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Ref lec t ive  b a f f l e s  a r e  proposed t o  reject off-axis  l i g h t  en t e r ing  ii te lekcope.  
Toro ida l  su r f aces  and adjacent  cones are pos i t ioned  s o  t h a t  of f -ax is  rqr; &wke mult i -  
p l e  r e f l e c t i o n s  between those two sur faces .  Meridional rays are ref lec t&;  a;>proxi- 
m t e l y  p a r g l l e l  t o  t h e  en t e r ing  d i r ec t ion .  Skew r a y s  a r e  r e f l e c t e d  obl ique ly ,  but 
l e a v e  the t e l e scope  aper ture .  The range of i n c i d e n t  angles  f o r  which t h e s e  r e f l e c -  
t i o n s  a r e  obta ined  i s  approximately 45'. A system i s  descr ibed t h a t  i s  designed 
s p e c i f i c a l l y  f o r  t h e  Space S h u t t l e  In f r a red  Telescope F a c i l i t y  (STRTF). Because of 
i t s  r e f l e c t i v e  p r o p e r t i e s ,  the proposed b a f f l e  systam r e j e c t s  about 90" of the h e a t  
l o a d  from the SIRTF sunshade t h a t  would be absorbed i n  systems of convent ional  b l ack  
baf  E11:s. 

INTRODUCTION 

Telescopes s e r v e  t o  coacen t r a t e  l i g h t  an  d e t e c t o r s  such as photometers, 
spectrometers ,  bolometers,  e t c .  Incoming light from sources out  of t h e  f i e l d  of view 
can  degrade the quality of t h e  desired image, i f  such of f -ax is  l i g h t  i s  no t  s u i t a b l y  
intercepted. 

Baffles f u r  te lescopes  operating i n  the  v i s i b l e - l i g h t  wavelength reg ion  a r e  
coa t ed  with " o p t i k a l  blacks.". Off-axis rays  s t r i k i n g  t h e s e  su r f aces  are essentially 
absorbed; only a very  small f r a c t i o n  i s  s c a t t e r e d .  For such te lescopes ,  t h e  state of 
t h e  a r t  i s  h igh ly  developed, and t h e  l i t e r a t u r e  i s  extens ive .  

For te lescopes  i n  Earth o r b i t  intended t o  ope ra t e  i n  t h e  i n f r a r e d  reg ion ,  f o r  
example fn wavelengths ranging from 1 t o  1,000 urn ( i , e . ,  t o  lo-"), "op t i ca l  
blacks" may f a i l  t o  absorb i n c i d e n t  r a d i a t i o n  adequately.  Addi t iona l ly ,  such coa t ings  
can  become detached from the  b a f f l e s ,  thus contaminating t h e  te lescope ,  and t h e  d e l i -  
c a t e  na ture  of t h e  sur faces  nay make refurbishment d i f f i c u l t .  

This  paper desc r ibes  a baffle system t h a t  r e j e c t s  off-axis  r a d i a t i o n  by r e f l e c t -  
ing i t  back out  of t h e  te lescope.  Another purpose of the  system is t o  reduce t h e  
heat-loading of the t e lescope  system. An intended a p p l i c a t i o n  is i n  t h e  S h u t t l e  
I n f r a r e d  Telescope Facility (SIRTI?), planned t o  b e  a helium-cooled t e l e scope  t h a t  w i l l  
measure extremely f a i n t  r a d i a t i o n  extending to  t h e  f a r - in f r a red  wavelengths. A vers ion  
of  t h e  te lescope  may be launched from t h e  S h u t t l e  and operated i n  t h e  "free-f lyer"  
mode; i t  would have a mission du ra t ion  of 6 months o r  longer. 

The thermal r a d i a t i o n  from t h e  SLRTF sunshade, i f  absorbed by t h e  baffles, would 
c o n s t i t u t e  a major hea t  load and l a r g e ,  massive helium tanks would b e  needed t o  provide 
adequate  cool ing throughout t h e  mission. The proposed b a f f l e  system i s  expected t o  
absorb l e s s  than  10% of t h e  thermal r a d i a t i o n  from t h e  sunshade, S o l a r  r a d i a t i o n ,  i f  
s c a t t e r e d  i n t o  the te lescope  by t h e  sunshade, i s  a l s o  r e f l e c t e d .  The absorbed frac- 
t i o n ,  which depends on t h e  angle of t h e  Sun r e l a t i v e  t o  t h e  t e l e scope  axis, can be  
con t ro l l ed  by mission-dictated t r a j e c t o r i e s .  



Recent papers ( r e f s ,  1 and 2) de sc r ibe  r e f l e c t i v e  b a f f l e  systems t h a t  are based 
on t h e  p r o p e r t i e s  of an e l l i p s e .  I n  t h e  m e ~ i d i o n a l  p lane ,  any r a y  en t e r ing  between 
t h e  two f o c i  of an e l l i p s e ,  then specu la r ly  reflected a t  t h e  e l l i p t i c a l  s u r f a c e ,  must 
r e t u r n  between the two f o c i ,  Each e l l i p t i c a l  b a f f l e  must have a different shape than 
t h e  preceding one. For skew rays ,  about 10% of t h e  i n c i d e n t  radiation is no t  
r e f l e c t e d  back out  of t h e  te lescope .  

The r e f l e c t i v e  b a f f l e  system descr ibed  i n  t h i s  paper  i s  based on e n t i r e l y  d i f f e r -  
ent p r i n c i p l e s ,  and does not  depend on the p r o p e r t i e s  of an e l l i p s e .  Although many 
d i f f e r e n t  types  of sur faces  can be employed, t h e  presen t  ve r s ion  uses  t o r o i d a l  sur- 
f aces  toge ther  with adjacent  cones to r e f l e c t  r a d i a t i o n  from t h e  SIRTF sunshade 
(thermal emission o r  s c a t t e r e d  s u n l i g h t ) .  

The dimensions of t h e  telescope and sunshade given i n  this paper,  although nomi- 
n a l l y  app l i cab l e  t o  SIRTP, do n o t  represen t  f i n a l  design va lues .  

REFLECTIVE BAFFLE SYSTEM 

The elements of the presen t  b a f f l e  system a r e  shown in f i g u r e  1. The circular 
segment has a r ad ius  a ,  t h e  c e n t e r  of cu rva tu re  being a t  t h e  o r i g i n  of coord ina tes ,  
l oca t ed  a t  t h e  te lescope  wa l l .  A l i n e  w i t h  t h e  coord ina tes  c , d  makes an angle  of 
A degrees with t h e  x-axis. The telescope axis i s  at  t h e  right of t h e  f i gu re .  

A b a f f l e  i s  produced by r o t a t i n g  this f i g u r e  about the t e l e s c o p ~  a x i s .  Upon such 
a r o t a t i o n ,  t h e  c i r c u l a r  segment generates  t h e  s u r f a c e  of a  t o r u s ,  and the s t r a i g h t  
l i n e  generates t h e  sur face  of a cone, 

The explanat ion of t h e  p r o p e r t i e s  o f  t h i s  b a f f l e  system is f a c i l i t a t e d  by use of 
meridional  rays, rather than skew r ays .  I n  the  fol lowing m a t e r i a l  t h e  meridional  
p l a n e  is  implied,  unless s p e c i f i c a l l y  s t a t e d  otherwise.  Sets of parameters chat  
approximate t h e  SIRTF te lescope  dimensions a r e  employed. 

Figures 2 through 10 i l l u s t r a t e  t h e  r e t r o - r e f l e c t i v e  proper ty  of t h i s  baffle 
system fo r  va r ious  condi t ions .  I n  each ca se ,  t h e  rad ius  of t h e  c i r c u l a r  segment i s  
19.40 c m .  The angle  0 i s  the ang le  between t h e  ray and t h e  y-axis. The values  of 
t h e  parameters i n  f i gu re s  2-10 are ltsted i n  t a b l e  1. 

Figure 2 shows t h a t  t he  r e f l e c t e d  ray makes an angle of 25.78' with  the t e l e scope  
axis, the i nc iden t  angle  being 25.32"; t h e  i n c r e a s e  i n  ang le  Fs approximately 0 . 5 " .  
This is  acceptab le  because, as shown below, t h e  r e f l e c t e d  rays e i t h e r  c l e a r  t h e  tele- 
scope entirely, or  impinge on a  r e f l e c t i n g  s u r f a c e  from which they  l eave  the 
te lescope .  

Figures 3 through 7 show t h e  effect of i n c r e z s i n g  arkgle A. I n  each c a s e  the  
r e f l e c t e d  ray i s  near ly  p a r a l l e l  t o  t h e  i n c i d e n t  ray ,  the d i f f e r e n c e  i n  angle being 
Less than 0 . 3 " .  I n  f i g u r e  5 ,  only one r a y  is  shown, because t h e  r e f l e c t e d  ray i s  
e s s e n t i a l l y  superimposed on t h e  i nc iden t  ray  ( t h e  c a l c u l a t e d  angu la r  dev i a t i on  is 
only  0.01"). 

I n  figures 8-10, angle  A i s  cons tan t  at 44.53O, The a n g l e  of  t h e  i nc iden t  ray 
i s  success ive ly  50.00a, 60.0O0, and 87.67"; t h e  r e f l e c t e d  ray i n  each case  is within 
0 .3"  of p a r a l l e l i s m  with t h e  corresponding i n c i d e n t  ray. The break  i n  the  s t r a i g h t  



l i n e  shown a t  x = 5 cm i s  necessary t o  prevent  t h e  i n t e r s e c t i o n  of the  s t r a i g h t  and 
curved l i n e s .  

A s  t a b l e  1 nnd f i g u r e s  2-8 show, t h e  parameters A and d d i f f e r  f o r  each f igu re .  
The ques t ion  naturally a r i s e s  as t o  t h e  p r i n c i p l e  of opera t ion  of the  system, and t h e  
basis f o r  seiect ior .  of parane ter  va lues .  Because of i t s  l eng th  and complexity, a 
r i go rous  treatmerit of t h e  analys i s  i s  planned f o r  a subsequent publ ica t ion .  For t h e  
p re sen t  only a q u a l i t a t i v e  explanat ion i s  appropr i a t e .  

For the configuration shown i n  f i g u r e  I ,  t h e  r e f l e c t i o n  p r o p e r t i e s  depend on the  
parameters A and d ,  and on the  shape of t h e  curved segment; t h e  l a t t e r  i s  t h e  c i rcu-  
l a r  segment i n  f i g u r e  I .  To achieve l e s s  dev ia t ion  i n  angle  between the i n c i d e n t  and 
r e f l e c t e d  rays,  the curved segment, i n s t ead  of being c i r c u l a r ,  can be pa rabo l i c ,  e l l i p -  
t i c ,  o r  a more complicated curve. The s t r a i g h t  l i n e  i n  f i g u r e  1 can s i m i l a r l y  be 
rep laced  by a more s u i t a b l e  curve. The present  conf i ; ; l ra t ion  i s  the  s imples t  case  of 
r e t r o - r e f l e c t o r s  based on mul t ip le  r ~ f l e c t i u n  between ad jacent  s u r f a c e s .  

One can mathematically desc r ibe  t h e  mul t ip ly  r e f l ec t ed  r ay  pa th  from t h e  poin t  of 
inc idence  t o  t h e  po in t  of emergence, and o b t a i n  expressions f o r  t h e  d i f f e r e n c e  i n  the  
angles of t he  i n c i d e n t  and emergent r ays ,  i n  terms of the  r e l e v a n t  parameters.  Using 
d i f f e r e n t i a l  ca l cu lus  to  minimize t h e  angle-difference f o r  an ind iv idua l  b a f f l e  set, 
one ob ta ins  the  corresponding va lues  of parameters,  such a s  A ,  a ,  and d .  Because 
t h e  parameter d i s  a funct ion of pos i t i on  a long  the  te lescope  axis, s i m i l a r  t r e a t -  
ment i s  necessary Lo optimize t h e  performance of an  a r ray  of b a f f l e  sets of the 
t e lescope .  

I n  l i e u  of such a rigorous ana lys i s ,  ray pa ths  a r e  c a l c u l a t e d  f o r  a proposed 
SIRTF conf igura t ion  t o  show t h a t  a l l  r a d i a t i o n  from the sunshade i n  the meridional  
plane i s  r e f l e c t e d  back o u t  of t h e  te lescope.  

The behavior of skew rays requi res  t h e  s o l u t i o n  of a fourth-degree a l g e b r a i c  
equat ion t o  determine each i n t e r s e c t i o n  poin t  of a ray and the t o r u s  su r f ace ,  which 
p laces  a l i m i t a t i o n  on the  number of skew r a y s  t h a t  can be  convenient ly analyzed. A 
thorough skew-ray a n a l y s i s  is planned employing a computer and a s u i t a b l e  code. 

REFLECTIVE BAFFLES FOR SIRTF 

The e x i s t i n g  SIRTF design i s  descr ibed i n  two repor t s  ( r e f s .  3 and 4 )  based on 
t h e  "Phase A Goncept Descript ion,"  which i s  a summary of t h e  sc i ence  r a t i o n a l e  and 
SIRTF concepts ( r e f .  5 ) .  

The e x i s t i n g  SZR'TF te lescope  is  shewn in t h e  s impl i f ied  ske tch  i n  f i g u r e  11, 
which de f ines  the  telescope-based coord ina te  system. Cap i t a l  l e t t e r s  X and Y are 
used t o  d i s t i ngu i sh  t h i s  system from the  previous ly  defined baffle coordinate  system. 
The loca t ion  Y = 0 i s  the  po in t  a t  which t h e  ray inc ident  at an  angle of 23.00" 
wi th  t h e  Y-axis i n t e r s e c t s  t h e  te lescope  b a r r e l .  The l o c a t i o n  X = 0 i s  t h e  t e l e -  
scope a x i s .  The t e l e scope  b a r r e l  has the nom5nal radius of 52.00 c m  and extends along 
the Y-axis t o  233.60 cm. The sunshade is i d e n t i f i e d  by t h e  l i n e s  EF and FG, whose 
coord ina tes  a r e  shown i n  the  ske tch .  

For purposes of t h i s  paper t h e  SIRTF sunshade is modified as shown i n  f i g u r e  12 .  
The ang le  of t h e  b a f f l e  GH (assumed t o  be a t  t h e  helium-cooled temperature of t h e  
t e l e scope )  i s  equal  t o  t h a t  of the l i m i t i n g  r ay  t h a t  can e n t e r  t h e  te lescope ,  namely 



24.306" with the Y-axis, based on t h e  dimensions g iven  i n  f i g u r e  12,  which are 
s e l e c t e d  t o  p r o v i d e  t h e  b a f f l e  GH w i t h  an e x t e n t  a l o n g  the Y-axis of 30.00 cm. 
When t h i s  design was initiated, the dimensions for b a f f l e  GH, necessa ry  t o  r e f l e c t  
all meridional  r a y s ,  were n o t  known, For the pre sen t  des ign  of b a f f l e  GH, the Sun 
must have an off-axis angle  o f  52.00' o r  more t o  p reven t  i t s  r a y s  from s t r i k i n g  t h e  
baffle GH. I f  the Sun i s  a t  an angle of 45' ,  the r a y s  are r e f l e c t e d  as shown i n  
f igure 13,  withou t  entering the telescnpe. 

The va lues  g iven  i n  f i g u r e s  11-13 are i l l u s t r a t i v e  o n l y ,  and are intended to be 
i n t e r n a l l y  c o n s i s t e n t  s o  that (based on geometrical o p t i c s )  a11 r a d i a t i o n  emi t t ed  by 
t h e  sunshade t h a t  i s  i n c i d e n t  on t h e  b a f f l e s  i s  r e f l e c t e d  back  out of t h e  telescope. 
The dimensions of the telescope and t h e  v a l u e s  of t h e  pa ramete rs  are prel i rni .~ary.  
F u r t h e r  a n a l y s i s  and trade-off  f a c t o r s  must be  considered t o  de te rmine  the b e s t  
v a l u e s .  The use  o f  f o u r  i n t e g e r s  f o l l o w i n g  the decimal p o i n t  i s  intended solely t o  
avo id  round-off e r r o r s ,  and t o  h e l p  i d e n t i f y  l i n e s  and angles. 

I n  the telescope a p p l i c a t i o n ,  each b a f f l e  c o n s i s t s  of a s t r a i g h t  and a curved 
l i n e  t h a t  a r e  t a n g e n t  t o  each o t h e r  a t  t he  p o i n t  of c o n t a c t ,  as i l l u s t r a t e d  i n  f i g -  
u r e  14 .  The two c o o r d i n a t e  systems ( a s s o c i a t e d  w i t h  the  b a f f l e s  and with t h e  tele- 
scope) are combined i n  t h i s  f i g u r e .  The l o c a t i a n  of t h e  c e n t e r  of curvature f o r  each 
c i r c u l a r  segn;ent i s  given i n  the Y-coordinate system by the parameter R. 

To d i s t i n g u i s h  between two a d j a c e n t  b a f f l e s  t h e  conven t ion  is adopted t h a t  param- 
eters f o r  the upper c e t  have the  s u b s c r i p t  "a" and parameters  f o r  the lower set have 
t h c  s u b s c r i p t  "b." Thus, f o r  f i g u r e  14 t h e  parameter  sets are: 

Ka = 199.8149 crn R,, = 193.5601 cm 

The origin of c o o r d i n a t e s  for f i g u r e  14 i s  y = 0 ;  t h i s  is  a l s o  t h e  same a s  
Y = 199.8149. In the y-system, t h e  parameter  db = 8.0811, whlch cor responds  t o  
Y = 207.8960. 

The relation between R, Y ,  and A i s  as fo l lows :  

R = Y - 19.400 cos A 
a a a 

Seven sets of baffles are shown i n  f i g u r e  15. The b a f f l e  GH of f i g u r e  1 2  i s  
shown a t  the t o p  of f i g u r e  15, making the a n g l e  of 65.6140" w i t h  the X-axis. All of 
t h e  remaining b a f f l e s  have a n g l e s  less than 45* with t h e  X-axis. The coord ina te  
sys tem used i n  f i g u r e  15 is  a hybr id  one; t h a t  i s ,  v a l u e s  f o r  t h e  o r d i n a t e s  are given 
in the Y-coordinates;  va lues  f o r  x a r e  r e l a t i v e  t o  the w a l l  where x = 0. 

The parameters for t h e  37 sets of b a f f l e s  f o r  the SLRTF telescope are given in 
t a b l e  2. 



MERLDIONAL RAY REFLECTION 

The fo l lowing  desc r ip t ion  i s  based on meridional  ray paths .  The present  ca lcu la-  
t i o n  is concerned with the displacement along the  Y-axis of a ray composed of two 
p a r t s .  The f i r s t  i s  the ray displacement caused by its bounces between t h e  two 
r e f l e c t i n g  su r f aces ;  t h i s  i s  defined t o  be  "DELTA Y": 

DELTA Y = youc - yln 

A p o s i t i v e  value f o r  DELTA Y means t h a t  the ray has been disp laced  toward the  t e l e -  
scope aper ture .  

The second con t r ibu t ion  t o  t h e  displacement along t h e  Y-axis, defined t o  be 
"UP Y," is produced by t h e  n e t  angular  dev ia t ion  o f  t h e  ray mul t ip l i ed  by the diameter 
of the t e lescope .  This i s  t r u e  for all b a f f l e  l oca t ions  along t h e  Y-axis. With the  
n e t  angular dev ia t ion  of a ray expressed i n  degrees and a te lescope  diameter of 
104.00 cm, t h e  r e l a t i o n s  a r e  

DELTA B = Bin - 
Dout 

UP Y = 1.815 DELTA 8 

The above d e f i n i t i o n  fo r  DELTA 8 is  chosen so  chat a positive s i g n  s i g n i f i e s  that  
t h e  displacement i s  toward t h e  te lescope  ane r tu re  ( i . e . ,  i n  t h e  same d i r e c t i o n  as for 
a p o s i t i v e  value f o r  DELTA Y). 

The ne t  displacement of t h e  ray i s  given by the sum of DELTA Y plus  UP Y ,  and i s  
defined t o  b e  "NET Y": 

NET Y = DELTA Y f UP Y 

The r e l a t f o n s h i p  of t h e  n e t  ray  displacement t o  the b a f f l e  GH i s  now considered. 

Any point  on t h e  sunshade i s  a source of o f f - ax i s  r a d i a t i o n ,  such as poin t  F i n  
f i g u r e  12 .  It i s  of no consequence whether  t h e  r e f l e c t e d  r a d i a t i o n  is returned t o  a 
po in t  above o r  below F ,  as long as i t  i s  above poin t  G.  Since po in t  G represents  
t h e  t r a n s i t i o n  from the sunshade reg ion  (at a  temperature of about 200 K)  and t h e  
b a f f l e  region (at a temperature determined by t h e  l iquid-hel ium),  i n  e f f e c t  no radia-  
t i o n  i s  emit ted below point G .  Thus, r ad i a t ion  from po in t  G i s  t h e  l i m i t i n g  poin t  
of off-axis r a d i a t i o n .  

The b a f f l e  GH makes an angle  of 24.386" w i t h  t h e  t e l e scope  a x i s ,  and extends 
f r o m  Y = 250.00 c m  to Y = 220.00 c m ,  y i e l d i n g  a d i s t a n c e  of 30.00 cm along the 
Y-direction. This  i s  the maximum negat ive  va lue  f o r  NET Y t h a t  i s  permissible ,  Con- 
s i s t e n t  with the requirement t h a t  the  returned ray  must s t r i k e  t h e  b ~ . f f l e  GH, from 
which i t  is then r e f l e c t e d  o u t  of t h e  te lescope .  

Stated a l t e r n a t i v e l y ,  t h e  b a f f l e  GH provides a displacement d i s t ance  of 
30.00 c m  as be ing  the  permiss ib le  maximum-negative va lue  for NET Y f o r  a ray. I f  any 
ray has a value  of NET Y t h a t  exceeds 30.00 cm, i t  i s  not r e f l e c t e d  back out  of t h e  
te lescope .  



I n  order  t o  determine t h e  values of NET Y ,  meridional ray pa ths  have been calcu- 
l a t e d  f o r  a l l  37 b a f f l e  s e t s ,  f o r  a l l  phys ica l ly  permiss ib le  incoming ray angles ,  and 
f o r  po in t s  of inc idence  on t h e  b a f f l e s ,  Examination of these results shows t h a t  t h e  
maximum downward ( i , e . ,  nega t ive)  va lue  of NET Y is l e s s  than 5 cm. This  i s  we l l  
w i t h i n  the  a v a i l a b l e  d i s t ance  of 30 cm. 

Because a  t a b u l a t i o n  of t h e  ca l cu la t ed  po in t s  involves many numbers t h a t  do no t  
po r t r ay  the  t r e n d s ,  d a t a  are p l o t t e d  i n  f i g u r e s  16-20 to d t sp l ay  t h e  r e l a t i o n s .  

For t h ree  va lues  of incoming-ray angles ,  t h e  dependence of DELTA Y and DELTA 9 
on t h e  value of x i s  shown i n  f i g u r e s  16 and 17. Although t h e  curves d i f f e r  i n  
d e t a i l ,  t he  conclusion i s  t h a t  t h e  g r e a t e s t  excursions of t h e  rays are e s s e n t i a l l y  
independent o f  t h e  incoming-ray angle. 

The e f f e c t  of b a f f l e  l o c a t i o n  i n  t h e  t e l e scope  is shown i n  f i g u r e s  L8-20, which 
show, r e spec t ive ly ,  DELTA Y ,  DELTA 0 ,  and NET Y f o r  the condi t ions  l i s t e d  i n  t a b l e  3.  

The maximurn excursion of NET Y (fig. 20) i s  seen t o  be  l e s s  than 5 cm. Because 
this maximum downward ( i . e . ,  nega t ive)  va lue  of NET Y i s  l e s s  by a  f a c t o r  of 6 than 
t h e  d i s t a n c e  of 30 cm a v a i l a b l e  along b a f f l e  GH f o r  r e f l e c t i n g  rays out of t h e  
t e l e scope ,  t h e  conclusioit is j u s t i f i e d  t h a t  a l l  of t he  meridional  rays are r e f l e c t e d  
back out  of t h e  te lescope .  

The preceding ana lys i s  r ep re sen t s  t h e  i n i t i a l  set ~f parameters.  It is  l i k e l y  
t h a t  some modi f ica t ion  may r e s u l t  i n  a decrease i n  t h e  magnitude of t h e  NET Y va lues ,  
and t h e  sunshade dimensions may be  modified t o  reduce the minimum off -ax is  Sun angle .  
Of course, s e n s i t i v i t y  and m a n u f a ~ t u r i ~ ~ g - t o l e r a n c e  cons idera t ions  must be included i n  
such analyses .  

SKEW RAYS 

The ana lys i s  of t h e  pa ths  of skew r a y s  i s  much more complicated than t h a t  of 
rneridfonal rays.  To obta in  t h e  i n t e r s e c t i o n  po in t  of a  ray  with the su r f ace  of the 
t o r u s ,  so lu t ion  of a fourth-degree equat ion i s  necessary. D e t a i l s  of the  skew-ray 
a n a l y s i s ,  with equat ions  and r e s u l t s ,  must be defer red  f o r  a l a t e r  paper.  

Several  hundred typ ica l  skew r a y s '  paths have been analyzed f o r  the  SIRTF con- 
f i g u r a t i o n .  A l l  of these r a y s  a r e  r e f l e c t e d  back out  of t h e  te lescope.  The conclu- 
s i o n  i s  j u s t i f i e d  t h a t  the  present  baffle system can r eE lec t  i nc iden t  r a d i a t i o n  very 
wel.1. V e r i f i c a t i o n  of t h i s  conclusion w i l l  be  obtained by the  use of a  computer r ay -  
t r a c i n g  c a l c u l a t i o n  t h a t  w i l l  examine the  paths of r ays  i nc iden t  on the  b a f f l e  cavi- 
t i e s  i n  a  dense g r i d  pa t t e rn ,  f o r  s e l ec t ed  angles  wi th in  the  entrance region.  

To s t a t e  t h e  conclusion more p rec i se ly ,  a three-dimensional. coordinate  system is  
u s e f u l  . 

Let  the te lescope  axis be t h e  Z-axis, wi th  the X- and Y-axes l y ing  on the 
p lane  perpendicular  to the  t e l e scope  ax i s .  The angle of t h e  inc iden t  ray with t h e  
Z-axis i s  the  angle Bin. A f t e r  t y p i c a l l y  s i x  r e f l e c t i o n s  wi th in  the  b a f f l e  cav i ty ,  
the ray emerges at an angle 0 .  The d i f f e r e n c e  between these  two angles  is  s u f f i -  
ciently small s o  chat the  r a y s  a r e  r e f l e c t e d  from the te lescope ,  The s i t u a t i o n  can 
be represented by u s e  of a cone having angle Elin, on whose surface t h e  tnc idenr  ray 



i s  loca ted .  The emergent ray i s  loca t ed  on the  su r f ace  of e s s e n t i a l l y  the same cone, 
b u t  with the v e r t e x  a t  a d i f fe ren t  l o c a t i o n  011 the lower b a f f l e  sur face .  

I f  i t  i s  d e s i r e d  t o  l i m i t  t h e  excursion of t he  cone ve r t ex ,  the r a y s  can be 
"compartmentalized." Pol ished spacers  p a r a l l e l  t o  t he  Z-axis can be  loca ted  every 
30' i n  azimuth, so t h a t  a t o t a l  of 12  such space r s  a r e  present  f o r  each set of curved 
baffles. These spacers  s e rve  t o  maintain the r i g i d i t y  of the curved b a f f l e s  as w e l l  
as  t o  "compartmentalize" the  ray pa ths .  Such spacers  would be  recessed a few centi- 
meters  away from the circular edge of t h e  curved b a f f l e s  t o  minimize s c a t t e r i n g  pa ths  
a long  the  Z-axis. 

HEAT LOAD ON BAFFLES 

The heat load  on the b a f f l e s  produced by thermal r a d i a t i o n  from the  SIRTF sun- 
shade can be approximated ay assuming t h a t  each ray makes a t o t a l  of s l x  r e f l e c t i o n s  
between the b a f f l e  surfaces,  and then i s  r e tu rned  back out  of the te lescope.  

For the sunshade temperature of 200 K, the peak of the Planck r a d i a t i o n  d i s t r i b u -  
t i o n  occurs a t  about 15 pm. A t  t h i s  wavelength and a t  t he  temperature of 10 K (SIRTF 
f o r e b a f f l e  cooled l i q u i d  helium) a gold-plated r e f l e c t o r  has  the t h e o r e t i c a l  absorp- 
t i v i t y  of l o m 3 ,  based on data from the I n t e r n a t i o n a l  C r i t i c a l  Tables .  For t he  corre-  
sponding r e f l e c t i v i t y  of 0.999 and six r e f l e c t i o n s ,  t h e  ne t  r e f l e c t i v i t y  i s  equal  t o  
0.99. Allowing f o r  surface contamination and s i m i l a r  e f f e c t s ,  which may reduce the 
r e f l e c t i v i t y  by unknown amounts, t he  conserva t ive  conclusion i s  t h a t  the  n e t  r e f l e c -  
t i v i t y  may be reduced t o  0 .90,  f o r  which the h e a t  load on the b a f f l e s  i s  about 10% of 
t h e  amount i f  a l l  of the r ays  inc ident  on t h e  b a f f l e s  are absorbed. 
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'see figure 1 and corresponding t e x t  f o r  definitions of variables. 
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TABLE 3 . -  CURVES FOR DELTA Y, 
DELTA 8 ,  AND NET Y 

%ecters correspond t o  curves 
shown i s 1  E i ~ u r e s  18, 19, and 20. 
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Figure 1 . -  Reflective baffle geometry. 
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Figure 2.- Ray reflections for ba f f l e  angle of 23.47". 
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Figure 3.-  Ray r e f l e c t i o n s  f o r  baff le  angle of 29.50". 
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Figure 4 . -  Ray reflections f o r  baf f le  angle of 30.67'. 
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Figure 5.- Ray reflections for b a f f l e  angle of 32.26'. 
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Figure 6.- Ray reflections f o r  b a f f l e  angle of 33.77". 
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Figure 7.- Ray re f lec t ions  fox b a f f l e  angle of 38.81'. 
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~ i g u k e '  B.yijRay ?fefliections for b a f f l e  angle of  44 .53 ' ,  and ' in = 5@.-00". 
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Figure 9.- Ray reflections for baffle angle of 44 .53 ' ,  and Bin = 60.00". 
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Figure 10.- Ray reflections far baffle angle of 44 .53* ,  and Oin = 87.67". 
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Figure 12,- Schematic o u t l i n e  of SIRTF sunshade, w i t h  
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Figure 13.- Schematic o u t l i n e  of SIRTF sunshade, with Bin = 45.00". 
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Figure 14.- Representative baffle design.  
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Figure 15.- Rela t ionsh ip  of SIRTF baffles* 
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~ i ~ u r e  16,- Dependence of ray displacement on incoming ray angles. 
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Figure 17.- Dependence of ray angular deviation on incoming ray angles. 
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Figure 18.- Ray displacement f o r  representative b a f f l e  sets.  
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F i g u r e  19.- Angular deviation of rays f o r  representative ba f f l e  sets .  
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F i g u r e  2Q.- N e t  displacement of rays for representative baf f le  s e t s .  


