as L approaches zero .

In summary we can say t h a t  the  general  e f f e c t  o f  L, inc reas ing  

from 0 to  1 .4 ,  on t h i s  system is t o  inc rease the Seide l  a b e r r a t io n s  

l i n e a r l y  and reduce the o b s t r u c t i o n  r a t i o .  Each con ic  cons tan t  has
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a la rge  amount o f  change as L goes from 0 to  0 .5 ,  but  then they 

each tend to  converge to  t h e i r  f i n a l  values as L approaches 1.4.

To present  a b e t t e r  idea o f  the systems represented in 

these p l o t s ,  diagrams o f  th ree  systems cons idered appear in 

F ig .  13 (1 = . 1 ) ,  F ig .  14 (1 = . 6 ) ,  and F ig .  15 (1 = 1 .4 ) .

Pr imary 
 / N ------Seconda

666

F i g . 13• System f o r  L = .1.
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P r im a ry

Secondsr

# -
12.5

150

250

Fig.  1k . System f o r  L = .6.  ,

Pr imary

Secondar

125

175

F ig .  15 . System f o r  L = 1.4



CHAPTER 6

CONCLUSIONS

The program is l i m i t e d  t o  two m i r r o r  systems and so is p r im a r ­

i l y  f o r  the  des igne r  who is des ign ing  t h i s  type o f  system. The w r i t e r  

be l ie v e s  the program can be a v a lu a b le  to o l  t o  t h i s  des igne r  who is

look ing  f o r  a usab le  se t  o f  s t a r t i n g  parameters f o r  inpu t  to  an

in vo lved  design program, which a l lows  a l l  the parameters to  va ry .  I t

is in tended t o  p lace the s t a r t i n g  design c lose  enough to  the  minimum

s o l u t i o n  d e s i re d ,  t h a t  the more in vo lved  program can more q u i c k l y  f i n d  

the  best  minimum. As is s ta te d  by Jamieson (1971> p • 94) ( r e f e r r i n g  

to  the  design programs now a v a i l a b le )  "N o rm a l ly  the f i n a l  system is 

s i m i l a r  to  the i n i t i a l  system in terms o f  the  d i s t r i b u t i o n  o f  powers 

so t h a t  the  s tep  taken in parameter space is no rm a l l y  s m a l l . "  So by 

p lac in g  the o r i g i n a l  design o r  s t a r t i n g  parameters c lo se  to  the s o l u ­

t i o n ,  a more e f f i c i e n t  use o f  the  in vo lved  program may be r e a l i z e d .  To 

t h i s  end, the  w r i t e r  be l ie ves  the program can c la im  some success.

The l i s t i n g  o f  the  phys ica l  parameters o f  the system (such as 

the c e n te r  o f  mass, th icknesses ,  e t c . ) a t  the end o f  t h e  program is 

p rov ided  to  g ive  the des igne r  a more d e t a i l e d  d e s c r i p t i o n  o f  the r e s u l t ­

an t  system. A d e s c r i p t i o n  o f  the  approx im at ions  made in these c a l c u l a ­

t io n s  is l i s t e d  in Appendix C. These phys ica l  parameters w i l l  o b v io u s ly  

change when the more in vo lved  program changes the  system, but the changes 

w i 11 be smal1.

39



APPENDIX A

PROGRAM LISTING

This  is a l i s t  o f  the  program as i t  w i l l  look  a f t e r  the 

procedure  in the Comments on Programming s e c t io n  has been fo l l o w e d .  

I t  is inc luded as a re fe rence  f o r  those who wish to  make changes in 

the program.

40
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10 PRINT"THE UNITS ON THE FOLLOWING CALCULATED VALUES WILL BE THE”
28 PRINT"SAME AS THE UNITS ON YOUR INPUT VALUES*
30 PRI NT"WHAT IS THE APERTURE HEIGHT?"
48 LET J=A3=A4=A9=0
58 INPUT H
60 PRINT"WHAT IS  THE IMAGE HEIGHT?*
78  INPUT D
88 PRINT"WHAT IS  THE FOCAL LENGTH?"
98 INPUT F
180 PRINT"WHAT IS  THE MAGNIFICATION OF THE SECONDARY ?"
110  INPUT M
128 PR I NT"WHAT I S THE RATI O OF THE MI RROR SEPARATION TO*
130  PRINT"THE IMAGE DISTANCE FROM THE SECONDARY"
148 INPUT L
15 8 RRiNT"H" ,  " F " , " M " , * L " ,  "D"
160 PRINT H# Ft  M, L, D 
178 LET W=H*D/F
188 LET 5 4 = ( W * W / F ) * ( - 1 - M * < 1 - M ) * L )
1 9 8  LET P1=-W*W/S4
200 LET K1=M/F
210 LET K 2 = < 1 - M ) * < 1 + M * L ) / ( F )
220 LET H1=H
238 LET D 1 - L * F / < 1 + M * L )
240 .  LET D 2=F 7 (1 +M *L )
256  LET R = A BS (H 7C1 + M* L ) )+ AB S <L *D /< 1+M *L ) )
268  LET C2=K2/2
270  LET C l = - K l / 2
288  LET F T = 1 / < K 1 * H * 2 )
298  LET 07=0  
300 LET 04=1  
318 I F  M=1 THEN 340  
328  . LET F 2 = - i / < K 2 * 2 * R >
3 3 8  I F  MC>1 THEN 390
340  LET F2=8
358 LET 05 = D *L /H
360 LET 0 6 = 1 6 * H * * 4 / ( 1 + M * L ) * * 4
370  LET 04=8
386 LET 07=1
39 8 P R IN T "1ST POWER",“ 2ND POWER","SEPARATION","B FOCAL DIS T"
480 PRINT K l , K 2 , D l , D 2
419  PRINT"CURVATURE 1 " , "CURVATURE 2" ,  "PRIMARY F#° ,  "SECONDARY FD*
428  PRINT C l ,  C2, F I ,  F2
438  PRINT "RADIUS OF SECONDARY"
448 PRINT R
458 P R IN T"S4“ ,"PET2VAL RADIUS*
460 PRINT S 4 , P I
478 P R I N T " IS  THE PETZVAL RADIUS TOO SMALL ?*
488 INPUT 0$
490 I F  0$="N0" THEN 530
508  PRINT"TO INCREASE PETZVAL RADIUS : INCREASE FOCAL LENGTH, DECREASE"
510 PRINT"THE MAGNIFICATION OF THE SECONDARY,OR DECREASE L*
528  60 TO 80
530  6 0 SUB 4950
540 PRINT "THE SEIDEL ABERRATIONS FOR BOTH S U R F A C E S  SPHERICAL ARE"
558 LET e=2*W**3/<H*H>
568 PRINT " S I " , " 5 2 " , " S 3 " , " 5 4 ° , flS5"
570  I F  MO. i  THEN 650
588 LET S 1 = ( H * * 4 / ( 4 * F * * 3 ) ) * M * * 3
590  LET S 2 = < H * H * W / < 2 * F * F > ) * < - 1 )



; 600 LET S 3 = ( W * W / F ) * < 1 )
610 LET S 4 = ( W * W / F > * < - 1 )
620 LET 55=0
638 LET K=0
640 GO TO ?10
650 LET K = ( 1 - M ) * * 3 / ( 1 + M * L )
660  LET S l = < H * * 4 / C 4 * F * * 3 ) > * < M * f 3 + K * ( ( l + M ) / ( l - M ) ) * * 2 )
670 LET S 2 = ( H * H * W 7 ( 2 * F % F ) ) * ( - 1 + ( L / 2 ) * K * ( ( 1 + M ) / ( 1 - M ) ) * * 2 )
680 LET 53=< M * H / F > - * < l - < l - M ) * L + < L / 2 > * * 2 * K * <  ) * * 2 >
690 LET 54 = ( W* W,-'F) * < - 1  -11*< 1 r-M) * L )
70 8 LET S 5 = B * < L * < l - M ) K L / 2 )  *  *  2 * < l - l 1 ) * < 3 - M ) + < L / 2 )  *  *  3*K
71 0  LET 01=05=.  5
720 LET 02=06=1
730 I F  J=1 THEM 750
748 PRINT 51, 5 2 , S 3 , 5 4 , 5 5
750 PRINT “ HOW MANY ABERRATIONS MIN I  Ml ZEE- : 51, 52, S3, 5 5 “
768 INPUT P 
778 I F  P=4 THEN 3210
780 I F  P=3 THEN 3610
790 I F  P=2 THEN 1550
808 PR I NT” WHICH ONE MINIMIZE D ? DENOTE 51  BY 1, 52 BY 2, S3 BY 3 , 5 5  BY 5 
818 INPUT P
820 PRINT"DO YOU WANT THE PRIMARY PARABOLIC ?“
830 INPUT 0$
840  I F  0 1 = "NO" THEN 1010  
850 LET A 4 = - l  
860 I F  P=5 THEN 990
870 I F  P=3 THEN 970
888 I F  P=2 THEN 950
890 PR I  NT"SET DEL ABERRATIONS FOR A PARABOLIC PRIMARY AND MIN 51 ARE"
900.  LET E1=51 + < H *  *  4 / <  4 *  F *  *  3 > ) * ( - M * * 3  + K*A5)+Q7*Q6*A5  
910 LET E 2=51 + < H * *  4 <  4 *F  *  *  3 ) ) *  < -  M *  *  3 + K *  A 6 > + G! 7 *  A 6 *  Q 6 

. 928  LET A 3 = A 5 - ( E 1 * ( A 5 - A 6 ) ) / < E 1 - E 2 )
920 GOSUB 4860  
948 GO TO 5200
950 PRINT"SEIDEL ABERRATIONS FOR A PARABOLIC PRIMARY AND MIN 52 ARE" 
960: GO TO 1270
978 PR I M V S E I D E L  ABERRATIONS FOR A PARABOLIC PRIMARY AND MIN 53 ARE"
980 GO TO 1370
998 PR I  NT"SEIDEL ABERRATIONS FOR - A PARABOLIC PRIMARY AND MIN 55 ARE"
1000 GO TO 1470
1010 I F  P=5 THEN 1450
1020 I F  P=3 THEN 1358
1030 I F  P=2 THEN'1258
1048 PRINT " DENOTE WHICH SURFACE ASPHERIC: PRIMARY BY 1, SECONDARY BY 2
1050  INPUT P
1060 I F  P=2 THEN 1150
1070 LET B 1 = S 1 + ( H * * 4 / < 4 * F * * 2 ) ) * < M * * 3 * A 1 )
1088  LET B 2 = S 1 F < H * * 4 / < 4 * F * * 2 >  >* <M * *2 *A 2>
1090 LET A 4 = A 1 -< B 1 * < A 1 - A 2 ) > / < B 1 - B 2 )
1100  LET S i » 5 1 + C H * * 4 / < 4 * F * * 3 ) ) * < M * * $ * f l 4 )
1110  PRINT "SEIDEL ABERRATIONS FOR A SPHERICAL SECONDARY AND MIN 51 ARE 
1120 PRINT"S1",  "52" ,  " S 3 " , " 5 4 " ,  "55" ,  "PRIMARY CONIC CONSTANT"
1120  PRINT 51,  52,  S3, 54,  55,  84.
1140  GO TO 5200  
1150 LET A4=0
1168 PRINT"SEIDEL ABERRATIONS FOR A SPHERICAL PRIMARY AND MIN 51 ARE" 
1170  I F  M O l  THEN 1208
1180 LET A9=^S1/Q6 '
1190  GO TO 1228
1200 LET B 1 = S 1 - K H * * 4 / < 4 * F * * 3 > > * K * A 1  
1210 LET B 2 = S 1 + ( H * * 4 / < 4 * F * * 3 ) ) * K * A 2  
1220  LET A 3 = A 1 - < B 1 * < R 1 - A 2 ) ) / ( B 1 - B 2 )
1238  GOSUB 4860  
1240 GO TO 5300  
1250 LET A4=8
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: 1 2 6 0  PRINT "SEIDEL ABERRATIONS FOR ft SPHERICAL PRIMARY AND MIN 52 ARE" 
127 0  I F  M O l  THEN 1300  
1280 LET R 9 = - 5 2 / < Q 5 * M >
1290 GO TO 1330
1380 LET B 1 = S 2 + < L / 2 ) * K * A 1 * H * H * W / < 2 * F * F )
1310  LET B 2 = S 2 + < L / 2 ) * K * A 2 * H * H * W / < 2 * F * f )
1320  LET A 3 = R 1 - < B 1 * ( A 1 - A 2 ) ) / < B 1 - B 2 )
1330  GOSUB 4860  
1340 GO TO 5300  
1358 LET A4=0
1360 PRINT "SEIDEL ABERRATIONS FOR ft SPHERICAL PRIMARY AND MIN S3 ARE"
1370 I F  M O l  THEN 1400  
1388 LET A 9 = - S 3 / < 0 5 * * 2 * 0 6 >
1390 GO TO 1430
1400 LET B 1 = S 3 + < L / 2 ) * * 2 * K * A 1 * W * W / F  
1410 LET B 2 - S 3 f < L / 2 ) * * 2 * K * A 2 * W*W/F 
1420 LET A 3 = A 1 - < B 1 * ( A 1 - A 2 ) ) / ( B 1 - B 2 )
1430  GOSUB 4860
1440 GO TO 5380
1450 PRINT"SEIDEL ABERRATIONS FOR A SPHERICAL PRIMARY AND MIN 55 ARE"
1460 LET A4=0
1470 I F  M O l  THEN 1500  
1480 LET A9=0  
1490 GO TO 1530
150 0 LET B1 = S 5 M  2*W**3Z< H * H ) ) * <  L / 2 ) * * 3 * K * A 1  
1 5 1 0  LET B2=S5 + < 2 * W * * 3 / < H * H ) ) * ( L / 2 ) * * 3 * K * A 2  
1520 LET A 3 = R 1 - < B 1 * ( R 1 - A 2 ) ) / ( B 1 - B 2 )
1530  GOSUB 4860
1540 ' GO TO 5300
1558 PRINT"WHICH TWO MINIMIZED? DENOTE S1+S2 BY 1, S1+S3 BY 2, S1+S5 BY 3 “
15 60 PRI NT"S2+S3 BY 4, S2 + S5 BY 5, 53+55  BY 6"
1570  LET A1=A5= 5
1580  LET A2=A6=1
15 9 0  INPUT P
1600 IF  P=3 THEN 2580
1610 IF  P=2 THEN 2200
1628 I F  P=1 THEN 1820
1638 P RI NT"DO YOU WANT THE PRIMARY PARABOLIC ?■
16 40 INPUT OS
16 5 8  IF  0$="N0"  THEN 1710
1660 LET A 4 = - l
1670  I F  P=4 THEN 1760
1680 I F  P=5 THEN 1780
1698 IF  P=6 THEN 1800
1700 GO TO 5380  .
1710 LET ft4=0 
1728 I F  P=4 THEN 2940  
1730 IF  P=5 THEN 3030  
1748 IF  P=6 THEN 3120  
1758 GO TO 5308
1768 PR I NT"SEIDEL ABERRATIONS FOR A PARABOLIC PRIMARY AND MIN S2+S3 ARE" 
1778 GO TO 2958
1780 PRINT"SEIDEL ABERRATIONS FOR A PARABOLIC PRIMARY AND MIN S2+S5 ARE" 
1790 GO TO 3840
1880 PRINT"SEIDEL ABERRATIONS FOR ft PARABOLIC PRIMARY AND MIN S3+S5 ARE" 
1818  GO TO 3138
1820 PRINT"DO YOU WANT THE PRIMARY PARABOLIC ?*
1830 INPUT 0$
1 8 4 8  IF  0 $ = " YES" THEN 2800
1850 PRINT"CAN BOTH SURFACES BE ASPHERIC ?“ 
i 8 6 0  INPUT 0$
1870 I F  0$="N0"  THEN 2100
1888 PRINT"SEIDEL ABERRATIONS FOR TWO ASPHERICS AND MIN S1+S2 ARE"
1890 IF  M O l  T H E H  1920  
1900 LET A 9= -S 27( Q 5*Q 6)
1910  GO TO 1950
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1929 LET  ̂6 1 * S 2 + < L / 2 ) 2 * " F * F >
1930 LET 'e 2 = S 2 + < L / 2 ) * K * A 6 * H * H * W / < 2 * F * F >
1940 LET R3 = f l 5 - < E 1 * < A 5 - A ; 6 ) ) / < E 1 - E 2 )
1950  LET B l = 5 1 + ( H * * 4 / ( 4 * F * * 3 ) ) * ( M * * 3 * A l + K * R 3 ) + & g * 0 7 * R 9  
I 9 6 0  LET B 2 = S l + < H * * 4 / ( 4 * F * * 3 ) ) * ( M * * 3 * R 2 f K * R 3 ) + G 6 * Q 7 * A 9  
197 0  LET A 4 = A 1 ^ < B l * < A 1 - A 2 ) ) / < B1 -B2)
1980  GOSUB 4860
1990 GO TO 5300
2000 PRINT-SEIOEL ABERRATIONS FOR A PARABOLIC PRIMARY AND MIN 5 1 * 5 2  ARE”
2010 LET A 4 = - l
2020  LET E l  = 51 + 52 +A 5 * <<L / 2 > * K * H * H * M / < 2 * F * F >  + <H**4,-’< 4 * F * * 3 > > * I O - < H * * 4 /  

( 4 * f * * 3 ) ) * M * * 3
2030  . LET E1 = 51+5 2 + A 6 * ( <  L / 2 ) *  K *  H *  H *  N/ ( 2  *  F *  F > + < H *  *  4 /<  4 *  F *  *  3 > > *  K) - <  H *  *  4 /  ' 

< 4 * F * * 3 ) ) * M * * 3  
2040 I F  M O l  THEN 2070
2050 LET A 9 = - S 2 / ( Q 6 * ( 1 + B 5 ) )
2060  GO TO 2080 '
2070 LET A2 -A5-<  E l * :< R5 -A6 )  ) / <  E l - E 2 >
2080 GOSUB 4860
2090 GO TO 5300
2100 PRINT "SEIDEL ABERRATIONS FOR SPHERICAL PRIMARY AND MIN S1+S2 ARE" 
2110 LET 84=0
2120 LET E 1 = S 1 + S 2 + A 5 * < < L / 2 ) * K * H * H * N / < 2 * F * F ) + X H * * 4 / < 4 * F * * 3 ) ) * K )
2130  LET E 2 = S 1 + S 2 + R 6 * < < L / 2 ) * K * H * H * W / < 2 * F * F ) + < H * * 4 / < 4 * F * * 3 ) ) * K )
2140 I F  M O l  THEN 2170
2150 LET A9 = ( - 5 1 - 5 2 ) / <  G 6 * < 1 + B 5 ) )
2168  GO TO 2180
2178 LET A2.=A5-<E1*< A5 -A6 )  > / <  E 1 -E 2 )
2180  GOSUB 4860
2190 GO TO 5300
220-0 PRINT “DO YOU WANT THE PRIMARY PARABOLIC t«
2210  INPUT 0$
2220  I F  0 F - “NO" THEN 2330
2230 PRINT"SEIDEL ABERRATIONS FOR A PARABOLIC PRIMARY AND MIN S1+S3 ARE"
2240 LET ,A4=-1
2250  LET E l » 5 l + S 3 + f l 5 * < ( L 7 2 ) * * 2 * K * W * W / F + < H * * 4 / < 4 * F * * 3 > ) * K ) - < H * * 4 / < 4 * F * * 3 > >

* M * * 3
2260  LET E 2 = S l + S 3 + A 6 * ( < L / 2 ) + = * 2 * K * W * N 7 F + < H * * 4 / < 4 * F * * 3 ) ) * | f ) - < H * * 4 / < 4 * F * * 3 > )

* M * * 3
2270  I F  M O l  THEN 2300
2 280  LET A9 =-S 3/< Q6*<1+C!5**2>>
2290 GO TO 2310
2300 LET A 3 = A 5 - < E 1 * < A 5 - A 6 ) ) / < E 1 - E 2 )
2310  GOSUB 4860  
2320 GO TO 5300
2330 PR I  NT"CAN BOTH SURFACES BE ASPHERIC ?°
2340  INPUT 0 $
2350 IF  0$="N0"  THEN 2480
2368 PRINT-SEIDEL ABERRATIONS FOR TWO ASPHERICS AND MIN S1+S3 ARE"
2370 LET E l=S3 + < L / 2 )  * * 2 * IC *A 5*N* W /F  
2380 LET E 2 = S 3 + < L / 2 > * * 2 * K * A 6 * W * W /F  
2390 I F  M O l  THEN 2420  
2480 LET A 9 = - S 3 / ( Q 5 * * 2 * Q 6 )
2410  GO TO 2430
2420 LET A 3= A 5 -  ( E1 »= < A 5 -  A 6 ) ) /  ( E1 ->• E 2.)
2430  LET B 1 = S 1 + ( M * * 4 / ( 4 * F * * 3 ) ) * < M * * 3 * A 1 + K * A 3 ) + 0 S * A 9 * 8 7  
2440 LET B 2 = S l + ( H * * 4 / ( 4 * F * * 3 ) ) * ( M * * 3 * A 2 + K * R 3 ) + Q 6 * R 9 * Q 7  
2450 LET R 4 = A 1 - < B 1 * ( A 5 - R 6 ) ) / ( B 1 - B 2 )
2468  GOSUB 4860  
2470 GO TO 5380
2480 PRI NT"SEIDEL ABERRATIONS FOR SPHERICAL PRIMARY AND MIN S1+S3 ARE" 
2 4 9 0  LET A4=0
2500 LET E 1 = S 1 + S 3 + A 5 * ( ( L / 2 ) * * 2 * K * W * W / F + < H * * 4 / ( 4 * F * * 3 ) ) * K )
2510  LET E 2 = S 1 + S 3 + A 6 * ( ( L / 2 ) * * 2 * K * W * W / F 4 < H * * 4 / < 4 * F * * 3 ) ) * K )
2520  IF  M O l  THEN 2550
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2538 LET A9 = < - S 1 - S 3 ) /<  C!6*< 1 + C!5**2> )
2548  GO TO 2560
2550 LET A3=A5-<EJ.*<fl '5rfl6> ) /  <E 1 -E 2 )
2560  G05UB 4860 .
2570  60 TO 5300
2580 PRINT"DO YOU WANT THE PRIMARY PARABOLIC ?"
2596  INPUT 0$
2600 IF  0$="YES" THEN 2868
261-0 PRINT"CAN BOTH SURFACES BE ASPHERIC ? “
2620  INPUT Of
2630 I F  0 f = " NO" THEN 2766
2640 PRINT"SEIDEL ABERRATIONS FOR TWO ASPHERICS AND MIN 51+55  ARE"
2650 LET B 1 = S 5 + B * ( L / 2 ) * * 3 * K * A 1  
2660 LET B 2 = S 5 + B * ( L / 2 ) * * 3 * K * A 2  
2670 IF  MC>1 THEN 2700  
2680 LET A9=6 
2690 GO TO 2710
2700 LET A 3 = A 1 - ( B 1 * ( A 1 - A 2 ) ) / ( B 1 - B 2 )
2710  LET E 1 = S 1 + ( H * * 4 / < 4 * F * * 3 ) ) * < M * * 3 * A 5 + K * R 3 ) + Q 6 * A 9 * Q 7  
2720 LET E 2 = S 1 + < H * * 4 / ( 4 * F * * 3 ) ) * ( M * * 3 * A 6 + K * A 3 ) + Q 6 * A 9 * 0 7  
2730 LET A 4 = A 5 - ( E l * < A 5 - A 6 ) ) / < E l - r E 2 >  .
2740  GOSUB 4860  
2750 GO TO 5380
2760 PRINT"SEIDEL ABERRATIONS FOR A SPHERICAL PRIMARY AND MIN 51+55 ARE" 
2770 LET A4=8
2780 LET E 1 = S 1 + S 5 + A 5 * ( B * ( L / 2 ) * * 3 * K + K * H * * 4 / ( 4 * F * * 3 ) )
2790  LET E 2 5 S 1 + S 5 + A S * < B * ( L / 2 ) * * 3 * K + K * H * * 4 / < 4 * F * * 3 ) )
2860  IF  M O l  THEN 2830
2810 LET A 9 = - S 1 / ( Q 6 * ( 1 + Q 5 * * 3 ) )
2820 GO TO 2846
2830 LET R 3 = A 5 - ( E 1 * ( A 5 - A 6 ) ) / < E 1 H E 2 )
2840  GOSUB 4860  
2850 GO TO 5306
2860 PRINT"SEIDEL ABERRATIONS FOR A PARABOLIC PRIMARY AND MIN S1+S5 ARE" 
2870 LET A 4 = - l
2880  LET E l = S l + S 5 - < H * * 4 / < 4 * F * * 3 n * M * * 2 + R 5 * < B * < L , - ,2 ) * * 3 * K + < H * * 4 / < 4 * F * * 3 : > > * K >  
2890 LET E 2 = S 1 + S 5 - < H * * 4 / ( 4 * F * * 3 ) ) * M * * 3 + R 6 * < B * ( L / 2 ) * * 3 * K + ( H * * 4 / ( 4 * F * * 3 > ) * K >  
2900 IF  M=1 THEN 2928  
2910 LET A 3 = A 5 - < E 1 * < A 5 - A S ) ) / < E 1 - E 2 )
2920 GOSUB 4868  
2938 GO TO 5308

.2940  PRINT-SEIDEL ABERRATIONS FOR A SPHERICAL PRIMARY AND MIN S2+S3 ARE" 
2950 LET 61=S 2+ S3 +R 5*< <L / 2 > * K * H * H * W / < 2 * F * F ) + < L / 2 ) * * 2 * K * M * N / F )
2960  LET B2=52+S3+A6*.< < L / 2 ) + < L / 2 ) * * 2 * K * W * W / F >
2970 I F  M<>1 THEN 3668
2988 LET A 9 = < - S 2 - S 3 ) / < Q S * ( Q 5 + Q 5 * * 2 ) )
2998  GO TO 3010
3000 LET A3 = A5 - < B1 * < A5 - A6 ) > / < B1 - B2)
3010  GOSUB 4868  
3020 GO TO 5360
3030 PR I  NT"SEIDEL ABERRATIONS FOR A SPHERICAL PRIMARY AND MIN 52+55 ARE" 
3040 LET B1=S2+S5+A5*< < L / 2 > * K * H * H * N / < 2 * F * F > + 6 * 0 / 2 ) * * 3 * K >
3056 LET B2 = S2 + S5+A6*< < L / 2 ) * K + H * H * W / <  2 * F * F ) + B * < L / 2 ) * * 3 * K )
3860  IF  M O l  THEN 3698
3670 LET A 9 = < - 5 2 - S 5 ) / ( 0 6 * < G > 5 + C ! 5 * * 3 ) )
3880  GO TO 3106
3 8 9 0  LET A 3 = A 5 - < B 1 * < A 5 - A 6 ) ) / < B 1 - B 2 )
3100  GOSUB 4860  
3110 GO TO 5380
3120 PR I  NT"SEIDEL ABERRATIONS FOR A SPHERICAL PRIMARY AND MIN S3+S5 ARE" 
3130 LET Bl=S3+55+A5*<  < L / 2 ) * * 2 * K * W * W / F + B * ( L / 2 ) * * 3 * K )
3146  LET B 2 = S 3 + S 5 + A 6 * < ( L / 2 ) * * 2 * K * W * W / F + B * < L / 2 ) * * 3 * K )
3150  IF  M O l  THEN 3180
3160 LET A 9 = < - S 3 ) / < 6 6 * < 0 5 * * 2 + Q 5 * * 3 ) )
3170  GO TO 3198
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3180 LET A 3 = A 5 - < B l * ( R 5 ^ A g ) ) / ( B l - B 2 )
3190  GOSUB 4860  
3208 GO TO 5300
3210 PRINT" D0 YOU WANT THE PRIMARY PARABOLIC ?"
3220  INPUT 0$
3230  I F  0$="YES" THEN 3510
3240 PRI NT“CAN BOTH SURFACES BE ASPHERIC ?"
3258 INPUT 0$
3260  I F  0$="N0"  THEN 3400
3270 PRINT“ SEIC'EL ABERRATIONS FOR TWO ASPHERICS AND MIN B1+S2+S3+S5 ARE"
3280 LET G = ( L / 2 ) * K * H * H * W / ( 2 * F * F ) + < L / 2 ) * * 2 * K * W * W / F + B * ( L / 2 ) * * 3 * K
3290 '  LET G 3= S 2+ S3+S 5+6 *  A 5
3380  LET G 4 -  S 2 +• S 3 + S 5+G *  A 6
3318  IF  H O I  THEN 3348
3320 LET A 9=< f. S2~ S 3 > /  < 06 *  < G 5 +0 5  *  *  2+ C! 5 *  *  3 ) >
3330  GO TO 3350
3340 LET A 3 = R 5 - ( G 3 * ( R 5 - R 6 ) ) / ( G 3 - G 4 )
3350  LET J 1 = S 1 + ( H * * 4 / ( 4 * F * * 3 ) ) * < M * * 2 * R 5 + K * A 3 ) + Q S * A 9 * 0 7  
3360 LET J 2 = S 1 + < H * * 4 / ( 4 * F * * 3 ) ) * < M * * 2 * A 6 + K * A 3 ) + 0 S * A 9 * & 7  
3378 LET A 4 = A 5 - < J l * < A 5 - A 6 ) ) / ( J 1 - J 2 )
3380  GOSUB 4860  
3398 GO TO 5300
3400 PRINT"SEIDEL ABERRATIONS FOR A SPHERICAL PRIMARY AND MIN 51+5 2+5 3+5 5"  
3410 LET G = < L / 2 ) * K * H * H * W / < 2 * F * F ) + < L / 2 ) * * 2 * K * W * W / F + B * < L / 2 ) * * 3 * K +
K>=( H * * 4 / < 4 * F * * 3 »
3420  LET A4=0
3 4 3 0  LET E1=51+S2+S3+S5+A5*G '

'3 4 4 0  LET E2=51+S2+S3+55+A6*G  
3450 I F  MC>1 THEN 3 4 8 0
3460 LET A9=< - S 1 - S 2 - S 3 ) / <  06* ’< 1 + 6 5 + 0 5 * * 2 + 0 5 * * 3 )  )
3470  GO TO 3490
3480 LET A 3 = A 5 - ( E 1 * ( A 5 - A 6 ) ) / < E 1 - E 2 )
3490  GOSUB 4860  
3500 GO TO 5380
3510 PRI NT"SEIDEL ABERRATIONS FOR A PARABOLIC PRIMARY AND MIN S1+52+S3+S5 " 
3520 LET G = < L / 2 > * K * H * H * M A ' 2 * F * F ) +<L / 2 ) * * 2 * K * W * W / F + B * < L / 2 ) * * 2 * K + .  
X * < H * * 4 / < 4 * F * * 3 »
3530  LET A 4 = - l
3540  LET E 1 = S 1 + S 2 + S 3 + S 5 - < H * * 4 / < 4 * F * * 3 ) ) * M * * 3 + A 5 * G
3550 LET E 2 = S l + S 2 + S 3 + S 5 - < H * * 4 / < 4 * F * * 3 ) ) * M * f = 3 + A 6 * G
3568 LET A 9 = ( - S 2 - S 3 ) / ( Q S * < 1 + Q 5 + Q 5 * * 2 + Q 5 * * 3 ) )
3570  GO TO 3590
3588 A 3 = A 5 - < E 1 * < A 5 - A 6 ) ) / ( E i - E 2 )
3590 GOSUB 4860  
5 6 8 0  GO TO 5300
3610 PRINT"WHICH THREE ABERRATIONS MINIMIZED? DENOTE S1+52+S2 BY 1 , "
3620  PRINT"S1+S2+S5 BY 2 , 5 2 + 5 3 + 5 5  BY 3, S1+S3+S5 BY 4"
3.630 INPUT P
3640 PRINT"DO YOU WANT THE PRIMARY PARABOLIC ?“
3650  INPUT 0$
3660  I F  P=2 THEN 4330  
3678 I F  0 $ = “YES" THEN 3890
3680 PRINT"CAN BOTH SURFACES BE ASPHERIC ?"
3690 INPUT 0$
3700 I F  0 4 = "NO" THEN 3750  
3710 IF  P=4 THEN 4480  
3720 IF  P=2 THEN 4218  
3730 IF  P=1 THEN 4890  
3740 GO TO 5300  
3750 I F  P=4 THEN 4730
3760 IF  P=2 THEN 4600  ,
3770  PRINT"5EIDEL ABERRATIONS FOR A SPHERICAL PRIMARY AND MIN 51+S2+S3 ARE" 
3788 LET A4=0
3790 LET E l = S l + S 2 + 5 3 + A l * < K * H * * 4 / < 4 * F * * 3 ) + < L / 2 ) * K * H * H 4 W / ( 2 * F * F ) +  

( L / 2 > * * 2 * K * W * W / F )
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3880  LET E 2 = S l + 5 2 + S 3 + A 2 * ( K * H * * 4 / ( 4 * F * * 3 ) + ( L / 2 > * K * H * H * W / < 2 * F * F > +
< L / 2 ) * * 2 * K * W * W / F )  '

3818  I F  M O l  THEM 2850
3820 LET ft9=<- 5 1 - 5 2 - 5 3 ) / < G 6 * < l + Q 5 + e 5 * * 2 ) >
3820  I F  O F - “NO“ THEM 28F0
3840 LET A9 = <- 5 2 - 5 3 ) v‘<Q6*< 1 > 0 5 * Q 5 * * 2 ) )
3850  I F  0$=s“ VE5“ THEN 4050  
3860 LET A 2 = A 1 - E 1 * < A 1 - A 2 ) / < E 1 - E 2 )
3 8 ?0 GOSUB 4860  
3888 GO TO 5280  
2898  LET A 4 = - i  
3900  I F  P=4 THEN 3930  
2910 I F  P=2 THEM 2988  
3920 I F  P - i  THEN 4020
3930 PRINT**SEIDEL ABERRATIONS FOR A PARABOLIC PRIMARY AND MIN S1+52»S5 ARE" 
3940  GO TO 4750
3950 LET E l = E l - < H * * 4 / < 4 * F * * 3 > > * H * * 2  
3960 LET E 2 - E 2 - < H * * = 4 / < 4 * F * * 3 ) ) * M * * 3  
3970 GO TO 4820
2980 PRINT“5EIDEL ABERRATIONS FOR A PARABOLIC PRIMARY AND MIN S1+S2+S5 ARE"
3998 GO TO 4620
4000 LET E l = E l - < H * * . 4 / < 4 * F * * 3 > )
4010  LET E 2 = E 2 - ( H * * 4 / ( 4 * F * * 3 ) ) * M * * 3  
4020 GO TO 4690
4020 PRIN:T “SEIDEL ABERRATIONS FOR A PARABOLIC PRIMARY AND MIN S1+S2+S3 ARE" 
4040 GO TO 2790
4058 LET E l = E l - < H * * 4 / < 4 * F * * 2 ) ) « M * # 3  
4 8 6 8  LET E 2 = E 2 - ( H * * 4 / ( 4 * F * * 3 ) ) * M * * 3
4870  I F  11=1 THEN 3 8 7 8  '
4080 60 TO 2860
4090 PRINT-SEIDEL ABERRATIONS FOR TWO ASPHERICS AND MIN 51 + 5 2 + 5 3  ARE"
4100 LET B 1 = S 2 + S 3 + A 1 * ( < L / 2 ) # K * H * H * W / < 2 * F * F ) + ( L / 2 > * * 2 * K * W * N / F >
4110 LET B 2 = S 2 + S 3 + A 2 * ( ( L / 2 ) * K $ H * H * W / ( 2 * F * F > + < L / 2 > * * 2 * K * W * W / F >
4120 I F  M O l  THEN 4150
4120  LET A9 = ( - 5 2 - S 3 ) / < Q6 * < Q5+6 5 * * 2 ) )
4140  GO TO 4160
4158 LET A 3 = A l - < B i * - < A 1 - A 2 ) ) 7<B1-B2>
4160 LET E 1 = 5 1 + ( H * * 4 / ( 4 * F * * 2 ) ) * < M * * 2 * A 5 + K * R 3 ) + Q 6 * A 9 * Q 7  
4170 LET E 2 = 5 1 + ( H * * 4 / ( 4 * F * * 3 ) ) * ( M * * 2 * A S + K * A 3 ) + Q S * R 9 * G 7  
4180 LET A 4 = B 5-<£ l * t= C A 5-H 6 ) ) / <E l -E 2>
4190 G05UB 4860  
4200 GO TO 5200
4 2 1 0  PRI NT"SEIDEL ABERRATIONS FOR TWO ASPHERICS AND MIN S1+S2+S5 ARE”
4220  LET B 1 = S 2 + S 5 + A 5 * < < L / 2 > * K * H * H * W / < 2 * F * F > + B * < L / 2 > * * 2 * K >
4220 LET B 2 = 5 2 + S 5 + A 6 * < ( L / 2 ) * K * H * H * W / < 2 * F * F ) + B < = < L 7 2 ) * * 3 * K >
4240 I F  M O l  THEN 4 2 7 0
42 50  LET A 9 = - 5 2 7 ( Q 6 * < 0 5 + 6 5 * * 3 ) >
4260  GO TO 4280
4270 LET A 2 =A 5-<B 1+< R 5-A 6 ) ) / < B1 -B2)
4280  LET E 1 = S 1 + < H * * = 4 / < 4 * F * * : 3 ) ) * < M * * 2 * H 1 + K * A 2 ) + 6 6 * 8 9 * 6 7  
4290 LET E 2 = 5 1 + ( H * * 4 Z < 4 * F * * 3 ) ) * < M * * 2 * A 2 + K * A 2 ) + 6 6 * 0 9 * 6 7  
4300 LET A 4 = R 1 - ( E 1 * < A 1 - R 2 ) > / < E 1 - E 2 )
4210  GOSUB 4860
4220 GO TO 5200
4330 LET A 4 = - l
4340  I F  0 $ = " YES” THEN 4 2 8 0
4350 LET 84=0
4360 P R I N t ”SEIDEL ABERRATIONS FOR A SPHERICAL PRIMARY AND MIN S2+S2+S5 ARE"
4270 GO TO 4290
4380 PRINT"SEIDEL ABERRATIONS FOR A PARABOLIC PRIMARY AND MIN S2+52+S5 ARE"
4390 LET G = ( L / 2 ) * K * H * H * W / ( 2 * F * F ) + < L / 2 ) * * 2 * K * W * W / F + B * ( L / 2 ) * * 2 * K
4480 LET Gl=S2+S3+55+G*A5
4410 LET G2=S2 + 5 3 + 5 5 + 6 * 8 6
4420  I F  M O l  THEN 4450
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4430 LET n 9 = ( - 5 2 - S 3 ) / ( Q 6 * ( Q 5 + Q 5 * * 2 + Q 5 * * 3 ) )
4448  GO TO 4460
4450 LET A 3 = A 5 - ( G 1 * ( A 5 - R 6 ) ) / ( G 1 - G 2 )
4460 GOSUB 4860  
4470 GO TO 5300
4480 PRINT"SEIDEL ABERRATIONS FOR TWO RSPHERICS AND MIN 51+S3+S5 ARE"
4490 LET B1=S3+S5+A5* ( ( L / 2 ) * * 2 * K * W * W / F + B * < L / 2 ) * * 3 * K )
4500  LET B 2 = S 3 + S 5 + R 6 * ( ( L / 2 ) * * 2 * K * W * W / F + B * < L / 2 > * * 3 * K )
4510  IF  M O l  THEN 4548
4520 LET R 9 = - 5 3 / ( Q 6 * ( Q 5 * * 2 + Q 5 * * 3 > )
4530  GO. TO 4558
4540 LET R 3 = A 5 - ( B 1 * ( R 5 - A 6 ) ) / < B 1 - B 2 )
4550  LET E 1 = S 1 + ( H * * 4 / ( 4 * F * * 3 ) ) * ( M * * S * R 1 + K * R 3 ) + Q S * B 9 * Q 7  
4560 LET E 2 = S 1 + < H * * 4 / ( 4 * F * * 3 ) ) * < M * * 3 * A 2 + K * A 3 ) + Q 6 * A 9 * 0 7  
4576 LET A 4 = A 5 ^ ( E 1 * ( A 5 - A 6 ) ) / < E 1 - E 2 )
4580  GOSUB 4860  
4590 GO TO 5300
4600 PRINT"SEIDEL ABERRATIONS FOR A SPHERICAL PRIMARY AND MIN S1+S2+S5 ARE" 
4610 LET A4=0
4620 LET E i = S l + S 2 + S 5 + R 5 * ( K * H * * 4 / ( 4 * F * * 3 ) + ( L / 2 ) * K * H * H * W / < 2 * F * F ) + B * < L / 2 > * * 3 * K )
4630  LET E 2 = S 1 + S 2 + S 5 + A S * < K * H * * 4 / < 4 * F * * 3 ) + < L / 2 ) * K * H * H * W / < 2 * F * F ) + B * ( L / 2 ) * * 3 * K )
4640 I F  M O l  THEN 4688
4658 LET R 9 = ( - S l - S 2 ) / ( O S * ( l + G 5 + Q 5 * * 3 ) )
4668 IF  0 4 = “ NO" THEN 4710  .
4670  LET R 9 » - S 2 / < G 6 * < 1 + 0 5 + 0 5 * * 3 ) )
4680 .  IF  0 4 = “ YES" THEN 4000
4690 IF  M=1 THEN 4718
4700 LET A 3 = R 5 - ( E l * < A 5 - A 6 ) ) / < E l - E 2 >
4710 GOSUB 4860  
4720 GO TO 5308
4730 PRINT“ SEIDEL ABERRATIONS FOR A SPHERICAL PRIMARY AND MIN S1+S3+S5 ARE" 
474 0  LET 04=0
4750 LET E i = S l + S 3 + S 5 + A 5 * ( K * H * * 4 / ( 4 * F * * 3 ) + ( L / 2 ) * * 2 * K * W * W / F + B * < L / 2 ) * * 3 * K )
4760  LET E 2 = S 1 + S 3 + S 5 + A 6 * ( K * H * * 4 / < 4 * F * * 3 ) + ( L / 2 ) * * 2 * K * W * W / F + B * ( L / 2 ) * * 3 * K )
4770  IF  M O l  THEN 4810
4788 LET R 9 = < - S l - S 3 ) / ( Q 6 * < l + B 5 * * 2 + 0 5 * * 3 ) )
4790  I F  0 4 = "NO" THEN 4848
4800 LET A 9 = -  S 3 /  < Q 6 *  < 1 H! 5 *  *  2 H! 5 *  *  3 > >

,4818 I F  0 4 = “ YES" THEN 3950  
4828 IF  M=1 THEN 4848  
4838 LET A3=A5-< E l * :< fi5-flS> ) / < £ l - £ 2 >
4840 GOSUB 4868  
4850 GO TO 5380
4860 LET S 1 = S 1 + < H * * 4 / ( 4 * F * 4 3 ) ) * < M * * 3 * A 4 + K * A 3 ) + Q 6 * A 9 * Q 7  
4878 PRINT"CONIC CON.1 " , "CONIC CON. 2 " , "ASPHERIC CON. 2"
4880  PRINT 8 4 , A 3 , A9
4890 P R I N T " S 1 " , " S 2 " , " S 3 " , " S 4 " , " S 5 "
4900 LET S 2 = S 2 + < H * H * W / < 2 * F * F ) ) * < L / 2 ) * K * R 3 + Q 5 * Q S * A 9  
4916 LET S 3 = S 3 + < W * W / F ) * ( L / 2 ) * * 2 * K * R 3 + Q 5 * * 2 * Q S * A 9  
4928 LET S 5 = S 5 4 B * ( L / 2 ) * * 3 * K * R 2 + Q 5 * * 3 * Q & * A 9  
4930 PRINT 5 1 , 5 2 , S 3 ,  S4, S5 
4940 RETURN
4958 DIM V<25 ) ,  U<2 5) ,  Z < 2 5 ) , V < 2 5 )
4960  FOR 1=1 TO 5 
4970 LET C < I > = T ( I ) = 0 .
4988  LET N ( I ) = 1  
4990 NEXT I
5000  LET Z ( 1 ) = - D * 1 E 1 0 / F  
5010 LET Z ( 2 ) = Y ( 1 ) = 0  
5020 LET T ( 1 ) = 1 E 1 0  
5030 LET Y (2 )= H
5040 PRINT "SURF","CURVATURE", " INDEX", "THICKNESS"
5 0 5 0  FOR 1=1 TO 5
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5060 LET C < 3 )= C i
5070  LET C (4 )= C 2
5080 LET T < 2 )= 0
5090  LET N < 2 > = r l
5100  LET T ( 3 ) = - D 1
5110 LET T <4> =D2
5120 PRINT 1 - 1 , C < I ) ,  N < I> ,  T ( I )
5130  NEXT I
5140  PRINT "SURF","AXIAL V " , “ AXIAL Uu, “CHIEF V " ," C H IE F  U"
5150  LET U < 1 ) = Y ( 2 ) / T < 1 )
5160  LET V<1> = <Z < 2 ) - 2 < 1 ) ) / T<1)
5170 PRINT 0 , V < 1 > , U ( l > , Z < 1 ) , V < 1 )
5180  FOR 1=1 TO 5
5190  IF  N<I + 1> = 0  THEN 5210
5200 LET X = N ( I ) / N ( I + 1 )
5218  LET Y < I + 1 ) = Y ( I ) + T ( I ) * U < I )
5220  LET Z ( I + 1 ) = Z ( I ) + T ( I ) * ' V ( I )  ,
5230  IF  N < I + 1 ) = 0  THEN 5280
5248 LET U< I  +1)=X*U< I  ) - ( l - X ) * Y <  I+1)*C:.(  1+1)
5250  LET V ( I + 1 ) = K * V ( I ) - ( 1 - X ) * Z ( I + 1 ) * C ( I + 1 )
5260  PRINT I , Y<1 + 1 ) , U < I + 1 ) , Z < I + 1 ) , V<1+1)
5270  NEXT I
5280  PRINT I , Y ( I + 1 ) , U ( I ) , Z < I + 1 ) , V ( I )
5298  RETURN '
5300  PRINT"DO YOU WANT A DIFFERENT COMBINATION OF ABERRATIONS MINIMIZED ?" 
5310 INPUT 0$
5320  I F  0$="N0" THEN 5360  
5330 LET A4=A3=A9=0 
5340 LET J=1  
5350 GO TO 576
5560  PRI NT“ DO YOU WANT ANY OF THE STARTING VALUES < H , F , M , L , D )  CHANGED ? “ 
5370 INPUT 0$
5380  I F  0$="YES" THEN 30
5390  LET E 1 = G 1 * H * H / ( 1 + S G R ( 1 - ( 1 + A 4 ) * C 1 * C 1 * H * H ) )
5400 PRINT"THE TOTAL SURFACE DEPTH AT THE EDGE OF THE PRIMARY I S " ; E l  
5 410 L E T E 2= E1 -  C1 *  H *  H /  < 1 + S M 1 < 1 -  C !  *  € 1 *  H *  H ) )
5420  PRIMT"THE ASPHERIC DEPTH AT THE EDGE OF THE PRIMARY I S " ,  E2 
5430 I F  C2=0 THEN 5490
5440 LET E3 = C2 * R* R/ < 1 + S0 R<1- ( .  1+ A3 ) * C2 * C2 * R* R>)
5450  PRINT"THE TOTAL SURFACE DEPTH AT THE EDGE OF THE SECONDARY I S ” ,E 3  
5460 LET E 4 = E 3 - C 2 * R * R / ( 1 + S Q R ( 1 - G 2 * C 2 * R * R ) )
5470  PRINT"THE ASPHERIC DEPTH AT THE EDGE OF THE SECONDARY I S " , E 4  
5480 GO TO 5510  
5490 LET E 5= A 9*R * *4
5500  PRINT"THE TOTAL SURFACE DEPTH AT THE EDGE OF THE SECONDARY IS " ,  E5 
5510 LET J l = 2 . 5
5520  LET U = D + < ( D 2 - D 1 ) * ( R - D ) ) / D 2
5530  PRINT"THE INSIDE RADIUS OF THE PRIMARY I S " , U
5540 PR I NT"THE VERTEX THICKNESS OF THE PRIMARY I S " , H / 1 6
5550  PRINT"THE VERTEX THICKNESS OF THE SECONDARY IS " ,  R /1 8
5560  LET V 1 = < C 1 * H * * 4 * 3 . 1 4 1 5 9 3 / 4 ) * < 1 + 9 * H * H * C 1 * C 1 * ( 1 + R 4 ) / 1 S + 9 * H * * 4 * C 1 * * 4 *
( l + A 4 ) * * 2 / 3 2 )
5570  LET V 2 = 3 . 1 4 1 5 9 3 * H * * 3 / 1 0
5580  LET V3 = ( C 1 * U * * 4 * 3 .  1 4 1 5 9 3 / 4 ) * <1 +9 * U *L H C 1- nC1 * (  1 + A 4 ) / 1 6 + 9 * H * * 4 * C 1 * * 4 < =  

( ( l + A 4 ) * * 2 / 3 2 )
5590  LET V 4 = 3 . 1 4 1 5 9 3 * 0 * * 3 / 1 0
5600  LET V5 = < C 2 * R * * 4 * 3 .  1 4 1 5 9 3 / 4 ) * ( 1  + 9 * R * R * C 2 * C 2 * ( 1 + R 3 ) / 1 S + 9 * R * * 4 * C 2 * * 4 *  

( l + R 3 ) * * 2 / 3 2 )
5 6 1 0  LET P 2 = - 3 * E l / 8  
5620 LET P 3 = - 5 * E 3 / 8
5630 LET P£!= < V2 -V 4 )  * H / 2 8  + < P2 + H/10> *< V 1 - V 3 )  + < D1+H/10+P3)  *V5  
5640 LET P l  = P8 + <D1 + H /1 0  + E 3 + R / 2 8 ) *3.  1 4 1 5 9 3 * R * * 3 / 1 0  
5650 LET P 4 = P 1 / ( V 1 + V 2 - V 3 - V 4 + V 5 )
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5660 PEI NT“THE CENTER OF MASS AS MEASURED FROM THE REAR OF THE"5670 PRINT-PRIMARV ALONG THE OPTIC AXIS IS ", F'4
5680 PR I NT"DENOTE THE UNITS ON THE INPUT VALUES: INCHES BY 2. 54,"
5698 PRINT"MILLIMETERS BY 0.1,CENTIMETERS BY 1, METERS BY 100"5700 INPUT 2
5710 LET P5=J1*Z**2*<V1+V2-V2-V4+V5)
5728 PRINT "THE TOTAL WEIGHT IN GRAMS IS", F'5 
5720 LET P9 = <V2-V4>*<P4-H/20>**2 + <Vl-V2:>*<P4^H/18-P2>**2 + V5*<D1+P2+H/10-P4)**2 
5740 LET p6 = P9+<2: 141593*R**2/10)*<Dl + H/10+E3 + R/20-P4)**2 5750 LET P7=P6*J1*Z**3
5768 PRINT"THE MOMENT OF INERTIA (IN GM. <UNITS)**2)FOR THE SYSTEM IS",P7 
5770 PRINT"DO YOU WANT TO RUN THIS CASSEGRAlN ON AC0S5 ?"
5780 INPUT Of .5790 IF OS="NO" THEN 6270 
5800 PRINT“GIVE THE LENS A NAME"
5810 INPUT Af
5826 F ILER1,"ACOS5.CDC"
5820 SCRATCH#!
5 8 4 0  P R I N T t l ,  ‘ ZDR 8,8 N9 7 8 2 7 6 2 X,CH7 6 8 8 8 , T12 , RS12. °5856 PRINT#!,"ATTflCH(MflCEO,MACROPl,ID=MIT6H)'5866 PR I NT# 1, 'RTTACHdENLIB, LENLISF1, ID^HITCHI"
5870 PRINT#!, ̂ ATTACH<A COSLIS/flCOSL!8,ID = flITCH>- 
5880 PRINT#!,'LIBRARY!ACOSLIBI'
5890 PRINT#! ,"ROOT.  0
5960  PRINT#.! ,  "CALL T 0 0 E C ( J 0 B = 20 R 0,. R P N = f  6 X X X, X X X X X $, P H = A A A A A > °
5910 PRINT#!,"KILL.°5920 PRINT#!,CHRf(267 5926 PRINT#!,"CSS NOSAVE"
5940 PRINT#!,"TRAP ON" .
5950 P R IN T # ! , "C S S  ECHO"
5960 PRINT#!,"LENS”5970 PRINT#!, “LI, "iAf 
5980 PRINT#!, “SAY, "fH 5990 PRINT#!,"SCY, Z<!>
6000 PRINT#!, "TH,";T<1)
6010 PRINT#!, "AIR"6020 PRINT#!, "AIR"6630 PRINT#!,"COBS,";R 6040 PRINT#!,"ASTOP EN"
6650 PRINT#!, "REFS"6860 PRINT#!, "CV, Cl 6076 PRINT#!, "CC, A4 
6080 PRINT#!,"TH, -D1 
6090 PRINT#!,"REFL"
6100 PRINT#!,“C V , C 2  6116 PRINT#!, "CC, "iA2 
6128 PRINT#!, "ASPH, A9 
6130 PRINT#!, "TH, D2 
6140 PRINT#!,"REFL"
6150 PRINT#!,"PY,"i0 
6160 PRINT#!,"AIR"6178 PRINT#!,"EOS"
6180 PRINT#!,"OCDY"
6196 PRINT#!,"PXTV ALL"6200 PRINT#!, "MAB3 ALL"
6210 PRINT#!, "LEND"
6226 PRINT#!,"EXIT"6238 PRINT#!,CHRf(26)6240 PRI NT"TYPE THE COMMAND ___MOMITOR "
6250 PRINT"THEN TYPE THE COMMAND — TOCDC AC0S5. CDCr”---
6260 PRINT"AND THE AC0S5 OUTPUT WILL BE PLACED IN THE DEC 16 FILE AS OUTPUT" 
6270 END



APPENDIX B

SECOND DESIGN RUN

This  is the run which was used t o  o b ta in  the  va lues f o r  

Tab le  3* I t  is  inc luded f o r  those who may be i n te r e s te d  in  the 

behav io r  o f  o th e r  ap lana t  p r o p e r t i e s  as L is changed.
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15 THE IMAGE HEIGHT? 
IS THE FOCAL LENGTH?

THE UNITS ON THE FOLLOWING CALCULATED VALUES WILL BE THE SAME AS THE UNITS ON YOUR INPUT VALUES 
WHAT IS THE APERTURE HEIGHT?
?56 

WHAT 
7i&

WHAT 
?3 000

WHAT IS THE MAGNIFICATION OF THE SECONDARY ?
?5

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

?. iH
58

1ST POWER 
D. 805 

CURVATURE 
-0. 8025 RADIUS OF 34
54 PETZVAL RADIUS0. 08825 -1000.

1080 
2ND POWER 
-0 .  80S 

1 CURVATURE 
— 8. 083 SECONDARY

n
5

SEPARATION
ss. see?

PRIMARY F#

0. i
B FOCAL DIST 

see. S6? 
SECONDARY 2.45098

IS THE 
?N0 

SURF 
0 
1 
23
4SURF
1
2
3
4
5 

THE 
S i

PETZVAL RADIUS TOO SMALL ?

SEIDEL

INDEX 
1 
i

1 
1AXIAL U
5. 00800E-9 
5.00808E-9
0. 25 
-5.00008E-2 
-5. 00060E-»2 
-5. 80880E-2 

ABERRATIONS FOR BOTH SURFACES 
52 S3

CURVATURE

-0.0025 
-0. 003

8
AXIAL Y 

8
58.
58.
33. 3333 
3,81470E-C 
3. 81470E-S

4. 53125E-2 -0. 003525 2.90880E-4

DENOTE 51+52 BY i, 
5, 53+55 BY 6

HOW MANY ABERRATIONS MINIMIZED :S1,52, 53, 55 
??

WHICH TWO MINIMIZED?
52+53 BY 4, 52+55 BY 

?1
DO YOU WANT THE PRIMARY PARABOLIC ?
?N0
CAN BOTH SURFACES BE ASPHERIC ?
?YE5

SEIDEL ABERRATIONS FOR TWO

18

FD

THICKNESS
1. 0 0 0 0 0 E+10  
0

-5 6 .  666?
666 . 66?
8CHIEF Y 

- 1 0 6 8 0 0 0 0 0  
0 
0
6. 66666?
10
10

SPHERICAL ARE 
54 

0. 8 0 6 2 5

CHIEF U 
0 . 01 
8. 01 

— 0. 81 
8. 814  
8. 814  
O. 014

55
-4.32880E-

51+53 BY 2, 51+55 BY 3

CONIC CON.1 
-1. 16 
Si
-4. 65661E-9 
DO YOU WANT 
?N0 
DO YOU WANT 
?YE5 

WHAT IS THE 
?50

CONIC COW. 2 
-2. 71875 
52
2.91038E-11

.ASPHERICS AND HIM 51+52 
ASPHERIC CON.2 

0 
S3
2 .

ARE

62500E-4
54 
6. 06025

55
-4. 17560E-5A DIFFERENT COMBINATION OF ABERRATIONS MINIMIZED ? 

ANY OF THE STARTING VALUES <H,F,M,L, D) CHANGED ? 
APERTURE HEIGHT?
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WHAT IS THE. IMAGE HEIGHT?
?10

WHAT IS  THE FOCAL LENGTH?
?1000

WHAT IS  THE MAGNIFICATION OF THE SECONDARY ? 
?5

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

?. 2
H F M L D

50 1000 5 . 0. 2 10
1ST POWER 2ND POWER SEPARATION B FOCAL DI ST

0. 005 — 0. 008 100 580
CURVATURE 1 CURVATURE 2 PRIMARY Fit SECONDARY FD
- 0 .  0025 -0 .  004 2 2. 48385
RADIUS OF SECONDARY

26
54 PETZVAL RADIUS

7 . 500 08E-4 - 3 3 3 .  333
IS  THE PETZVAL RADIUS TOO SMALL ?

?NO
SURF CURVATURE INDEX THICKNESS

0 a 1 1. 60800E + 10
1 0 1 8
2 - 0 . 0 0 2 5 - 1 - 1 0 0
3 -0 .  004 1 588
4 0 1 0

SURF AXIAL V AXIAL U CHIEF Y CHIEF U
0 a 5. 0 0 0 8 8 E - 9 - 1 0 0 8 0 0 0 0 8 0. 01
1 ' 50. 5. 0 8 0 8 0 E -9 0 0. 01
2 50, 0. 25 0 - 0 .  01
3 25. -5 .  0 0 0 0 0 E -2 • 1 1, S0800E

. 4 5. 0O679E-6 -5 .  8 8 0 0 8 E- 2 10. 1. 80000E
5 5. 0 0 6 7 9 E -6 -5 .  8 8 0 0 8 E -2 10. 1. 8 8 8 0 8 E

THE SEIDEL ABERRATIONS FOR BOTH SURFACES SPHERICAL ARE
S I 52 S3 54 55

8 . 2 8 1 2 5 E -2 - 0 . 0 0 5 1 2 5 2. 7 0 8 0 0 E -4 7. 500 0 0 E -4 - 9 . 52080E
HOW MANY ABERRATIONS MINIMIZED : S I , 5 2 , S 3 , 55

?2
WHICH TWO MINIMIZED? DENOTE 51 + 52 BY 1', 51+53  BY 2, S l + 5 5  BY 3
52+53 BY 4, S2+B5 BY 5, S3+S5 BY 6

CONIC CON. 1 
- 1 .  08 
51
~ 1 . 8 6 2 S 5 E - 9

?1
DO YOU WANT THE PRIMARY PARABOLIC ?

?NO
CAN BOTH SURFACES BE ASPHERIC ?

?VES
SEIDEL ABERRATIONS FOR TWO ASPHERICS AND MIN S1+S2 ARE

CONIC CON. 2 ASPHERIC CON. 2
-2:  5625 0
52 S3 54 55
-2 .  9 1 0 3 8 E- 1 0  4. 7 5 8 0 0 E -4  7. 50000 E-4  - 8 .  70B00E-5

DO YOU WANT A DIFFERENT COMBINATION OF ABERRATIONS MINIMIZED ?
?NO

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

WHAT IS  THE APERTURE HEIGHT?
?50

WHAT IS  THE IMAGE HEIGHT?
?±0

WHAT IS  THE FOCAL LENGTH?
?1800 .

WHAT IS THE MAGNIFICATION OF THE SECONDARY ?
?5



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

?. 4
H F J M L D

50 1000 5 6. 4 10
1ST POWER 2ND POWER SEPARATION B FOCAL DIST

0. 005 -0 .  612 133. 333 3 3 3 . 3 3 3
CURVATURE 1 CURVATURE 2 PRIMARY F# SECONDARY Fi>
-6 .  0025 -6 .  666 2 2. 31481
RADIUS OF SECONDARY

18
54 PETZVAL RADIUS

0. 00175 - 1 4 2 ,  857
IS  THE PET ZVAL RADIUS TOO SMALL ?

?NO
SURF CURVATURE INDEX THICKNESS

0 0 1 1. 60606E + 10
1 0 1 0
2 - 0 . 0 0 2 5  - 1 - 1 3 3 . 3 3 3
3 -0 .  006 1 333. 333
4 0 1 6

SURF AXIAL Y AXIAL U CHIEF V CHIEF U
0 0 5 . 0 6 6 6 6 E -9 -1 0 0 0 0 0 0 0 8 0. 01
1 50. 5. 6 8 8 0 6 E -9 8 0. 01
2 50. 0. 25 0 - 0 . 0 1
3 16. 6667  -5 .  0 8 0 0 0 E -2 1. 33333 6. 026
4 4. 2 9 1 5 3 £ - 6  -5 .  8 6 6 6 6 E - 2 10 6. 026
5 4. 2 9 1 5 3 E -6  -5 .  6 8 6 6 6 E - 2 16 6. 626

THE SEIDEL ABERRATIONS FOR BOTH SURFACES SPHERICAL ARE
51 52 S3 54 55

0 120313 -0 .  066625  1. 7 0 8 0 0 E -4 0. 06175 - 2 .  30400E
HOW MANY ABERRATIONS MINIMIZED : S 1 , 5 2 , S 3 , 55

?2
WHICH TWO MINIMIZED? DENOTE 51+52 BY 1, 51+53  BY 2, S1+S5 BY 3
52 + 53 BY 4# . 52 + 55 BY 5, 53 + 55 BY 6  

?1
DO YOU WANT THE PRIMARY PARABOLIC ?

?WO
CAN BOTH SURFACES BE ASPHERIC ?

?VES
SEIDEL ABERRATIONS FOR TWO ASPHERICS AND MIN 51+52 ARE 
CONIC CON. 1 CONIC CON. 2 ASPHERIC CON. 2 
- 1 . 0 4  - 2 . 4 8 4 3 8  0
51 52 ' S3 54 55

0 5. 8 2 0 7 7 E- 1 1  7. 0 0 0 0 8 E - 4  0. 00175 -0 .  006188
DO YOU WANT A DIFFERENT COMBINATION OF ABERRATIONS MINIMIZED ?

?NO
DO YOU WANT ANY OF THE STARTING VALUES < H , F , M , L , D )  CHANGED ?

?VE5
WHAT IS  THE APERTURE HEIGHT?

?50
WHAT IS THE IMAGE HEIGHT?

?18
WHAT IS THE FOCAL LENGTH?

?1600
WHAT IS  THE MAGNIFICATION OF THE SECONDARY ?

?5
WHAT IS  THE RATIO OF THE MIRROR SEPARATION TO 
THE IMAGE DISTANCE FROM THE SECONDARY 

?. 6
H F M L D

50 1008 5 0 . 6  10
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1ST POWER 
O. 605 

CURVATURE 1 
-0 .  0025

2ND POWER 
-0 .  016 
CURVATURE 2 
-0 .  008

SEPARATION 
150 

PRIMARY Ffr 
2

B FOCAL DI5T  
250

SECONDARY F#=
2. 25214

RADIUS OF SECONDARY 
14

54 PETZVAL RADIUS
0. 00275 - 9 0 .  9091

IS THE PETZVAL RADIUS TOO SMALL ? 
?NO

CURVATURE 
0 
0

-0 .  0025  
-0 .  008

SURF
0
1
2
3
4

SURF

THICKNESS 
1. 000 00 E+10  
0

- 1 5 0
250
0

CHIEF V 
-100000000 

0 
0
1. 5 
1 0 .
18.

CHIEF U 
0 . 01 
0. 01 

-0 .  01 
3 . 4 00 00E -2  
3. 4 8800 E -2  
3. 40880E-2

- 4 .  0 9208E -4

INDEX 
1
1 

- 1
1

0 1 
AXIAL V AXIAL U

0 0 5 . 0 0 8 0 0 E - 9
1 50. 5. 0 0 0 0 0 E -9
2 50. ' 8. 25
3 1 2 . 5  -5 .  0 0 0 0 0 E -2
4 5 . 3 6 4 4 2 E -6  -5 .  0 0 0 0 0 E -2
5 5 . 3 6 4 4 2 E - 6  - 5 . 00 0 0 0 E -2

THE SEIDEL ABERRATIONS FOR BOTH SURFACES SPHERICAL ARE 
51 52 S3 S4

0 . 1 3 9 0 6 3  - 0 . 0 0 7 3 7 5  ' 4 . 0 0 0 0 0 E - 5  0 . 0 0 2 7 5
HOW MANY ABERRATIONS MINIMIZED : S 1 , S 2 , S 3 , S 5

?2 .
WHICH TWO MINIMIZED? DENOTE S1+S2 BY 1, S1+S3 BY 2, S1+S5 BY 3
52+53 BY 4, S2+S5 BY 5, S3+S5 BY 6 

?1
DO YOU WANT THE PRIMARY PARABOLIC ?

?NO
CAN BOTH SURFACES BE ASPHERIC ?

?VES
SEIDEL ABERRATIONS FOR TWO ASPHERICS AND MIN S1+S2 ARE
CONIC CON. 1 CONIC CON. 2 ASPHERIC CON. 2
- 1 .  02667 -2 .  45833  0
51 52 S3 54 55

1. 3 0 3 8 5 1 - 8  - 1 : 1 6 4 1 5 1 - 1 0  ,9 .  2 5 0 0 0 1 - 4  0. 00275  - 3 .  0 3 0 0 0 1 - 4
DO YOU WANT A DIFFERENT COMBINATION OF ABERRATIONS MINIMIZED ?

?NO
DO YOU WANT ANY OF THE STARTING VALUES < H , F , M , L , D )  CHANGED ?

? YES
WHAT IS THE APERTURE HEIGHT?

?50
WHAT IS  THE IMAGE HEIGHT?
?j8

WHAT IS  THE FOCAL LENGTH?
? 18 8 8

WHAT IS  THE MAGNIFI CAT!ON OF THE SECONDARY ?
?5

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

?. 8
F M L D

5 0 . 8  10
SEPARATION 

168  
PRIMARY F#

2

H
50

1ST POWER 
8. 085 

CURVATURE 1 
-0 .  0825  
RADIUS OF SECONDARY 
11. 6

1000  
2ND POWER 
-8 .  82
CURVATURE 2 
- 0. 01

B FOCAL D2ST 
200

SECONDARY F& 
2. 15517



THICKNESS 
1 . 0 0 0 0 0 6 + 1 0  
0

- 1 6 0
200
0

CHIEF Y
- 1 0 0 0 0 0 0 0 0  

0 
0 
1. 6 
10 .
10.

CHIEF U 
0. 01 
0 . 01 

- 0. 01 
4 . 20000 E-  
4. 20000 E-  
4. 2 0 0 ©CE­

SS
-6 .  223:206-4

54 PET2VHL RADIUS
0. 00275 - 6 6 .  6667

IS  THE PETZVRL RADIUS TOO SMALL ?
?NO

SURF CURVATURE INDEX
0 0 1
1 0 1
2 -0 .  0025 - 1
2 - 0 . 01 1
4 0 i

SURF AXIAL V AXIAL U
0 0 5. 000006  —S
1 50. 5, 0 0 0 0 0 E—3
2  50. 0. 25
2 10. - 5  0 0 0 0 0 E - 2
4 5. 2 4 5 2 I E - 6  -5 .  0 0 0 0 0 E -2
5 5. 2 4 5 2 1 6 - 6  -5 .  0 0 0 0 0 E -2

THE SEIDEL ABERRATIONS FOR BOTH SURFACES SPHERICAL ARE 
S I  S2 S2 S4

0 . 1 5 0 2 1 2  - 7 . 8 2 5 0 0 E - 2  - 1 . 0 2 0 0 0 E - 4  0 . 0 0 2 7 5
HOW MANY ABERRATIONS MINIMIZED : S 1 , 5 2 , 5 2 , 5 5  

?? \
WHICH TWO MINIMIZED? DENOTE 51+52 BY 1, S1+S2 BY 2, 51+55  BY 2
52+52 BY 4, 52+55 BY 5, 52+55 BY 6 

?1 ■ •
DO YOU WANT THE PRIMARY PARABOLIC ?

?NO •
CRN BOTH SURFACES BE ASPHERIC ?

?YES
SEIDEL ABERRATIONS FOR TWO ASPHERICS AND MIN 51+52 ARE 
CONIC CON.1 CONIC CON.2 ASPHERIC CON.2 
- 1 . 0 2  - 2 . 4 4 5 2 1  8
51  52 52 54 55
- 1 . 1 1 7 5 9 E -8  -4 .  6 5 6 6 1 6 - 1 0  1 . 1 5 0 0 0 E - 2  0 . 0 0 2 7 5  - 4 . 2 20 00E -4
DO YOU WANT A DIFFERENT COMBINATION OF ABERRATIONS MINIMIZED ?

?NO
DO YOU WANT ANY OF THE STARTING VALUES < H , F , M , L , D )  CHANGED ?

?YES
WHAT IS THE APERTURE HEIGHT?

?50
WHAT IS  THE IMAGE HEIGHT?
?10

WHAT IS  THE FOCAL LENGTH?
? 1 0 0 0

WHAT IS THE MAGNIFICATION OF THE SECONDARY ?
?5

WHAT IS THE RATIO OF THE MIRROR SEPARATION TO 
THE IMAGE DISTANCE 'FROM THE SECONDARY 

?1
M L D

5 1 10
SEPARATION 

166. 667  
PRIMARY F#

2

1000 
2ND POWER 
-0 .  024 
CURVATURE 2 
- 0 . 012

H
50

1ST POWER 
0 . 0 0 5  

CURVATURE 1 
-0 .  0025  
RADIUS OF SECONDARY 
10

54 PETZVRL RADIUS
0. 00475  -5 2 .  6216

IS THE PETZVRL RADIUS TOO SMALL ? 
?N0

B FOCAL DIST  
166. 667  

SECONDARY F# 
2. 08222

<VI -Cd 
O
J
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SURF
0
1
2
3
4

SURF
8
1
2
3

CURVATURE

5

0
-0 .  0025  
- 0 . 012 

0
AXIAL V 

0
50.
50.
8. 33333  
5 , 9G046E-6  
5. 9604GE-G

THICKMESS 
1. 0 00 0 0 E + 10 
0

-1 6 8 .  667  
166. 667  
0

CHIEF V 
-100000000 

0 
0
1. 66667  
19.
1 0 .

CHIEF U 
0. 01 
0.01 

- 0 .  01 
0. 05 
0. 05 
0. 05

-0. 0009

INDEX 
1 •

1 
- 1  

1 
1

AXIAL U 
5. 0 0 0 0 0 E -9  
5. 0 0 0 0 0 E — 9 
0. 25 

-5 .  0000  0E — 2 
-5 .  0 0 0 0 0 E.— 2 
-5,  0 0 00 0£ — 2

THE SEIDEL ABERRATIONS FOR BOTH SURFACES SPHERICAL ARE 
S i  52 S3 54

0. 157812  - -0 .  000125  -0 .  00 0 2 5  0. 88475
HON MANY ABERRATIONS MINIMIZED : S I , 5 2 , S 3 , 5 5  

?2
WHICH TWO MINIMIZED? DENOTE 51+02 BY 1, 5-1 + 53 BY 2, 51 + 55 BY 3 
52+S3 BY 4, 52+55 BY 5, 53+55  BY 6

?1
DO YOU WANT THE PRIMARY PARABOLIC ?

?NO
CAN BOTH SURFACES BE ASPHERIC ?

? YE 5
SEIDEL ABERRATIONS FOR TWO ASPHERICS AND MIN 51+52 ARE 
CONIC CON. 1 CONIC CON. 2 ASPHERIC CON. 2 
-1 .  816 -2 .  4375 0
S I  52 S3 54 55

8 4. 6 5 6 6 1 E -1 0  1. 3 7 5 0 0 E - 3  0. 88475  -5 .  75 000E -4
DO YOU WANT A DIFFERENT COMBINATION OF ABERRATIONS MINIMIZED ?

?NO
DO YOU WANT ANY OF THE STARTING VALUES < H , F , M , L ,  D) CHANGED ?

?VES
WHAT IS  THE APERTURE HEIGHT?

?58
WHAT IS THE IMAGE HEIGHT?

? 10
WHAT IS  THE FOCAL LENGTH?

? 1 000
WHAT IS  THE MAGNIFICATION OF THE SECONDARY ?

?5
WHAT IS  THE RATIO OF THE MIRROR SEPARATION TO 
THE IMAGE DISTANCE FROM THE SECONDARY 

?1. 2
F
1000 

2ND POWER 
-8 .  028  
CURVATURE J 
-8 .  014

M
5

SEPARATION 
171. 429  

PRIMARY FS

H
58

1ST POWER 
0. 085 

CURVATURE 1 
-0 .  0025  
RADIUS OF SECONDARY 

8, 85714
54 PETZVAL RADIUS

0. 80575  -4 3 .  4783
IS  THE PETZVAL RADIUS TOO SMALL ? 

?N0
SURF CURVATURE INDEX

0 0 1
1 0 1
2 -8 .  8025 - 1
3 -0 .  014 1
4 0 1

1. 2
B FOCAL DIST  

1 4 2 . 8 5 7  
SECONDARY F# 

2. 01613

10

THICKNESS 
1. 00000E+10  
0

-1 7 1 .  429  
142. 857



SURF AXIAL V
0 0
1 50.
2 50.
3 7. 14286
4 4. 47035.E-6
5 4. 4 7 0 3 5 E -6

7HE SEIDEL ABERRATIONS FOR 
S I  52

0. 16317  -8 .  3 3 9 2 9 6 - 3
HOW MANY ABERRATIONS MINIMIZED  

?2
WHICH TWO MINIMIZED? DENOTE S1+S2 BY 
S2+S3 BY 4, 52+55  BY 5, 53+55 BY 6

DO YOU WANT THE PRIMARY PARABOLIC ? 
?NO

CAN BOTH 5URF.ACE5 BE ASPHERIC ?
?YES

SEIDEL ABERRATIONS FOR TWO

AXIAL U CHIEF V CHIEF U
5 . 0 0 0 0 0 E - 9  . -1 0 0 0 0 0 0 0 0  0. 01
5. 0 0 0 0 0 E - 9  0 0. 01
0. 25 0 -0 .  01

-5 .  0 0 0 0 0 E—2 1. 71429 8. 058
- 5 . 0 0 0 0 0 E - 2  10. 0 . 0 5 8
-5.  0 0 0 0 0 £ - 2  10. 0 . 0 5 8  •

BOTH SURFACES SPHERICAL ARE 
S3 54 55
-4 ,  0 1 4 2 9 E - 4  0. 00575  - 1 .  21234E

:51 ,  5 2 , S 3 ,  55

1, 51+53 BY 2, 51+55  BY 3

CONIC CON. 2, 
-2 .  43229  
52
-4.* 6 5 6 6 1 E - 10

CONIC CON.1 
- 1 .  01333  
51 

0
DO YOU WANT 

?NO 
DO YOU WANT 

?VE5
WHAT IS THE APERTURE HEIGHT?

?58 
WHAT 
?10 

WHAT

ASPHERICS AND II IN 
ASPHERIC CON.2 

0
S3 54

1. 600B0E -3  0.

51+52  ARE

55
- 7 . 32000E

A DIFFERENT COMBINATION OF ABERRATIONS MINIMIZED ? 

ANY OF THE STARTING VALUES < H , F , M , L , 0 )  CHANGED ?

IS  THE IMAGE HEIGHT?

FOCAL LENGTH?

MAGNIFICATION OF THE SECONDARY ?

IS  THE 
?d08O 

WHAT IS . THE  
?5

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

?1. 4
F
1000 

2ND POWER 
-3 .  2 0 0 0 0 E -2  

1 CURVATURE 2 
- 1 . 6 0 0 0 8 E -2  

SECONDARY

M
5

SEPARATION 
175  

PRIMARY FS 
2

H
58

1ST POWER 
8. 005  

CURVATURE 
-8 .  0825  
RADIUS OF 

8 .
54 PETZVAL RADIUS

6. 7 5 8 0 0 E- 3  -3 7 .  037
IS  THE PETZVAL RADIUS TOO SMALL ? 

?N0
SURF CURVATURE INDEX

8 8 t
1 8  1
2 -0 .  8825 - 1
3 -1 .  6 0 0 0 0 E -2  1
4 0 1

1. 4
B FOCAL DIST  

125. 
SECONDARY 

1. 95312

\±0

Ffc

THICKNESS 
1. 0 0 0 8 0 E+ 10 
0

- 1 7 5
125.
0
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SURF AXIAL V AXIAL U C H I E F  V CHIEF U
0 0 5. 0 0 0 0 0 E -9 ~100000000 0. 01
1 50. 5- 0 0 0 0 0 E — 9 0 0 . 0 1
2 58. 0. 25 0 -0 .  01
3 6. 25 - 5 . 0 0 8 0 0 E -2 1. 75 0. 066
4 4. 7S837 E-6 -5 .  0 0 0 0 8 E — 2 10 0. 066
5 4. 76 8 3 7 E -6 -5 .  0 0 0 0 0 E - 2 10 0. 066

THE SEIDEL ABERRATIONS FOR BOTH SURFACES SPHERICAL ARE
S i 52 S3 54 55

0. 167188 -0 .  0085 - 5 . 55080E^4 6 . 7 5 0 0 8 E - 3 -1 .  5 6 9 4 O E
HOW MANY ABERRATIONS MINIMI ZED :S1, S2, S3, 55

DENOTE 514-52 BY 
5, 53+55  BY 6

?2
WHICH TWO MINIMIZED?
52+53 BY 4, 52+55 BY

?1
DO YOU WANT THE PRIMARY PARABOLIC ? 

?NO
CAN BOTH SURFACES BE ASPHERIC ?

? V E 5
5FIDEL ABERRATIONS FOR TWO A5PHERIC5

l i  51 + 53 BY 2, 51 + 55 BY 3

AND MIN 
CON. 2

51+52 ARE

54
6. 7500OE-3

55
- 9 . 830O0E-4

CONIC CON. 1 CONIC CON. 2 ASPHERIC 
- 1 . 0 1 1 4 3  - 2 . 4 2 8 5 7  0

,51 52 S3
0 5. 8 2 8 7 7 E - 1 0  1. 82500E

DO YOU WANT A DIFFERENT.COMBINATION OF ABERRATIONS MINIMIZED ?
?NO 

DO YOU WANT 
?NO

7 HE TOTAL SURFACE OEPTH AT THE 
THE ASPHERIC DEPTH AT THE EDGE 
7 HE TOTAL SURFACE DEPTH AT THE 
THE ASPHERIC DEPTH AT THE EDGE 
THE INSIDE RADIUS OF THE PRIMARY IS  
THE VERTEX THICKNESS OF THE PRIMARY

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

, «  -EDGE OF THE PRIMARY 
OF THE PRIMARY IS  
EDGE OF THE SECONDARY 
OF THE SECONDARY IS  

18. 8 
IS  5

IS

- 3 .  12486  
1 . 2 4428 E -2  

-0 .  509039  
5. 07589 E-3

THE VERTEX 
THE CENTER

THICKNESS OF THE SECONDARY IS  0. 
OF MASS AS MEASURED FROM THE REAR

8
OF THE

1. 55733  
INCHES BY 2 . 5 4 ,  

METERS BY 100

PRIMARY ALONG THE OPTIC AXIS IS  
DENOTE THE UNITS ON THE INPUT VALUES:
MILLIMETERS BY 8. 1 , CENTIMETERS BY 1,

?±
THE TOTAL WEIGHT IN GRAMS IS  6 6 4 4 8 . 6
THE MOMENT OF INERTIA ( I N  GM. <U NITS) * * 2>F OR THE SYSTEM IS  

8. 16476E + 6
DO YOU WANT TO RUN THIS CASSEGRAIN ON ACOS5 ?

?NO



APPENDIX C 

CALCULATION OF PHYSICAL PARAMETERS 

In F ig .  16, the upper boundary is g iven by:

2 =
1

"H+kT
1 -  (1 -  ( I+K) c 2 ( x 2 + y 2) ) (12)

where K is the con ic  c ons tan t ,  and c is the c u r v a t u r e . The lower

boundary i s :  z = 0, and the s ide  boundary i s :  x 2 + y 2 = H2

The volume is then

H (H2- y 2) 5

V = 4

0 0

z = (12)

F i g . 16. Volume under Aspher ic .
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Using the expansion in z:

we ge t :

V = 4

H (H - y  ) 2
c ( x 2+y2) ( H K ) c 3 (x2+ y 2) 2

' 2.   8
0 0

^  3 d + K ) -+ dx dy

E va lua t ing  t h i s  i n t e g r a l  using the  s u b s t i t u t i o n s :  y = H s in  0,

dy = H cos9 d9, (H2- y 2) 2 = H cos 0, v a r iou s  t r i g o n o m e t r i c  m u l t i a n g le

i d e n t i t i e s ,  and the  i n d e f i n i t e  i n t e g r a l  t a b le s  in v o l v i n g  (a? -x2) 2 we

end up w i t h :

„  _ cH4tt , 9H6 ( l+K) c3tt , 9 ( 1+K) 2c5H8ir
V -  — z r  +  6 4 "  +  128 ~

C e n t rp?d Approx imat ions 

The v e r te x  th ickne ss  o f  the  m i r r o r  i s  i t s  h e ig h t  d i v id e d  by ten, 

The c e n t r o id  o f  the asphe r ic  p o r t i o n  o f  the pr imary  m i r r o r  is located 

(3 /8 )  o f  the  t o t a l  su r fa ce  depth (E l)  f rom the v e r te x  o f  the  s u r fa ce .  

The c e n t r o id  o f  the  asphe r ic  p o r t i o n  o f  the  secondary m i r r o r  is loca ted  

(5 /8 )  o f  the  t o t a l  su r face  depth (E3) f rom the v e r te x  o f  the s u r face .

See F i g . 16 f o r  an e x p la n a t io n  o f  the  q u a n t i t i e s  used in statement 5650 

o f  the  program ( the  c en te r  o f  mass c a l c u l a t i o n ) .  See F i g . 17 f o r  the 

s ign  convent ion f o r  the  t o t a l  and as p h e r ic  depths.



P r im a ry

Secondary

R/10

El ^ »
A. E l+H/1 0

Fig .  17. Phys ica l  Dimensions.

E4 Aspher ic  Depth

Secondary 
M i r r o r

Spher ica l  Depth— ^

Sign Convent ion 
( - ) <  ^ (+)

Tota l  Depth

Pr imary 
M i r r o r

F i g . 18. A s p h e r i c  Depths.
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