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A telescope has been developed which makes possible 

routine flux measurements of astronomical objects whose 

spectral energy peak occurs at wavelenyths longer than 25 

microns. The 12 inch (30 cm) gyrostabilized instrument, 

known as the Flyinq Infrared Telescope, - is operated by an 

observer flying on a jet aircraft in the lower stratosphere, 

This report discusses the historical development, engineer- 

ing aspects and the observational record of the Flying 

Infrared Telescope, 
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I. INTRODUCTION: 

The F ly inq  I n f r a r e d  Telescope has  opened a new e r a  in 

o b s e r v a t i o n a l  astronomy by making p o s s i b l e  r o u t i n e  f l u x  measure- 

ments o f  o b j e c t s  whose s p e c t r a l  energy peak o c c u r s  a t  wave- 

l e n g t h s  l onge r  t h a n  25 microns.  Th i s  s p e c t r a l  r eg ion ,  ex tending  

o u t  t o  approximately  1000 microns,  i s  e s s e n t i a l l y  u n a v a i l a b l e  

f o r  ground based a s t ronomica l  o b s e r v a t i o n s  due t o  wa te r  vapor 

a b s o r p t i o n  o f  t h e  atmosphere. 

T h i s  r e p o r t  d i s c u s s e s  t h e  h i s t o r i c a l  background of  t h e  

F ly inq  I n f r a r e d  Telescope.  The t e l e s c o p e  and i t s  suppor t ing  

a p p a r a t u s  i s  i l l u s t r a t e d  and exp la ined ,  More t h a n  one hundred 

mis s ions  have now been flown wi th  t h e  s y s t e m  i n s t a l l e d  in NASA 

o p e r a t e d  Lear j e t s  ( f i g u r e  1) . These f l i g h t s ,  summarized i n  

t a b l e ' l ,  show a b road ly  based a t t a c k  on t h e  s p e c i a l  problems 

encountered i n  t h i s  t h e  l a s t  s p e c t r a l  r e g i o n  t o  be  explored  by 

as t ronomers .  

It i s  f i t t i n g  t h a t  a r e p o r t  cover ing  t h e  development, 

checkout  and o p e r a t i o n  o f  a unique and powerful  new ins t rument  

should d i s c u s s  t h e  new s c i e n t i f i c  r e s u l t s .  Sec t ion  I V  cove r s  

t h e  f a r  i n f r a r e d  r a d i o m e t r i c  o b s e r v a t i o n s  of  t h e  p l a n e t s  

Venus, J u p i t e r ,  Sa tu rn  and Mars. A s u b s t a n t i a l  e f f o r t  h e r e  t o  

unders tand  t h e  p l a n e t a r y  s p e c t r a l  in format ion  has  been necessary  

because ou r  F ly inq  I n f r a r e d  Telescope o b s e r v a t i o n s  y i e l d  broad- 

band i n t e g r a t e d  f l u x  measurements which a r e  c a l i b r a t e d  i n  

f l i g h t  r e l a t i v e  t o  one o r  more b r i g h t  p l a n e t s ,  

Reported h e r e i n  a r e  t h e  f i r s t  o b s e r v a t i o n s  of  s e v e r a l  

sou rces  a s s o c i a t e d  wi th  g a l a c t i c  H r eg ions .  They a r e  found 
I1 

t o  have l a r g e  f a r  i n f r a r e d  (45 - 7 5 0 ~ )  f l u x e s .  The g a l a c t i c  

nuc l eus  and t h e  d i s c r e t e  sou rces  n e a r  t h e  g a l a c t i c  nuc l eus  have 

been observed on s e v e r a l  f l i g h t s  w i t h  t h e s e  r e s u l t s  being d i s c u s s e d  

i n  some d e t a i l .  The o b s e r v a t i o n s  o f  e x t r a - g a l a c t i c  sou rces  i n  t h e  

f a r - i n f r a r e d  were made a s  p a r t  of  t h i s  program, 





I I. HISTORICAL BACKGROUND 

Astronomers have long been cha l l enged  by t h e  p o s s i b i l i t y  

o f  o p e r a t i n g  an a s t ronomica l  t e l e s c o p e  a t  i n f r a r e d  wavelengths 

on a  s t a b l e  p l a t f o r m  h igh  above most of  t h e  f i l t e r i n g  e f f c c e s  

o f  a tmospher ic  wa te r  vapor .  S p a c e c r a f t ,  b a l l o o n s  and high 

a l t i t u d e  a i r c r a f t  have each been cons ide red  i n  t h e  s ea rch  f o r  

an optimum s t a b l e  p l a t f o r m  f o r  t e l e s c o p e  se rvFce .  

Cos t -benef i t - t ime  comparison s t u d i e s  were under taken i n  

1965 t o  de te rmine  t h e  most economical approach o f f e r i n g  a 

r ea sonab le  chance of  succes s  i n  o b t a i n i n g  new d a t a  l ead ing  

toward u.nderstanding t h e  n a t u r e  of a s t ronomica l  sou rces  whose 

s p e c t r a l  energy peak i s  beyond 25 microns.  ~ i r c r a f t  seeme6 

t o  o f f e r  t h e  most t e l e s c o p e  observ ing  t ime p e r  u n i t  c o s t  for 

t h e  p e r i o d  1965-1970. However, it was n e c e s s a r y  t o  make some 

f l i g h t  t e s t s  t o  check t h e  v a l i d i t y  of  ou r  e s t i m a t e s .  A high 

performance j e t  a i r c r a f t  (Douglas A3-B) w a s  made a v a r l a b l e  

t o  u s  on an o c c a s i o n a l  b a s i s  by t h e  Naval Ordinance T e s t  S t a t i o n ,  

China Lake, C a l i f o r n i a  through t h e  a s s i s t a n c e  of  D r .  P i e r r e  

S t ,  Amand of  t h a t  s t a t i o n ,  

During t h e  w i n t e r  1965-1966 a  rad iometer  and t h e  a s s o c i a t e d  

e l e c t r o n i c s  package was des igned  and f a b r i c a t e d  f o r  i n s t a l l a t i o n  

i n  t h e  Douglas J e t -  The b r i g h t n e s s  t empera tu re  of t h e  sun w a s  

measured a t  t h e  wavelength of 1 mrn w i th  t h e  a i r c r a f t  o p e r a t i n g  

a t  44,000 f e e t .  I t  was found t h a t  t h e  p l a n e  was s t a b l e  enough 

t o  pe rmi t  t h e  s u n ' s  image t o  be hand guided o n t o  t h e  r a d i o n ~ e t e r  

f o r  p e r i o d s  ranging  from s e v e r a l  seconds t o  s e v e r a l  minutes ,  

The expe r i ence  t h u s  ga ined  confirmed t h e  fo l lowing  f a c t s :  

(1) A h igh  performance jet.  a i r c r a f t  cou ld  be  used a s  

an observ ing  p l a t fo rm f o r  an a s t ronomica l  tel.,cscope, 



(2 )  L iqu id  hel ium cooled  d e t e c t o r  technology a l r e a d y  

i n  u s e  f o r  ground based i n f r a r e d  astronomy could be 

e x t e - d e d  t o  a i r c r a f t  a p p l i c a t i o n s .  

(3)  Sky background vs  a l t i t u d e  measurements showed "char 

by p e n e t r a t i n g  t h e  topopause and c l imbing a  few 

thousand f e e t  i n t o  t h e  lower s t r a t o s p h e r e  we were 

i n  f a c t  o p e r a t i n g  above most of  t h e  obscur ing  w a t e r  

vapor .  

I t  was wi th  t h i s  background and expe r i ence  t h a t  we proposed 

t o  NASA t h e  b u i l d i n g  o f  a  F ly inq  I n f r a r e d  Telescope.  

The p r o p o s a l  t o  Headquar ters  (da t ed  December, 1966) w a s  

funded i n  1967 and c a l l e d  f o r  t h e  des ign  and c o n s t r u c t i o n  of 

a  6-inch d iameter  r e f r a c t i n g  t e l e s c o p e .  The concept  involved 

t e s t i n g  and o p e r a t i n g  t h e  t e l e s c o p e  on t h e  NASA L e a r - j e t  

f l y i n g  o u t  o f  Arnes Research Cente r .  Co-ordinat ion was ellrough 

D r .  Michel Bader, Chief  of  t h e  Airborne Sc ience  O f f i c e  a t  Ames, 

Once t h e  d e s i g n  work was under way, it became appa ren t  that 

a t e l e s c o p e  mount accommodating an ins t rument  a s  l a r g e  a s  1 2  

i nches  d iameter  cou ld  be  f i t t e d  i n t o  t h e  L e a r - j e t  escape  hatch 

opening.  A t  t h e  same t ime it was f e l t  t h a t  a  more u s e f u l  t e l e -  

scope could  be  developed by u s i n g  Cassegra in  r e f l e c t i n g  optics, 

Happi ly ,  it was determined t h a t  t h e s e  s i g n i f i c a n t  improveir.ents 

cou ld  be  made w i t h o u t  a d d i t i o n a l  c o s t .  

The 12-inch d iameter  t e l e s c o p e  and t e l e s c o p e  mount were 

f a b r i c a t e d  a n d - t h e  i n i t i a l  t e s t  f l i g h t  o f  t h e  b a s i c  t e l e s c o p e  

wi thou t  a  hel ium cooled d e t e c t o r  o r  a  secondary m i r r o r ,  was 

flown i n  December 1967. ( f i g u r e  2 shows t h e  c o n f i g u r a t i o n  on 

t h i s  f l i g h t )  Th i s  f l i g h t  demonstra ted t h a t  a  l a r g e  open-port  

i n s t rumen t  could  be  s u c c e s s f u l l y  o p e r a t e d  i n  high performance 

j e t  a i r c r a f t .  Neve r the l e s s ,  some b a s i c  problems came t o  L i g h t  





r e q u i r i n g  s e v e r a l  months o f  eng inee r ing  t ime and expe r imen ta t ion ,  

B a s i c a l l y  t h e  problems were grouped i n t o  t h e  fo l lowing  a r e a s :  

(1) Cabin P r e s s u r i z a t i o n ,  (2)  Organ P ip ing  o f  t h e  Open-Port 

Telescope and (3) The s t a r - l i g h t  chopper o r  modulating mechanisi-, 

The L e a r - j e t  cab in  could  n o t  be  main ta ined  a t  t h e  normal 

8 PSI d i f f e r e n t i a l  w i thou t  t h e  c a b i n  a i r  p r e s s u r e  deforming t h e  

t e l e s c o p e  gimbal r i n g  i n  a  manner which p reven ted  f r e e  movement 

th roughout  t h e  f 3  deg ree  ( r o l l  and yaw) des ign  range .  A t w o  

f o l d  s o l u t i o n  involved  i n c r e a s i n g  t h e  l oad  b e a r i n g  c a p a b i l i t y  

of  t h e  gimbal r i n g  and lowering t h e  c a b i n  d i f f e r e n t i a l  p r e s s u r e  

t o  4.5 PSI above t h e  o u t s i d e  ( cab in  a l t i t u d e  about  18,000 f e e t  
* 

wi th  t h e  L e a r - j e t  a t  50,000 f e e t ) .  The lower cab in  p r e s s u r e  

p r e s e n t e d  no new problems a s  it had a l r e a d y  been dec ided  that 

t h e  crew would wear oxygen masks a s  a  s a f e t y  p r e c a u t i o n ,  The  

r e s u l t  was t h a t  t h e  t e l e s c o p e  could  now move throughout  i t s  

d e s i g n  range ,  

When t h e  open p o r t  main t e l e s c o p e  t u b e  was f i r s t  t e s t  flown 

w i t h o u t  t h e  secondary m i r r o r  i n s t a l l e d  ( f i g u r e  2) t h e r e  w a s  

a  moderate v i b r a t i o n  and a  loud audio  n o t e  due t o  t h e  s l i p s t -  A e an1 

f lowing p a s t  t h e  l a r g e  o r i f  i c e .  A two-fold s o l u t i o n  was found: 

(1) The sound was g r e a t l y  reduced when t h e  secondary m i r r o r  and 

i t s  suppor t ing  s p i d e r  was i n s t a l l e d -  a p p a r e n t l y  break ing  up t h e  

t u r b u l e n c e  a t  t h e  mouth o f  t h e  t ube  and (2)  by r e s t r i c t i n g  t h e  

a i r c r a f t  speed i n  t h e  dense r  a i r  a t  low a l t i t u d e s  ( n o t  rnare 

t h a n  250 k t .  IAS below 20,000 f e e t ) .  wi th  t h e  secondary i n s t a l l -  

ed  t h e r e  i s  no a u d i b l e  sound above 20,000 f e e t  a t  any a i r s p e e d ,  

L a t e r  a  boundafy l a y e r  d e f l e c t o r  w a s  developed by Ames and in -  

s t a l l e d  on t h e  forward edge of t h e  s p e c i a l  t e l e s c o p e  mounting 

window. Th i s  e f f e c t i v e l y  e l i m i n a t e s  t h e  n o i s e  a t  low a l t i t u d e  

(dur ing  cl imb-out and let-down) wi thou t  caus ing  any n0t:iceabl.e 

e f f e c t  on performance of  t h e  f a r - i n f r a r e d  system a t  h igh 

o p e r a t i o n a l  a l t i t u d e s .  



The third major problem encountered was with the chopper, 

In any infrared ,telescope it is necessary to modulate the in- 

coming signal before it reaches the detector. This modulation 

is usually done in such a way as to separate the wanted signal 

from the large background on which it is superimposed. Various 

schemes are possible and many have been tried. In working 

with the ~lyinq Infrared Telescope we arrived at a new chopping 

technique built around a mechanism which moves the small 

secondary mirror back and forth through an arc just large enough 

to shift the star image on and off of the detector. There are 

several advantages to a system of thisetype. First, the geo- 

metrical equivalence of the two paths through the telescope 

is easily accomplished. By adjusting the time spent in each 

of the two fixed positions of the secondary, it is possible 

to minimize the unwanted DC offset resulting from the background* 

Second, the adjustments are relatively simple and do not require 

the cryogenic dewar containing the detector to be installed 

at the time of chopper adjustments. 

Incidentally, it has been shown that this same metho2 of 

chopping can be used to greatly increase the sensitivity of 

ground-based infrared telescopes due to the almost complete 

cancellation of sky noise. An interesting sidelight is that 

this technique, so Eeneficial to ground based astronomy, emerged 

as a result of development work on the airborne telescope, which 

is supposed to operate in an environment essentially free of 

sky noise. 

Simultaneously with the chopper development work, we assembled 

and flew a direct power radiometer open in the wavelength region 

from 1.6 microns to 50 microns. Sky brightness measurements 

were made with this instrument at altitudes up to 50,000 feet, 

both with and without the telescope optics in the path ( i - e ,  

the secondary and its supporting spider were removed for one 



flight) . These measurements demonstrated that: (1) above the 

tropopause the sky brightness remains essentially constant at 

about 120°~, and (2) the thermal emission from the two mirrors 

in the telescope dominates the sky emisjion. It is this back- 

ground radiation which sets the ultimate limit to the sensitivity 

of our detector and, in fact, it is necessary to know the magni- 

tude of this background in order to optimize the design of a 

particular detector. 

This series of measurements, which were obtained on 2 

and 3 May, 1968, led us to two important conclusions: (1) 

The transmission and thermal emission af the Earth's atmosphere 

above the tropopause is such that astronomical observations 

throughout the far infrared are entirely feasible from jet 

aircraft; (2) It will be a difficult problem to design i2n infrared 

telescope for aircraft use which has thermal emission as low as 

the inherent sky emj-ssion . Unwanted instrumental baclr,ground 

radiation can be reduced by cooling the telescope optics and 

tube baffle system by means of a liquid and/or solid cryogen(s), 

A cooled airborne telescope is currently being built by 

this group with an NSF grant. The instrument is small and not 

tailored for regular astronomical observing (it is part of a 

cosmological background experiment) but the solution of problems 

encountered will undoubtedly point the way toward a major C o ~ L e d  

Infrared Flyinq Telescope. A moderate sized instrument of this 

type designed for astronomical observations could be operating 

within a year if construction funds were available. 

Additional information on the operation of the telescope 

(1 1 program is available in the technical literature . 

(1) Closing Astronomy's Last Frontier - FAR INFRARED; 
Low, Aumann, and ~illespie, ~stronhutics and Aeronautics, 
July 1970. 



111. THE FLYING INFRARED TELESCOPE SYSTEM 

A. THE AIRCRAFT: 

The f i r s t  a i r p l a n e  used f o r  ou r  i n f r a r e d  exper iments  

was a  twin jet  Douglas A3-B*, o p e r a t i n g  a t  a n  a l t i t u d e  of  

44,000 f e e t .  Other  p l a n e s  (RB-57~,  U-2, and SR-71) capable  

o f  working above 60,000 f e e t  were c a r e f u l l y  cons ide red  but 

would have r e q u i r e d  unmanned au tomat ic  o p e r a t i o n  of  t h e  

t e l e s c o p e .  It was f e l t  t h a t  i n  a f i r s t  g e n e r a t i o n  system t h e  

i n c r e a s e d  complexi ty  and s o p h i s t i c a t i o n  would be  t o o  high a 

p r i c e  t o  pay f o r  t h e  a d d i t i o n a l  20 o r  30 thousand f e e t  of  oper-  
* 

a t i o n a l  a l t i t u d e  which might be  ga ined .  

I n  r e t r o s p e c t  s t a r t i n g  wi th  a manned t e l e s c o p e  has  proven 

t o  be  t h e  c o r r e c t  approach.  Manned o p e r a t i o n  us ing  an obse rve r  

and a  conso le  o p e r a t o r  o r  a s s i s t a n t  obse rve r  h a s  enabled  o u r  

group t o  g e t  a  f i r s t  hand unders tanding  of  problems a s  t h e y  

were encountered and on occas ion  t o  make c o r r e c t i o n s  i n  f l i g h t ,  

Not on ly  a r e  t h e  above mentioned ex t remely  h igh  a l t i t u d e  a i r p l a n e s  

very  expens ive  t o  f l y  b u t  development and l a b o r a t o r y  t e s t i n g  

c o s t s  o f  a  semi-automatic system would have been 2 t o  5 t imes  

h i g h e r  t han  h a s  a c t u a l l y  been s p e n t  on t h e  F ly ing  I n f r a r e d  T 2 l e -  

scope.  

Avia t ion  p h y s i o l o g i s t s  have adv i sed  t h a t  50,000 f e e t  i s  a 

p r a c t i c a l  a l t i t u d e  l i m i t  f o r  r o u t i n e  manned o p e r a t i o n  ( i n  t h e  

t ime frame 1966-1971) w i thou t  having t h e  c r e w  i n  p r e s s u r e  su . l t s ,  

Tha t  is ,  even w i t h  a  p r e s s u r i z e d  cab in ,  t h e  dange r s  t o  human 

l i f e  make o p e r a t i o n  above 50,000 f t  unacceptab le  due t o  t h e  

p o s s i b i l i t y  of  e x p l o s i v e  decompression,  compres so r - f a i l u re  etc, 

* 
T h i s  Navy a i r p l a n e  and i t s  drew were t r a g i c a l l y  l o s t  in 

1967 wh i l e  on a  r o u t i n e  a d m i n i s t r a t i v e  f l i g h t  n o t  connected with  
o u r  r e s e a r c h .  



T h i s  can be unders tood when it i s  cons ide red  t h a t  i n  t h e  un- 

l i k e l y  even t  of  such a  f a i l u r e  t h e  t o t a l  u s e f u l  consc iousness  

of t h e  crew i s  i n  t h e  range of 12 t o  15  seconds.  Undoubtedly, 

i f  a s u b s t a n t i a l  need were demonstra ted,  s p e c i a l  r e s e a r c h  

v e h i c l e s  f o r  o p e r a t i o n  i n  t h e  50,000 t o  80,000 f o o t  r eg ion  

could  be  developed which would p rov ide  a  s h i r t  s l e e v e  environ-  

ment w i th  manned spacesh ip  r e l i a b i l i t y .  We accep ted  50,000 f e e t  

as a  working c e i l i n g  and s t a r t e d  looking  f o r  an a i r c r a f t  which 

would s e r v e  a s  a  s t a b l e  t e l e s c o p e  p l a t fo rm.  

P re l imina ry  d i s c u s s i o n s  w i t h  George Cooper, Chief o f  

A i r c r a f t  o p e r a t i o n s ,  a t  NASA- A m e s  ~ e s g a r c h  Cente r  l e d  u s  t o  

t h i n k  t h a t  t h e  NASA owned Lear  Get model 23  (shown wi th  t h e  tele- 

scope i n s t a l l e d  i n  t h e  escape  ha t ch  l n  f i g u r e  3) might be a n  

i d e a l  a i r c r a f t  f o r  t h e s e  h igh  a l t i t u d e  mi s s ions .  An agreement 

w a s  reached between t h e  F l i g h t  Ope ra t ions  and t h e  Airborne 

Sc ience  O f f i c e  a t  NASA-Ames f o r  t h r e e  f e a s i b i l i t y  t e s t  f l i g h t s ,  

A h igh  p r e s s u r e  oxygen system f o r  t h e  crew was t empora r i l y  

i n s t a l l e d  a long  wi th  t h e  hand guided rad iometer  p r e v i o u s l y  u s e d  

aboard t h e  A3-B. A m e s  p i l o t s ,  Glen S t i n e t t e  and Gordon Hardy 

and   ice U n i v e r s i t y  obse rve r  C a r l  G i l l e s p i e  Jr ,  f l e w  t h e  t h r e e  

50,000 f e e t  t e s t  mi s s ions .  Two f l i g h t s  were ve ry  smooth with 

some moderate t u r b u l e n c e  encountered 10,000 f e e t  above a massive 

cumulonimbus c loud  format ion  on t h e  t h i r d  and l a s t  f l i g h t ,  

Three conc lus ions  were reached: (1) A model 23  Lear j e t  

cou ld  r each  50,000 f e e t  w i t h  about  1 hour  working t ime  on track 

a t  t h a t  a1 t i tud .e .  (2) S i g n i f i c a n t l y  more working t ime ( u p  t o  

2  hours  t o t a l )  on t r a c k  would be  a v a i l a b l e  i f  t h e  a i r p l a n e  cou ld  

be  o p e r a t e d  a t  47,000 t o  48,000 f e e t  depending on o u t s i d e  air 

t empera ture  and p o s s i b l y  o t h e r  a tmospher ic  parameters .  ( 3 )  The 

r o l l  a x i s  s t a b i l i t y  i s  e x c e l l e n t  i f  t h e  a i r c r a f t  c o n t r o l  r i g g i n g  





is in good repair and the auto-pilot is properly adjusted, .AS 

a result of these tests we estimated that a telescope could 

achieve 1 arc minute guiding under stable conditions at altitude, 

This guiding accuracy was, in fact, more difficult to obtain 

than first believed but was finally achleved in routine operation 

during calendar year 1970. 

It was recognized early that not all flights would need 

to be operated at the maximum altitude and that an operational 

floor might be established a few thousand feet above the observed 

tropopause (most ascending tropopause penetrations are accompanied 

by a clearly measurable warming of the outside air temperature), 

The British pioneered with water vapormeasurements in the bower 

stratosphere (vicinity of 50,000 feet) in 1954 and 1955, This 

work; summarized by Craig(2), points to the existence of a frost 

point tropopause located three to six thousand feet above 

the temperature tropopause. Additional information on the upper 

troposphere and lower stratosphere at mid-latitudes in the western 

United States was obtained from meteorological records ' 3 i  compiled 

at U. S. Naval Ordinance Test Station, China Lake, California, 

In practice, on our flights, the mid-latitude tropopause 

has been found at altitudes as low as 34,000 feet in the winter 

and up to 49,500 feet in the summer. Thuspin more than 90% of the 

flights,we have been able to work at what would appear to be the 

best altitude, from the point of view of precipitabie water vapor 

above the aircraft, without making a quantum jump to a very much 

more expensive aircraft and telescope apparatus. The strato-- 

spheric water vapor problem should be better understood before 

any additional altitude '(beyond 50,000 feet) can be justified, 

( 2 )   he Upper Atmosphere, ~ichard A. Craig, Academic Press 
1965, Chapter 2. 

(3)Tropopauses and Related Atmospheric Phenomena at the 

Naval Ordinance Test Station, P. H. Miller and D. L. Farnham, 
NAVORD Report 6533, 1959. 



One of the great virtues of the Lear jet is that it is 

physically small enough so that maintenance and flight scheduling 

can be kept very flexible. Once astronomers have been freed 

from the constraints of atmospheric obscurations (clouds-both 

visible and invisible) there are not many observations i that 

cannot be shifted a few days if necessary to permit unscheduled 

aircraft or telescope maintenance or to accommodate another 

aircraft user. One exception to this is moonlight which can 

cause a failure if the mission calls for offset guiding on 

very faint stars. Such missions now are planned for dark of 

the moon periods. - 
Other aircraft in the light to intermediate business jet 

category have been considered but without special engines and/or 

other modifications it has not been shown that routine strato- 

spheric operation could be achieved above the high mid-latitude 

summertime tropopause. 



B, THE TELESCOPE: 

Some characteristics of the Flyinq Infrared Telescope have 

been mentioned in section I1 which traces the historical develop- 

ment of the instrument, 

The telescope is a Cassegrain system with a 12" diameter: 

f/1.5 spherical primary mirror and a 3.4" diameter non-conic 

secondary mirror. The effective f-number of the system8 depend- 

ing on the location of the focal point, is near f/5, with a tele- 
, 

scope scale of about 2 arcmin/mm. 

A simplified schematic view, figufe 4 , shows the primary 

mirror (4) and the secondary mirror (2) attached to the optical 

chopper assembly (1). The telescope' focuses on a fieldstop (7) 
0 

mounted to the 2 K surface (6) in the helium dewar (10) ,. The 

vacuum window (5) of the helium dewar may be transparent through- 

out the infrared or define, together with the cooled filters 

( 7 ) ,  the wavelength passband of the system. 

Beam size requirements determine the location and the size 

of the fieldstop and whether further baffles and lenses or mirrors 

are needed to focus the energy in the telescope beam onto the 

detector (9). The detector output is amplified and recorded 

electronically. 

The details of the configuration inside the dewar are changed 

for almost every sequence of flights in order to optimize signal- 

to-noise ratios to achieve specific mission objectives. The 

vacuum jacketed helium dewar attaches with two mounting bolts 

to the back mounting plate of the telescope. This quick disconnect 

feature has permitted us to develop a family of dewars each with 

slightly different properties but all interchangeable on the 

telescope. In addition to the dewar layout shown in fiyure 4 , 

we have been successfully using a silicon field lens system to 





f o c u s  t h e  energy on t h e  d e t e c t o r .  I n  l i k e  manner, s t i l l  ano the r  
0 dewar h a s  been con f igu red  wi th  a 6 p o s i t i o n  c o l d  ( ~ 2  K) f a r  

i n f r a r e d  f i l t e r  wheel.  Th i s  dewar h a s  been p a r t i c u l a r l y  u s e f u l  

i n  t h e  moderate r e s o l u t i o n  r a d i o m e t r i c  ~ b s e r v a t i o n s  o f  the  

p l a n e t s  r e p o r t e d  i n  s e c t i o n  IV.  

The t e l e s c o p e  i s  mounted i n  t h e  emergency e x i t  ( a f t  

window on t h e  r i g h t  s i d e  o f  t h e  a i r p l a n e )  by means o f  a  

s p e c i a l  window mount ( f i g u r e  5  ) . Two such window mounts have 
o  

been f a b r i c a t e d ,  one c e n t e r s  t h e  t e l e s c o p e  viewing ang le  a t  2 2  , 

t h e  o t h e r  a t  45O above t h e  hor izon .  

An exploded view o f  t h e  t e l e s c o p e - i s  shown i n  f i g u r e  6 ,  

The t e l e s c o p e  tube  i s  mounted v i a  a  gimbal r i n g  and a gimbal 

t ube  t o  t h e  window mount. The gimbal r i n g  and two mating alr- 
0 b e a r i n g  s u r f a c e s  pe rmi t  rt3 movement of  t h e  t e l e s c o p e  i i ?  azl-nuth 

(yaw) and e l e v a t i o n  ( r o l l )  r e l a t i v e  t o  t h e  a i r p l a n e .  The spac ing  

between t h e  pseudo a i r - b e a r i n g  s u r f a c e s  i s  c a r e f u l l y  a d j u s t e d  

such t h a t  f r e e  movement i s  p o s s i b l e  w i th  up t o  4.5 p s i  d j f f e r e n -  

t i a l  p r e s s u r e  a c r o s s  t h e  te lescope-backup-pla te  which a l s o  sY2 I rves 

a s  t h e  p r e s s u r e  bulkhead.  Most o f  t h e  f o r c e  t end ing  t o  d r i v e  

t h e  t e l e s c o p e  through t h e  w a l l  of t h e  cab in  (from 500 t o  1500 

pounds depending on cab in  p r e s s u r e )  i s  c a r r i e d  by t h e  l o w - f r i c t i o n  

b e a r i n g s  i n  t h e  gimble r a t h e r  t han  by t h e  a i r  b e a r i n g ;  however, 

deformat ion  of  t h e  gimble under maximum p r e s s u r e  simply f o r c e s  

t h e  t u b e  i n t o  a f r o z e n  p o s i t i o n  i n  t h e  s p h e r i c a l  b e a r i n g ,  and 

i s  complete ly  s a f e .  

The o p t i c a l  system c o n s i s t s  o f  (1) a  12-inch diameter  

s p h e r i c a l  pr imary mi r ro r '  and (2) a 3.4-inch d iameter  f i g u r e d  

secondary m i r r o r  made o f  s i l i c o n .  Both m i r r o r s  a r e  o p t i c a l l y  

p o l i s h e d  and m e t a l l i c  coa ted  by vacuum d e p o s i t i o n  t o  ach ieve  

high i n f r a r e d  r e f l e c t i v i t y  and low e m i s s i v i t y .  
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A unique feature of this telescope, now copied to great 

advantage on many larger groundbased telescopes, is the chopper, 

In all infrared telescopes it is necessary to modulate or chop 

the incoming signal from a given source, If the source is very 

small in angular size it can be modulated by switching the 

beam of the telescope on and off the source. Here, this is 

accomplished by moving the secondary mirror through a small 

angle between two fixed positions. This divides the light from 

a star into two equally bright images separated by the size of 

the focal plane diaphram, through which only one image can pass, 

In bozh positions of the secondary mirror, the background radi-a- 

tion emitted by the telescope and by the atmosphere is almost 

identical and is not modulated. This allows signals much 1~ea1ce-c 

than the background to be measured. 

The wobbling secondary mirror mechanism is rigidly attached 

to the front of the movable telescope tube by means of a four- 

leg spider. The primary mirror is supported at the baclc. of 'zkiz 

open telescope tube by means of a backup plate, The ot?~?er side 

of this plate also serves as the mounting surface for the heliu.11 

dewar . 
0 

A 10-power, 2" diameter telescope with a G field of vlev; 

is fastened to the side of the main IR telescope tube. This 

guide scope is aligned with the optical axis of the main tel-e- 

scope and permits positive starfield identification and guiding- 

The observer controls the orientation of the telescope relative 

to the airplane with a joy stick which activates yaw-axis and 

roll-axis torque motors. ' Both axes are gyrostabilized, The 

weight of the telescope unit, approximately 120 lbs., is kept 

low through the use of light-weight aluminum construction, 

Both mirrors are light weight and have high enough thermal 

conductivity to reach thermal equilibrium with the ambient atmosphere 

as the plane climbs into the stratosphere. 



C. THE RADIOMETER: 

The discussion of the Flyinq Infrared Telescope radiometer 

can be divided into 3 basic elements: detector, Dewar and 

filters. 

The heart of any infrared telescope is the detector, 

since its performance determines the ultimate sensitivity of 

the entire system. The detector we are using is the germanium 
0 

bolometer ( 4 ) ,  cooled to 2 K by liquid helium. It has an almost 

uniform spectral response from the near infrared to millimeter 

wavelengths and more than adequate sensitivity for our present 

requirements, 

A vacuum jacketed liquid helium container or Dewar provides 

the cryogenic environment required for operation of the detector, 

The bandwidth of this type of radiometer is determined by trans- 

mission filters placed in the radiation beam just in front of 

the detector. The materials making the filter may be fixed i-n 

place in the case of a single band instrument or on a filter 

slide or filter wheel in the case of multiband radiometers, Each 

of these 3 elements is discussed in this section. 

A. Detector 

The detectors used throughout this work have been Ge:Ga 

bolometers. The detector, consisting of a single gallium 

doped germanium crystal operates at a temperature of approxirr.ately 
0 

1.8 K, achieved by pumping on liquid helium, It has an essentially 

flat response from 1.51~. wavelength to 1000~. 

(*) "LOG Temperature Germanium Bolometer" I?. J. Low, 
Soc. Am., Vol. 51, pp. 1300-1304, .Nov. 1961. 



The s e n s i t i v i t y  o f  c ryogenic  bolometers  has  been d i s c u s s e d  
(5 )  i n  d e t a i l  by Low and Hoffman . ~t is  commonly c h a r a c t e r -  

i z e d  by t h e  amount o f  i n c i d e n t  power neces sa ry  t o  ach ieve  u n i t  

s i gna l - to -no i se  r a t i o ,  t h e  n o i s e  e q u i v a l e n t  power ( N . E . ~ , )  . 
I n  g e n e r a l ,  t h e  N.E.P.  of  a  bolometer  dec reases ,  i. e ,  , 

improves, w i th  d e c r e a s i n g  background r a d i a t i o n .  The N..E,P, of 

a n e a r l y  " p e r f e c t "  bolometer i s  determined by phonon n o i s e  and 

photon n o i s e .  The former i s  due t o  t empera ture  f l u c t u a t i o n s  

caused by t h e  random f low of  h e a t ,  t h e  i n c i d e n t  backgrounz radia- 

t i o n ,  between t h e  s ens ing  e lement  and t h e  h e a t  s i n k .  The random 

a r r i v a l  o f  photons  i n c i d e n t  on t h e  d e t e c t o r  from t h e  background 

g i v e s  r i s e  t o  photon n o i s e ,  

With p r e s e n t  technology,  N . E , P ,  v a l u e s  very c l o s e  t o  

t h e o r e t i c a l l y  l i m i t i n g  v a l u e s  a r e  p o s s i b l e .  I n  a p p l i c a t i o n  w i ~ h  
-7 

low background l e v e l s  (4 10 w a t t )  where a  r e l a t i v e l y  slow 
- 2  response  t ime can be t o l e r a t e d  (> 2 x 10 sec)  v a l u e s  of  

10 -I4 watt - have been achieved.  1- 

b) D e t e c t o r  S i z e  and Beam S i z e  

For o p e r a t i o n  o f  t h i s  t e l e s c o p e ,  beam s i z e s  w e l l  above t h e  

d i f f r a c t i o n  l i m i t s ,  r ang ing  from 3 arcmin t o  15 arcmin,  h7ere 

d i c t a t e d  by l i m i t e d  p o i n t i n g  c a p a b i l i t i e s  and t h e  n e c e s s i t y  to 

o f f s e t  gu ide  (on f a i n t  o b j e c t s  such a s  t h e  g a l a c t i c  c e n t e r ) ,  

I f  t h e  d e t e c t o r  i s  p l aced  a t  t h e  f o c a l  p o i n t  o f  t h e  t e l e - -  

scope,  t h e  d e t e c t o r  s i z e  d e f i n e s  t h e  beam s i z e .  S ince  t h e  

response  speed o f  t h e  Ge:Ga bolometer  d e c r e a s e s  w i th  i n c r e a s i n g  

d e t e c t o r  a r e a ,  optimum d e t e c t o r  des ign  c o n s i d e r a t i o n s  make a 

d e t e c t o r  l a r g e r  t han  1 .5  mm d iameter  i m p r a c t i c a l .  Thus,  with 

t h e  t e l e s c o p e  s c a l e  o f  approximately  2 arcmin/rnm, t h e  maximum 

f i e l d  of view i s  3 arcmin.  Larger '  f i e l d s  of  view, whi le  s t i l l  

u s ing  d e t e c t o r  no l a r g e r  t han  1 .5  riun i n  d i ame te r ,  can be 

( 5 )    he ~ e t e c t i v i t y  of Cryogenic Bolometers,  F .  J. LOW and 
A. R. Hoffman, Applied O p t i c s ,  - 2; 649, 1963. 



achieved  through t h e  use  of  a d d i t i o n a l  f i e l d  l e n s e s  o r  m i r r o r s  

which f o c u s  t h e  energy i n  t h e  beam on to  t h e  d e t e c t o r .  

S e v e r a l  methods have been employed t o  couple  t h e  incoming 

i n f r a r e d  r a d i a t i o n  o n t o  t h e  d e t e c t o r .  W o  a r e  desc r ibed  i n  some 

d e t a i l  h e r e ,  

1) A Fabry l e n s  i s  mounted a t  t h e  f o c a l  p o i n t  o f  t h e  

t e l e s c o p e  such t h a t  it images t h e  pr imary m i r r o r  on to  t h e  d e t e c t o r ,  

Plano-convex s p h e r i c a l  l e n s e s  made o f  i n t r i n s i c  s i l i c o n  and 

h igh  d e n s i t y  po lye thy lene  have been used.  The beam d iameter  s f  

t h e  t e l e s c o p e  e q u a l s  t h e  a p e r t u r e  d  of  t h e  Fabry l e n s .  Since 
F 

a b e r a t i o n s  make t h e  u se  of s p h e r i c a l  l e n s e s  w i t h  f o c a l  length 

f  < 2 d  unadvisab le ,  t h e  maximum d e t e c t o r  magnificati ion ach ievab le  
F  F  

i s  h a l f  t h e  f-number of  t h e  t e l e s c o p e ,  2.5 i n  our  c a s e ,  With 

a  1 .5  mm d i ame te r ,  d e t e c t o r  beams w i t h  7.5 arcmin d iameter  are 

o b t a i n a b l e .  

2 )  A m i r r o r  images a f i e l d s t o p ,  d e f i n i n g  t h e  beam d r i a m ~ t e e r  

and p l aced  a t  t h e  f o c a l  p o i n t  o f  t h e  t e l e s c o p e ,  on to  t h e  d e t e c t o r ,  

For  d e t e c t o r  magn i f i ca t ion  o f  less than  4 t h e  m i r r o r  can be spher- 

i c a l .  A d e t e c t o r  magn i f i ca t ion  o f  7  h a s  been achieved wi th  an 

e l l i p s o i d a l  mi r ro r .  Using a  1 .5  mrr, d iameter  d e t e c t o r  this 

magn i f i ca t ion  would pe rmi t  a  21  arcmin beam. 

The des ign ,  f a b r i c a t i o n ,  assembly and t e s t i n g  of  t h e  radio- 

m e t e r  system i s  a  t ime consuming and expens ive  p r o c e s s  b u t  t h e  

r e s u l t s  have been g r a t i f y i n g .  We have b u i l t  and flown in s t rumen t s  

o f  g r e a t  s e n s i t i v i t y  and moderate s p e c t r a l  r e s o l u t i o n  i n  a  wave- 

l e n g t h  r eg ion  where l i t t l e  o r  no p rev ious  work h a s  been done, 

B. Cryogenic Dewars 

The dewar c o n t a i n s  t h e  l i q u i d  hel ium necessary  t o  cool t h e  
0 

d e t e c t o r  t o  = 2 K,  his dewar d i f f e r s  from helium c r y o s t a t s  i n  

common l a b o r a t o r y  usage i n  t h a t  it i s  of  a l l - m e t a l  c o n s t r u c t i o n  

and t h a t  it does  n o t  need l i q u i d  n i t r o g e n  t o  c o o l  t h e  r a d i a t i o n  



s h i e l d .  Both f e a t u r e s  a r e  t h e  keys  t o  t h e  s u c c e s s f u l  u se  of 

helium-cooled d e t e c t o r s  on a  t e l e s c o p e  o p e r a t e d  aboard a high 

performance j e -  a i r c r a f t .  

The dewar i s  shown i n  F i g u r e  7 . A s t a i n l e s s  s t e e l  can 

w i t h  a  copper bottom c o n t a i n s  t h e  helium, The p i e c e s  t o  be  

cooled  -- d e t e c t o r s ,  l e n s e s ,  m i r r o r s ,  f i l t e r s ,  l i g h t  haf f les -- 
a r e  a t t a c h e d  t o  t h e  copper bottom and a r e  cooled by conduc t ion ,  The 

s t a i n l e s s  s t e e l  necktube,  w i t h  ,008" t h i c k  w a l l s ,  suppor t s  both 

t h e  dewar and t h e  r a d i a t i o n  s h i e l d .  L a t e r a l  mot ions  a r e  minirni;zed 

through t h e  use  of  nylon spac ing  screws.  The r a d i a t i o n  s h i z l d  

i s  a t t a c h e d  t o  t h e  neck tube  by means of  a  copper h e a t  excha12ger; 
0 

t h e  s h i e l d  i s  then  cooled t o  about  100 K by t h e  he1iu.m vapors 

p a s s i n g  through t h e  tube .  The e n t i r e  volume between t h e  devar 

and t h e  c a s e  i s  evacuated t o  p rov ide  in su l - a t i on ,  The dewar 

a t t a c h e s  t o  t h e  t e l e s c o p e  by means o f  an a d a p t e r  which a l s o  serves 

as a  mount f o r  t h e  dewar vacuum window which can i n  some c a s e s  

perform a  p a r t  o f  t h e  f i l t e r i n g  f u n c t i o n .  

A f ami ly  of r ad iome te r s  have been assembled du r ing  the 

cour se  of  t h i s  program each d i f f e r i n g  i n  some r e s p e c t  i n  t h e  way 

t h a t  t h e  chopped i n f r a r e d  r a d i a t i o n  i s  manipulated on to  t h e  

d e t e c t o r  o r  i n  t h e  t ype  of  bandpass f i l t e r i n g  used,  

Fa r  I n f r a r e d  F i l t e r s :  

One r e s u l - t  o f  t h e  F l y i n g  I n f r a r e d  Telescope program has 

been t h e  c o n s t r u c t i o n  o f  h igh  th roughput ,  moderate t o  wide 

passband f i l t e r s  t o  be  used f o r  photometry of  f a r  i n f r a r e d  sou rces ,  

The f i l t e r s  were des igned  t o  o p e r a t e  i n  t h e  s p e c t r a l  range bctwcen 

30 and 300 y, wavelengths  which a r e  s t r o n g l y  absorbed by t ropo -  

s p h e r i c  wate r  vapor.  S p e c i a l  a t t e n t i o n  h a s  been g iven  t o  the 

30 - 100 y i n t e r v a l  s i n c e  most of . the observed sou rces  r a d i a t e  

t h e i r  peak f l u x e s  i n  t h a t  reg ion .  





Convent ional  t h i n  f i l m  technology beg ins  t o  f a i l  between 

20pm and 30pm because of  t h e  d e a r t h  o f  s u i t a b l e  d i e l e c t r i c  

m a t e r i a l s  and tfie d i f f i c u l t y  of  d e p o s i t i n g  i n c r e a s i n g l y  thick 

f i l m s  i n  durabLe m u l t i l a y e r s .  On t h e  o t h e r  hand, t echn iques  

which a r e  a p p l i c a b l e  a t  submi l l ime te r  wavelengths ( e .g . ,  

m u l t i l a y e r  low p a s s  f i l t e r s  c o n s t r u c t e d  from c a p a c i t i v e  meshes 

d e p o s i t e d  on t h i n  p l a s t i c  f i l m s )  become extremely d i f f i c u l t  

as t h e  c h a r a c t e r i s t i c  dimensions of  t h e  systems drop  below 

100 pm. Extens ion  of  e i t h e r  t h e  t h i n  f i l m  o r  submi l l imete r  

technology t o  t h e  30 - 1 0 0 ~  r eg ion  would r e q u i r e  a complex 

and expensive development program and would probably r e s u l t  i n  

extremely f r a g i l e  f i l t e r s  u n s u i t a b l e  f o r  t h e  demanding exper- 

imen ta l  environment of  t h e  F ly inq  I n f r a r e d  Telescope system, 

The re fo re  we have concen t r a t ed  on u t i l i z i n g  t h e  n a t u r a l  absorp- 

t i o n  c f i a r a c t e r i s t i c s  of  p l a s t i c s  and c r y s t a l l i n e  m a t e r i a l s  and 

on t h o s e  submill . imeter  t echn iques  which can be r e a d i l y  scaled 

down t o  t h e  30 - 100 pm wavelength r e g i o n  wi thout  s a c r i f i c i n g  

s i m p l i c i t y  and d u r a b i l i t y  ( i . e . ,  i n t e r f e r e n c e  f i l t e r s  c o n s t r u c t -  

ed from conunercially a v a i l a b l e  e l ec t ro fo rmed  meta l  mesh) ,  

Emphasis has  been p l aced  on i n t e g r a t i o n  o f  t h e  v a r i o u s  

f i l t e r  t echn iques  i n t o  t h e  i n f r a r e d  rad iometer  i n  such a manner  

t h a t  t h e  overa l l -  s i gna l - to -no i se  r a t i o  of  t h e  system i s  

maximized. The r e q u i r e d  f i l t e r  c h a r a c t e r i s t i c s  a r e  determined 

by t h e  fo l lowing  c o n s i d e r a t i o n s  s 

(1) Since  it i s  neces sa ry  t o  use  t h e  p l a n e t s  a s  c a l i b r a -  

t i o n  o b j e c t s ,  t h e  stopband b lock ing  below 30 I-tm must be  quite 

e f f e c t i v e ,  p a r t i c u l a r l y  f o r  systems w i t h  narrow bandwidths o r  

low p a s s  cut-ons  beyond 100 pm. The problem i s  e s p e c i a l l y  

a c u t e  f o r  t h e  warmer o b j e c t s  such a s  Venus and Mars and f c r  

J u p i t e r  which h a s  an anomalous peak i n  i t s  spectrum a t  -- 4--!3im, 



4-6ym r a d i a t i o n  i s  p a r t i c u l a r l y  d i f f i c u l t  t o  a t t e n u a t e  due t o  

a  s c a r c i t y  o f  m a t e r i a l s  which absorb  i n  t h e  d e s i r e d  i n t e r v a l  

y e t  t r a n s m i t  e f f i c i e n t l y  beyond 30ym. For  i n s t a n c e ,  0 . 1  nun 

t h i c k  b l ack  po lye thy lene  t r a n s m i t s  4% o f  t h e  r a d i a t i o n  of 

5ym b u t  on ly  50% a t  40ym- C r y s t a l l i n e  m a t e r i a l s  which a re  

t r a n s p a r e n t  beyond 30p.m a r e ,  a s  a  r u l e ,  a l s o  t r a n s p a r e n t  a t  

5ym ( e - g . ,  q u a r t z ,  s a p p h i r e ,  s i l i c o n ,  and germanium) , 

(2) A major source  o f  n o i s e  i n  t h e  F ly inq  I n f r a r e d  Tele-  

scope system has  been thought  t o  be  v i b r a t i o n a l  modulation of 

t h e  i n s t r u m e n t a l  thermal  background r a d i a t i o n .  Thus t h e  lowest  

i n t r i n s i c  system n o i s e  i s  achieved wi th  helium cooled  f i l t e r s  

w i th  narrow bandwidth o r  long wavelength cut-ons .  Ambient temp- 

e r a t u r e  f i l t e r s  a t t e n u a t e  t h e  s i g n a l  w h i l e  r e s u l t i n g  i n  noise 

a t  a  l e v e l  g r e a t e r  t han  o r  e q u a l  t o  i t s  broadband v a l u e ,  

(3)  S ince  many of  t h e  f a r  i n f r a r e d  sou rces  a r e  r e l a t i v e l y  

f a i n t  and obse rv ing  t ime i s  l i m i t e d ,  t h e  f i l t e r s  should have 

h igh  passband t r ansmis s ion  and s h a r p  cut-ons .  

We have found t h a t  s a t i s f a c t o r y  s o l u t i o n s  t o  t h e  prohl-ems 

s t a t e d  above can be achieved by t h e  fo l lowing  means: 

(I) We have developed e f f i c i e n t  low p a s s  f i l t e r s  f o r  

b lock ing  4-5pm wavelengths .  These f i l t e r s  c o n s i s t  of  a  layer 

of  h igh  r e f r a c t i v e  index p a r t i c l e s  (diamond d u s t )  d e p o s i t e d  on 

a  po lye thy lene  s u b s t r a t e  and bonded w i t h  p l a s t i c  sp ray  p a i n t . .  

The diamond s c a t t e r s  wavelengths  s m a l l e r  t han  t h e  p a r t i c l e  

s i z e  w i t h  h igh  e f f i c i e n c y .  The l a y e r  r a p i d l y  becomes t r a n s p a r e n t  

a t  l onge r  wavelengths ,  however. For an e q u i v a l e n t  amount of 

a t t e n u a t i o n  a t -5ym,  t h e  diamond d u s t  f i l t e r  i s  much more e f f i c i e n t  

t han  b l ack  po lye thy lene  between 30 and 80pm. ( s e e  F igu re  8 ) -  

Since  t h e  p r o p e r t i e s  of  t h e  f i l t e r s  a r e  dependent on t h e  refrac- 

t i v e  index and s i z e  of  t h e  p a r t i c l e s  r a t h e r  t han  a b s o r p t i o n ,  

t h e y  can be t a i l o r e d  t o  meet a  wide range  of s p e c i f i c a t i o n s ,  





An a d d i t i o n a l  advantage of  t h e  p r o c e s s  i s  t h a t  t h e  r e q u i r e d  

b lock ing  may be achieved by t r e a t i n g  t h e  s u r f a c e  of  t h e  po ly-  

e t h y l e n e  vacuum window o f  t h e  rad iometer  dewar, e l i m i n a t i n g  an 

e x t r a  e lement  from t h e  o p t i c a l  pa th .  Such a  window h a s  ope ra t ed  

i n  t h e  F l y i n s  I n f r a r e d  Telescope system f o r  a.pproximately 2 0  

f l i g h t s  w i t h  no s i g n  of  d e t e r i o r a t i o n .  

(2)  A helium cooled f i l t e r  t u r r e t  h a s  been des igned  and 

i n s t a l l e d  i n  one of  t h e  f l i g h t  rad iometer  systems.  The dev ice  

a l l ows  u s  t o  r e s t r i c t  n o i s e  and bandwidth s imu l t aneous ly ,  I t  

a l so  p e r m i t s  t h e  u se  of  c r y s t a l  f i l t e r  m a t e r i a l s  which d i s p l a y  

s h a r p  cut-ons  when cooled t o  c ryogenic  t empera tu re s ,  ( ~ o u  a  

summary of low tempera ture  t r a n s m i s s i o n  d a t a  i n  t h e  c u r r e n t  

l i t e r a t u r e ,  s e e  Hadni 1967.) (6 ) The u s e  o f  t h e s e  m a t e r i a l s  i n  

low p a s s  and bandpass f i l t e r s  i s  i l l u s t r a t e d  i n  F i g u r e s  9 and 10, 

T h e i r  p r i n c i p a l  advantages  a s  low p a s s  f i l t e r s  a r e  a  r a p i d  

cut-on and good stopband b lock ing .  For exanple  ( ~ i g u r e  9) 

calc ium f l u o r i d e  d i s p l a y s  a  s i g n i f i c a n t l y  s h a r p e r  cut-on i n  t h e  

form of  a  helium-cooled s i n g l e  c r y s t a l  t han  when inco rpo ra t ed  

i n  a  powder-type f i l t e r  such as t h o s e  d e s c r i b e d  by Yamada et, a i ,  - 

(1962) .  ( 7) On t h e  o t h e r  hand, t h e  calc ium f l u o r i d e  stopband 

B ex tends  below 27y whi le  t e f l o n ,  which h a s  a  r e l a t i v e l y  r a p i d  

cut-on a t  50y, i s  p a r t i a l l y  t r a n s p a r e n t  between 20 and 50p. 

The stopband b lock ing  of t h e  t e f l o n  can be enhanced by i n c r e a s i n g  

t h e  t h i c k n e s s  of  t h e  sample, b u t  on ly  a t  t h e  expense of reduc ing  

t h e  s l o p e  of  t h e  cut-on. The shape o f  t h e  ca lc ium f l u o r i d e  cut- 

on i s  r e l a t i v e l y  i n s e n s i t i v e  t o  sample t h i c k n e s s ,  depending 

p r i m a r i l y  on t h e  r a t e  o f  change o f  index of  r e f r a c t i o n  with 

wavelength.  The 35p and 6 0 ~  bandpass f i l t e r s  shown i n  Figure10 

( 6 ) E s s e n t i a l s  of Modern Phys ics  Applied t o  t h e  Study of the: 
I n f r a r e d ,  Armand Hadni, _ Pergamon 1967. 

(7'Yamada Y . ,  M i t s h u i s h i  A. and Yoshinaga H., J. Opti. sot. ---- 
Am. 52, 17 (1962) - - 







a r e  t h e  r e s u l t  o f  combining s a p p h i r e  w i t h  t h a l l i u m  c h l o r i d e  

(open c i r c l e s )  and sapph i r e  w i t h  ca lc ium f l u o r i d e  and KRS-5 

( c lo sed  c i r c l e s ) , .  We know of  no c r y s t a l l i n e  m a t e r i a l s  which 

p o s s e s s  h igh  p a s s  cut-ons a t  wavelengths  l onge r  t han  10Qd, 

However, it i s  p o s s i b l e  t o  c o n s t r u c t  me ta l  mesh i n t e r f e r e n c e  

f i l t e r s  wi th  r e l a t i v e l y  sha rp  h igh  p a s s  cut-ons  and bandwidt l~s  

of  approximately  one o c t a v e  (U l r i ch  1968) .  (8) such a f i l t e r  

h a s  been combined wi th  s apph i r e ,  ca lc ium f l u o r i d e ,  and 0-5 m 

of t e f l o n  t o  produce t h e  80p bandpass f i l t e r  i n  F igu re  10.  

T h i s  p a r t i c u l a r  f i l t e r  was p repa red  r a t h e r  h u r r i e d l y .  Both l o w  

and high p a s s  cut-ons  could be  improved by a  more j u d i c i o u s  

s e l e c t i o n  o f  components. 

( 3 )  I n  s i n g l e  band r ad iome te r s ,  t h e  o v e r a l l  t r ansmis s ion  

can be maximized by mounting t h e  c r y s t a l l i n e  m a t e r i a l s  (used 

t o  b loek  thermal  background r a d i a t i o n  and d e l i n e a t e  t h e  system 

bandwidth) i n  o p t i c a l  c o n t a c t  wi th  t h e  s i l i c o n  f i e l d  l e n s  

used t o  focus  t h e  r a d i a t i o n  from t h e  t e l e s c o p e  o n t o  t h e  bolo- 

meter .  By t h i s  means F r e s n e l  r e f l e c t i o n  l o s s e s  a s s o c i a t e d  

wi th  t h e  s e p a r a t e  f i l t e r  e lements  can be  e l i m i n a t e d .  

The t echn iques  o u t l i n e d  above have been a p p l i e d  success--  

f u l l y  i n  o b s e r v a t i o n s  d e s c r i b e d  i n  S e c t i o n  IV of t h i s  r e p o r t ,  

These o b s e r v a t i o n s  have demonstra ted t h e  f e a s i b i l i t y  of  p e r f o r m i n g  

h igh  e f f i c i e n c y ,  moderate bandwidth photometry w i th  t h e  

I n f r a r e d  Telescope.  I n  p a r t i c u l a r ,  it i s  s i g n i f i c a n t  t h a t  t h e  

a d d i t i o n  of  t h e  hel ium cooled f i l t e r  t u r r e t  mechanism r e s u l t e d  

i n  no obse rvab le  i n c r e a s e  i n  t h e  b a s i c  n o i s e  l e v e l  of  t h e  r zd io -  

meter .  The ob;erved t r anspa rency  of  t h e  c r y s t a l  f i l t e r  m a t e r i a l s  

i n d i c a t e s  t h a t  t h e r m a l  c o n t a c t  wi th  t h e  helium b a t h  was q u i t e  

good, and t h e  mechanical  coupl ing  in t roduced  a n e g l i g i b l e  h e a t  

load .  

( * ) U l r i c h  R., Applied Op t i c s  i o l .  7 .  No. 10 1968. 



Inc reased  s p e c t r a l  r e s o l u t i o n  can e a s i l y  be  achieved by 

means o f  m e t a l  mesh Fabry P e r o t  f i l t e r s  us ing  t h e  cooled c r y s t a l s  

as b lock ing  f i l t e r s .  The a t t a i n a b l e  r e s o l u t i o n  w i l l  be d e t e r -  

mined s o l e l y  by t h e  sou rce  s t r e n g t h ,  t h e  i n t r i n s i c  d e t e c t o r  

n o i s e ,  and t h e  a v a i l a b l e  observ ing  t ime.  

D ,  ELECTRONICS AND SUPPORTING SYSTEMS: 

1. S i g n a l  Channel E l e c t r o n i c s  

A b lock  diagram o f  t h e  e l e c t r o n i c s  i s  shown i n  F igu re  11. 

The r a d i a t i o n  i n c i d e n t  on t h e  d e t e c t o r  i s  chopped w i t h  t h e  

wobbling secondary o p t i c a l  chopper ( l ) ,  t y p i c a l l y  a t  80Hz, 

The o u t p u t  o f  t h e  bolometer ( 2 )  i s  a m p l i f i e d  (3 ,4 )  , f i l t e r e d  

through a  narrow p a s s  f i l t e r  ( 5 ) ,  r e c t i f i e d  w i t h  a  phase-sensi -  

t i v e  demodulator ( 6 )  and f u r t h e r  a m p l i f i e d  i n  a DC a m p l i f i e r  

(8) . The i n p u t  l e v e l  o f  t h e  DC a m p l i f i e r  can b e  o f f s e t  .to 

s u b t r a c t  t h e  s i g n a l  component due t o  incomplete  c a n c e l l a t i o n  

of  t h e  i n s t r u m e n t a l  o r  sky background. The obse rve r  moni tors  

t h e  DC o u t p u t  d i r e c t l y  wi th  an earphone (12) by means of  a 

DC vo l tage-audio  f requency c o n v e r t e r  (11) and ana log  f a sh ion  

on a  s t r i p - c h a r t  r e c o r d e r  ( 1 3 ) .  A vo l tage- to- f requency  con- 

v e r t e r  (9)  c o n v e r t s  t h e  CC o u t p u t  t o  a  f requency between I 

KHz and 5  Y3.z which i s  recorded  on one channe l  o f  a  two-- 

channe l  magnet ic  t a p e  r e c o r d e r  ( 1 0 ) .  The second channe l  i s  

used t o  r e c o r d  s e t t i n g s  of  g a i n  and o t h e r  f u n c t i o n  swi tches  of 

t h e  e l e c t r o n i c s ,  v o i c e  comments of  t h e  obse rve r  and a i r p l a n e  

communications. 

The most impor tan t  p a r t  of t h e  e l e c t r o n i c s  components i s  

t h e  low-noise p r e a m p l i f i e r ,  s p e c i f i c a l l y  des igned  t o  have a 

lower n o i s e  c o n t r i b u t i o n  than  t h e  d e t e c t o r .  I t  b o o s t s  t h e  out- 

p u t  of  t h e  d e t e c t o r  t o  a  l e v e l  ( t y p i c a l  g a i n  x 1000) s o  that 

f u r t h e r  a m p l i f i c a t i o n  and c o n d i t i o n i n g  o f  t h e  s i g n a l  i n  a f a i r -  

l y  conven t iona l  manner does  n o t  degrade t h e  s i g n a l - t o - n o i s e  





r a t i o  a v a i l a b l e  a t  t h e  d e t e c t o r .  

2 .  Telescope Drive E l e c t r o n i c s  

The F ly inq  I n f r a r e d  Telescope i s  i n e r t i a l l y  s t a b i l i z e d  

by two Honeywell G G 4 9  r a t e - i n t e g r a t i n g  gy ros  o p e r a t i n g  i n  

i d e n t i c a l  r o l l  and yaw a x i s  s e rvo  feedback loops .  A b lock 

diagram o f  one o f  t h e  servosystems i s  shown i n  F igu re  12,  

.The  o u t p u t  o f  t h e  gyro  i s  a 400 Hz s i g n a l  whose ampli tude i s  

p r o p o r t i o n a l  t o  t h e  angu la r  d i sp lacement  from an i n e r t i a l  null 

p o s i t i o n .  When t h e  t e l e s c o p e  feedback loop  i s  c l o s e d ,  t h e  

gyro  s i g n a l  i s  demodulated, ampl i f i ed  and a p p l i e d  t o  a frame- 

l e s s  t o r q u e  motor ( I n l a n d  T - 5 7 3 0 - A )  mounted on e i t h e r  t h e  

r o l l  o r  yaw a x i s  o f  t h e  t e l e s c o p e .  The t e l e s c o p e  i s  po in t ed  

by r e d e f i n i n g  t h e  n u l l  p o s i t i o n  of  t h e  gyro ,   his i s  aceam-- 

p l i s h e d  by apply ing  a c u r r e n t  t o  t h e  c o n t r o l  winding of the 

gyro ,  which causes  t h e  gyro  wheel t o  p r e c e s s .  i n  t h e  caged 

mode, t h e  o u t p u t  o f  t h e  power a m p l i f i e r  i s  a p p l i e d  t o  t h e  gy ro  

c o n t r o l  winding, caus ing  t h e  gyro  wheel t o  remain f i x e d  w i t h  

r e s p e c t  t o  t h e  gy ro  housing and a l lowing  t h e  t e l e s c o p e  t o  move 

f r e e l y  i n  i t s  gymbals, 

The performance o f  t h e  system is  determined by t h e  feed- 

back-loop g a i n ,  t h e  f requency response  and t h e  n o i s e  l e v e l ,  

For a c c u r a t e  t r a c k i n g  t h e  high-frequency g a i n  of t h e  system 

should be  as l a r g e  as p o s s i b l e .  However, i f  t h e  loop g a i n  ex- 

ceeds  u n i t y  a t  t h e  p o i n t  where t h e  phase  s h i f t s  produced by 

t h e  e lements  o f  t h e  ~ loop i p r i m a r i l y  t h e  t o rque  motor i n  this 
0 

case )  t o t a l s  180 , t h e  system w i l l  be  u n s t a b l e .  I t  i s  p o s s i b l e  

t o  i n c r e a s e  t h e  high-gain s t a b i l i t y  of t h e  system by modifying 

t h e  f requency response  of  t h e  p r e a m p l i f i e r ,  b u t  t h i s  i s  u s e f u l  

on ly  up t o  t h e  p o i n t  where t h e  n o i s e  l e v e l  of  t h e  system becomes 

comparable t o  t h e  c o n t r o l  s i g n a l s . .  With second-order phase  

compensation of  t h e  t ype  shown i n  F igu re  1 2 ,  no i se - l imi t ed  per- 





formance can be achieved. By redesigning the demodulator, the 

noise was significantly reduced, but the intrinsic limit set 

by the gyro itself has yet to be realized. 

The large peak torque of the servo motors ( 7 . 0  ft-133) 

is more than sufficient to produce the maximum angular aceelera- 

tion required to cancel the aircraft motions. A smaller motor 

used initially on the roll axis only provided a proportional 

'range of the restoring force too small to prevent excessive 

excursions caused by perturbations such as bumping the back 

of the telescope or moderate air turbulence. 

3. Helium Pumping Apparatus 

The Ge bolometer detector achieves its greatest sensitivity 

when the liquid helium cryogen temperature is maintained below 
0 the lambda transition (i-e. below 2.19 K). In the aircraft 

this condition is achieved by reducing the vapor pressure over 

the liquid with a mechanical vacuum pump connected through a 

throttle valve. The vacuum pump is exhausted to the outside 

through a fitting in the telescope window mount. Although not 

strictly required, our desire to be conservative in matters of 

safety has led to the use of a pump known to be non-explosive 

in an oxygen environment. It is driven by an explosion proof 

28 volt DC motor. In practice, the helium vapor pressure is 
0 

maintained at about 12 mm Hg (1.8 K) . 
4. Life Support Oxygen 

The need for crew oxygen has been mentioned in section 111 A, 

The following brief discussion is given because it is no-k immedi-" 

ately evident why it is necessary to provide the crew w i t h  100% 

oxygen when we are using a completely modern jet aircraft designed 

to provide safe transport of personnel in shirtsleeve comfort, 



The a i r c r a f t  w i l l  normal ly  ma in t a in  a c a b i n  e n v i r o ~ ~ m e n t  

e q u i v a l e n t  t o  about  8000 f e e t  o r  l e s s  when f l y i n g  a t  an alti- 

t u d e  of  41,000 f e e t .  A s  t h e  p l a n e  ascends  above 41,000 up 

t o  50,000 f e e t  t h e  cab in  a l t i t u d e  w i l l  t end  t o  r i s e .  This  

rise ( i . e .  lowering o f  t h e  a i r  p r e s s u r e )  i s  a c c e l e r a t e d  by Ithe 

f a c t  t h a t  t h e  F ly inq  I n f r a r e d  Telescope u t i l i z e s  a c o n t r o l l e d  

cab in  a i r  l e a k  around t h e  pseudo a i r b e a r i n g  a t  t h e  f r o n t  of 

t h e  t e l e s c o p e  tube .  The r e s u l t i n g  c a b i n  a l t i t u d e  i s  about  

18,000 f e e t  when f l y i n g  a t  50,000 f e e t .  

Man can perform work a t  a l t i t u d e s  between 10,000 and 43 ,000  

feet  b u t  must have supplemental  oxygen. Therefore  s i n c e  t h e  

a i r c r a f t  c a b i n  a l t i t u d e  i s  running a t  18,000 t o  20,000 f e e t  

oxygen must be  supp l i ed  t o  a l l  t h e  crew members. However b rea th -  

i n g  oxygen i s  supp l i ed  f o r  two o t h e r  reasons :  (1) The o p e r a t i o n a l  

c e i l i n g  wi th  conven t iona l  oxygen equipment i s  43,000 f e e t ,  

For o p e r a t i o n  h i g h e r  t h a n  50,000 f e e t  p r o t e c t i v e  d e v i c e s  such 

as p r e s s u r e  s u i t s  must be  used,  I t  i s  t h i s  7,000 f o o t  r eg ion  

t h a t  p rov ides  t h e  most concern i n  t h e  even t  o f  an exp los ive  

decompression o f  t h e  cab in .  I n  such a c a s e ,  t h e  a i r c r a f t  m u s t  

immediately descend t o  43,000 f e e t  o r  below a s  t h e  t o t a l  u s e f u l  

consc iousness  o f  t h e  crew memebers i s  measured i n  t e n s  of seconds 

when exposed t o  t h e  low ambient  p r e s s u r e  above 43,000 f e e t ,  

A s  t h e  s h i p  descends below t h i s  a l t i t u d e ,  a  crew us ing  pres- 

s u r e  b r e a t h i n g  techniques  would a g a i n  s t a r t  g e t t i n g  enough 

oxygen t o  be  a l e r t  and a c t i v e  f o r  a s a f e  r e t u r n  t o  base ,  and 

(2 )  Pre -brea th ing  of  100% oxygen b e f o r e  each f l i g h t  g r e a t l y  

reduces  t h e  l i k e l i h o o d  of  crew members being a f f e c t e d  by bends 

( a p a i n f u l  c o n d i t i o n  caused by n i t r o g e n  g a s  bubbles  coming o u t  

of s o l u t i o n  i n  f l u i d s  and t i s s u e s  of  t h e  body a t  h igh  a l t i t u d e ) ,  

F igu re  13  shows t h e  obse rve r  and t e l e s c o p e  conf igured  f o r  a 

h igh  a l t i t u d e  miss ion .  





E. MISSION PLANNING : 

The successful completion of a series of observational 

missions requires close coordination by the observers with 

several organizational groups within NASA Ames Research 

Center. The Flyinq Infrared Telescope program has been 

helped immensely from its inception by the attitude of 

helpful co-operation prevalent at Ames. On many occasions 

this has extended far beyond the usual amenities extended 

to a guest. 

The nature of our mission demands night work, The 

program has been deliberately kept small so that an expen- 

sive standing support group at the Center would not be 

necessary. Consequently, there have been times when men 

who have already worked all day at their regular jobs 

have continued to assist us far into the night so that 

a mission could be launched. We are aware that the 

government cannot in all cases compensate individuals 

who have provided vital help under these circumstances 

but nevertheless we, the observers, are very grateful, 

An observer's initial contact with the Center is 

through the Airborne Science office. Scheduling of the 

research observer time on the aircraft is handled through 

Robert Cameron of that office. He is responsible for 

liaison between the groups mentioned below. At the same 

time he has encouraged the observers to become well 

acquainted with the people involved within these groups, 

This policy has led to a mutual understanding of problems 

and almost certainly to a more efficient utilizatj-on of t ime,  

(1) Navigation - - the  navigator^, Jack Krupa and Robert 

Morrison, working within the Airborne Science Office provide 



a l l  miss ion  parameters  t o  t h e  p i l o t s  i n  a  form which mini- 

mizes t h e  work r e q u i r e d  p r i o r  t o  f i l i n g  a  f l i g h t  p l a n .  For  

each  miss ion  o r  s e r i e s  o f  mi s s ions  t h e  o b s e r v e r ( s )  g i v e  t h e  

co -o rd ina t e s  o f  t h e  as t ronomica l  o b j e c t s  t o  t h e  n a v i g a t i o n a l  

team. A computer program i n i t i a l l y  w r i t t e n  by Douglas A i r -  

c r a f t  Co. under an Arnes c o n t r a c t  t o  p rov ide  a i r c r a f t  f l i g h t  

p a t h  in format ion  f o r  a  s o l a r  e c l i p s e  has been modif ied t o  

p rov ide  a  p r i n t - o u t  o f  Lear  J e t  heading vs  t ime f o r  each 

b0d.y t o  be  observed.  I n  p r e p a r a t i o n  f o r  a  3 body mission. 

t h e  n a v i g a t o r s  t a k e  t h e  3 p r i n t o u t  s h e e t s  and p l o t  t h e  t r a c k  

l i n e s  on an  a e r o n a u t i c a l  c h a r t .  A t  t h i s  p o i n t  it may be  

neces sa ry  o r  d e s i r a b l e  t o  s h i f t  t h e  t r a c k s  i n  l a t i t u 2 e  and/or 

make s l i g h t  changes i n  t h e  obse rv ing  t ime s o  t h a t  t h e  e n t i r e  

miss ion ,  i n c l u d i n g  cl imb o u t  and l e t  down, w i l l  b e  completed 

w i t h i n  t h e  3 hour b lock  t ime Lear  J e t  range .  The r e s u l t i n g  

f l i g h t  p l a n  i s  g e n e r a l l y  corr~pleted 1 2  t o  2 4  hours  b e f o r e  a 

miss ion  and w i l l  t a k e  i n t o  c o n s i d e r a t i o n  t h e  t e r m i n a l  weather  

and upper winds f o r e c a s t .  

( 2 )  F l i g h t  Opera t ions  - the  f l i g h t  o p e r a t i o n s  o f f i c e ,  under 

t h e  d i r e c t i o n  o f  George Cooper has p rov ided  a l l  p i l o t  suppor t  

f o r  t h e  F l y i n g  I n f r a r e d  Telescope.  I n i t i a l l y  i n  1967  and 1968 

most o f  t h e  f l y i n g  was done by Glen S t i n e t t e  and/or Gordon Hardy, 

During t h i s  p e r i o d  bo th  o f  t h e s e  p i l o t s  gave u n s t i n t i n g l y  o f  

t h e i r  t ime i n  t h e  development of  t h e  o p e r a t i o n a l  t echniques  nec- 

e s s a r y  f o r  a  s u c c e s s f u l  F ly inq  I n f r a r e d  Telescope program, 

Beginning i n  1969, a s  shown i n  Table  I ,  t h e  f l y i n g  load inc reased  

and g r a d u a l l y  a l l  o f  t h e  o t h e r  p i l o t s  have been brought  i n t o  t h e  

program. The p i l o t s  have o t h e r  pr imary a e r o n a u t i c a l  r e s e a r c h  

r e s p o n s i b i l i t i e s  b u t  n e v e r t h e l e s s  have made a  ve ry  s u b s t a n t i a l  

c o n t r i b u t i o n  t o  t h e  -program1 s s.uccess.  



I n  s e c t i o n  111 D ,  we have d i s c u s s e d  t h e  need f o r  supple-  

mental  b r e a t h i n g  oxygen. Richard G a l l a n t  has  ve ry  capably 

handled t h e  p e r s o n a l  equipment s e c t i o n  (02 masks, he lmets ,  

r e s c u e  and s a f e t y  equipment)  du r ing  t h e  p e r i o d  covered by 

t h i s  r e p o r t .  

( 3 )  A i r c r a f t  S e r v i c e s  - A i r c r a f t  ground maintenance suppor t  

has  been provided  by A i r c r a f t  S e r v i c e s  under  Anthony Bengiveno, 

Three d i f f e r e n t  a i r c r a f t  have been used (Lear  model 2 3 )  and it 

is  imposs ib le  t o  c r e d i t  everybody who has been involved ,  However 

t h e  fo l lowing  men have se rved  a s  crew c h i e f  on t h e  Lear Set for 

impor tan t  p e r i o d s  a t  some t ime o r  another :  Robert  I'inliey, 

James Cox, Leroy Monroe, V i c t o r  Bravo, and L e s l i e  VideTI, Other 

mechanics have on a few occas ions  f i l l e d  t h i s  ve ry  important  

p o s i t i o n .  Good maintenance,  performed i n  a t ime ly  manner has 

been e s s e n t i a l  t o  a  program t h a t  c a l l s  f o r  t ake-of f  zt a pre -  

c i s e l y  s t a t e d  t ime.  

( 4 )  A i r c r a f t  I n s p e c t i o n  - t h e  A i r c r a f t  I n s p e c t i o n  Branch 

under Jacob  Smith has  t h e  r e s p o n s i b i l i t y  f o r  independent ly  

i n s p e c t i n g  a l l  mechanical  work done on t h e  Lear  J e t  and certi- 

f y i n g  t o  t h e  p i l o t  t h a t  t h e  a i r c r a f t  i s  f l i g h t  worthy.  The 

i n s p e c t i o n  f u n c t i o n ,  whi le  sometimes a  minor i r r i t a n t  to a n  

impa t i en t  o b s e r v e r ,  s e r v e s  a s  a d d i t i o n a l  i n su rance  t h a t  the 

miss ion  w i l l  be  s a f e l y  and s a t i s f a c t o r i l y  completed,  JIr, S m i t h  

has  on s e v e r a l  occas ions  made sugges t ions  which s i m p l i f i e d  t h e  

t e l e s c o p e  i n s t a l l a t i o n .  



F .  THE MISSIONS: 

The c h r o n o l o g i c a l  r e c o r d  o f  F l y i n s  I n f r a r e d  T e l e s c o p e  - 

m i s s i o n s  i s  c o n t a i n e d  i n  T a b l e  I. A l l  f l i g h t s  have  originated 

a t  NASA Arnes  Resea rch  C e n t e r  w i t h  t h e  e x c e p t i o n  o f  two exped- 

i t i o n s .  M i s s i o n s  20 t h r o u g h  23  o r i g i n a t e d  from E l l i n g t o n  

AFB, Texas .  M i s s i o n s  100 t h r o u g h  107 o r i g i n a t e d  from Howard 

AFB, C a n a l  Zone. 

The t e l e s c o p e  was u s e d  by C.  R. O 'De lP  e a r l y  i n  1970  an2 

by t h e  f a r  i n f r a r e d  i n t e r f e r o m e t e r  g r o u p  a t  NASA-Ames under 

F r e d  W i t t e b o r n  on s e v e r a l  o c c a s i o n s  i n  1971 .  

TABLE 1 -- 

FLYING INFFLAID TELESCOPE 

FLIGHT RECORD 

M i s s i o n  
Number D a t e  

(1) 10 Oc t  68 
(2  ) 23 O c t  68 
( 3 )  2 4  O c t  68 
(4) 25 Oc t  68 

(5 )  1 9  Nov 68  
( b e f o r e  dawn) 

(6)  1 9  Nov 68 
( e v e n i n g )  

( 7 )  2 1  Nov 68 
(8) 22 Nov 68 

(9 )  2  D e c  68 
(10)  3  Dec 68  
(11)  4 D e c  68 

(12) 6  Feb 69 
(13 )  10 Feb  69  
(14.) 10 Feb 69 

O b s e r v a t i o n a l  O b j e c t i v e  

y D r a  - S a t u r n  
y D r a  - S a t u r n  
y Dra - S a t u r n  
y D r a  - S a t u r n  

J u p i t e r  - Mars 

a O r i o n  - Orion  Nebula 

J u p i t e r  - Mars 
J u p i t e r  - Mars 

S a t u r n  - a O r i o n  - O r i o n  Nebula 
J u p i t e r  - a Boo - Mars 
J u p i t e r  - a BOO - Mars 

E n g i n e e r i n g  T e s t  F l i g h t  
E n g i n e e r i n g  T e s t .  F l i g h t  (Venus) 
S a t u r n  - O r i o n  Nebula - M-31 

Gillespie 
Gil9espi.e 



M i s s i o n  
Number Date  

(15)  12 Feb 69 

O b s e r v a t i o n a l  O b j e c t i v e  

S a t u r n  - Orion  Nebula - M-31 

Obser 

Auman n 

~ O K  Background Exper iment  
( F l i g h t  T e s t )  

(17)  24 Apr 69 D a y l i g h t  E n g i n e e r i n g  T e s t  F l i g h t  on 
Venus t o  check Gyro R o l l  S t a b i l i z a -  
t i o n  System 

G i l l e s p i e  

25 Apr 69 E n g i n e e r i n g  T e s t  F l i g h t  on Moon 

6  J u n  69 E n g i n e e r i n g  T e s t  F l i g h t  on Noon G i l l e s p i e  
Aurn a 12 n 
L O W  

Low 5: Aumann 
Low Clx A u m a n ~  
Low & G i l l e s p i e  

10 J u n  69 
11 J u n  69 
12 J u n  69 
13  J u n  69 

G a l a c t i c  C e n t e r  - Mars 
G a l a c t i c  C e n t e r  - Mars 
G a l a c t i c  C e n t e r  - Mars 
G a l a c t i c  C e n t e r  - Mars 

1 8  Aug 69 E n g i n e e r i n g  T e s t  F l i g h t  on Moon G i l l c s p i e  & 

Aumal-in 
Low 
Lo-& 
G i L L e s p i e  6 
Aurnavln 
G i l l e s p i c  ic. 

Rumarin 
Low 

1 9  Aug 69 
20 Aug 69 
2 1  Aug 69 

G a l a c t i c  C e n t e r  - Mars 
G a l a c t i c  C e n t e r  - Mars 
G a l a c t i c  C e n t e r  - Mars 

22 Aug 69 D a y l i g h t  E n g i n e e r i n g  T e s t  F l i g h t  
(Noise  T e s t s )  

G a l a c t i c  C e n t e r  - Mars 
(2nd F l i g h t )  

G a l a c t i c  C e n t e r  - Mars 
G a l a c t i c  C e n t e r  - Mars 

22 Aug 69 

25 Aug 69 
26 Aug 69 

Low & Ammarin 
Low &: Aurnann 

2  S e p t  69 
3  S e p t  69 
3 S e p t  69 

NGC 1068 
E n g i n e e r i n g  T e s t  F l i g h t  
NGC 1068 (2nd F l i g h t )  

Low 
Low &C Aumacn 
Low 

3  Feb 70 
4  Feb 70 
5 Feb 70 

E n g i n e e r i n g  T e s t  F l i g h t  
S a t u r n .  and Comet Tayo-Snto-Koska 
S a t u r n  and Comet Tago-Sato-Koska 

Low St G i l l e s p j - e  
L O N  G 0'11~311 
G i L l e s p i e  6 
0 "ell 

G i l l e s p i e  6 
Gautl-i e n  
G i l l c s p i e  6 

Gau i-licn 
C i l L e , i p j _ e  & 

Ca~1-i J ~ e n  

11 Feb 70 J u p i t e r  

11 Feb 70 I R  O b j e c t  i n  o r i o n  and J u p i t e r  
(2nd F l i g h t )  . 

NGC-1068 and S a t u r n  12 Feb 70 



M i s s i o n  
Number D a t e  

(41 )  1 2  Feb 70 

(42)  18 Feb 70 

(43)  1 9  Feb 70 

(44)  1 9  Feb 70 

(45)  24 Feb  70 

(47)  24 Mar 70 

(48)  26 M a r  70 
(49) 27 Mar 70 
(50)  3 1  Mar 70 

(51)  1 Apr 70 

(52)  2  Apr 70 
(53)  3 Apr 70 
(54)  22 Apr 70 

(55)  23 Apr 70 

(56)  24 Apr 70 

(571 6  May 70 
(58)  7  May 70 
(59) 8 May 70 
(60)  1 9  May 70 

(61)  20 May 70 
(morning)  

(62 )  20 May 70 

(63)  17  J u n e  70 

(64)  23 J u n e  70 
(65)  24 J u n e  70 

O b s e r v a t i o n a l  O b j e c t i v e  

I R  O b j e c t  i n  O r i o n  and  J u p i t e r  

NGC-1068, Mars, S a t u r n  and  
I R  O b j e c t  i n  Leo 
NGC-1068, Mars,  S a t u r n  and  
I R  O b j e c t  i n  Leo 
J u p i t e r  and  a l t i t u d e  dependence  
s t u d y  o f  t h e  r e c e i v e d  I R  s i g n a l  
NGC-1068, Mars,  S a t u r n  and  

I R  O b j e c t  i n  Leo 
S tudy  o f  n o i s e  c h a r a c t e r i s t i c s  
a t  h i g h  a l t i t u d e  

E n g i n e e r i n g  T e s t  F l i g h t  t o  
E v a l u a t e  No i se  C h a r a c t e r i s t i c s  
O r i o n  Nebula - J u p i t e r  
Comet B e n n e t t  - J u p i t e r  
Comet B e n n e t t  - J u p i t e r  

Comet B e n n e t t  - J u p i t e r  - Moon 
w i t h  I n v e s t i g a t i o n  of LWIR 
A t t e n u a t i o n  v s  A l t i t u d e  
O r i o n  Nebula - J u p i t e r  
Galact ic  C e n t e r  Region  - J u p i t e r  
G a l a c t i c  C e n t e r  Region  - J u p i t e r  

G a l a c t i c  C e n t e r  Region - J u p i t e r  

G a l a c t i c  C e n t e r  Region - J u p i t e r  

G a l a c t i c  C e n t e r  Region 
G a l a c t i c  C e n t e r  Region - J u p i t e r  
G a l a c t i c  C e n t e r  Region 
G a l a c t i c  C e n t e r  Region - J u p i t e r  

G a l a c t i c  Nebula M-17 - J u p i t e r  

Venus - J u p i t e r  

E n g i n e e r i n g  T e s t  F l - i g h t  
2  D e t e c t o r  System 

J u p i t e r ,  G a l a c t i c  C e n t e r ,  Moon 
Jupiter, Galact ic  C e n t e r ,  M82, 

Moon 

Gillespie & 

Cautben 
Low & GilLespie 

Low Sc Cau"cl,en 

Gillespie & Low 

Giliespie & 

@au.tiien 
Cail."chen 
Gillespie 
Gillespie SL 
Q "ell 

GilLespie 
L0-d 
Aumznn & 

GilI..c?spi.e 
Au-nann 6i 

(;iilespie 
Aramsrln & 

G i  l l e s p i e  
Low &C Aumann 
Low & Aumacn 
Low Sr Harper 
Aumax-in & 

Gillespie 
Aumann & C a o t h e n  

Low & Cau then  

Auinann & Harper 
Aurnann 1; Low 



M i s s i o n  
Number D a t e  

(66)  25 J u n e  70 
(67)  2 5 J u n e 7 0  

O b s e r v a t i o n a l  O b j e c t i v e  

J u p i t e r ,  Galact ic  C e n t e r ,  M82 
Venus 

Low c; Harper 
Low & H a r p e r  

(68)  6  O c t  70 E n g i n e e r i n g  T e s t  F l i g h t  
J u p i t e r  - Moon 

Venus, J u p i t e r ,  Moon 

G i l l i e s p i c  ii. 

Cau then 
G i l l e s p i e  Si: 
H a r p e r  
Harper & 

Cauthcn 
LOW & H a r p e r  
Low 6: C a u t b e n  

(69)  7  O c t  70 

(70)  8 O c t  70 Venus, J u p i t e r ,  Moon 

(71)  1 2  O c t  70 
(72)  1 3  O c t  70 
(73)  1 5  Oc t  70 
(74)  22 O c t  70 
(75)  23 O c t  70 
(76)  26 O c t  70 

M-17 S a t u r n  
M-17 S a t u r n  
O r i o n  Nebula NGC 7027 
M-17 S a t u r n  
W-51 NGC 2024 O r i o n  Neb 
K3-50 DR21 NGC 7027 

H a r p e r  & Low 
Low & G i l l e s p i e  
l i r a r p e r  & Low 
H a r p e r  6: 
G i l l e s p i e  
H a r p e r  6: 
G i l l  e sp i e  

(77)  27 O c t  70 W-49 - W-51 - O r i o n  Nebula 

(78)  1 D e c  70 E n g i n e e r i n g  T e s t   light 
Dual  Bolo System 
S a t u r n  - NGC 1068 

Low & Cau then  

(79)  1 Dec 70 G i l L e s p i e  & 

C a u t ' i i e l ~  
G i l l c s p i e  & 

Cauthen 
LOW & C a u t h e n  
G i l l - e s p i e  & 

C a u k h e e n  
H a r p e r  & Cauthen 
H a r p e r  & 

G i l L c s p i c  

(80)  2  D e c  70 S a t u r n  - NGC i068-M82 

(81)  3 D e c  70 
( 8  2  ) 7  D e c  70 

(83)  9  D e c  70 
(84)  11 D e c  70 

S a t u r n  - NGC 1068-M82 
S a t u r n  - NGC 1068-M82 

NGC 2024, O r i o n  Nebula 
O r i o n  Nebula ,  W-3 

T e l e s c o p e  Focus  F l i g h t  G i l l c s p l e  &. 

Krlarper 
G i l l e s p ~ e  & 

C a u ~ h e n  
Warpcr 6: C c i u t h e n  
C i l l c s p l i e  & 

P a t t e r s o n  
G i l l e s p i e  d 
Carnei~on 

(85)  4  J a n  7 1  

(86)  6  J a n  7 1  Mars - Venus - J u p i t e r  

S a t u r n  O r i o n  
M a r s   e enu us - J u p i t e r  

(87)  7  J a n  7 1  
(88)  7  J a n  7 1  

(89)  7  J a n  7 1  , E n g i n e e r i n g  T e s t  F l i g h t  
Low A l t i t u d e / ~ o c a l  A r e a  
Mylar e v a l u a t i o n '  
S a t u r n  (90)  29 J a n  7 1  

(91)  8  Feb  7 1  
(morning)  

(92)  8  Peb 7 1  
( e v e n i n g )  

Jupi te r -Mars-Venus  

Sa tu rn -Or ion  . 



M i s s i o n  
Number Da te  

(93)  9  Feb 7 1  
(94) 10  Feb 7 1  
(95)  1 1 F e b 7 1  
(96) 17  Feb 7 1  

(97)  9  March 7 1  
(98)  10  March 7 1  
(99)  10 March 7 1  

(100) 17  March 7 1  

(101) 18  March 7 1  
(102) 1 9  March 7 1  
(103) 22 March 7 1  
(104) 24 March 7 1  

(morning) 
(105) 24 March 7 1  

(even ing)  
(106) 2 5 M a r c h  7 1  

(even ing)  
(107) 26 March 7 1  

(morning) 

(108) 22 Apr 7 1  
(109) 24 Apr 7 1  
(110) 29 Apr 7 1  

(111) 29 Apr 7 1  

(112) 29 Apr 71 

(113) 18 May 7 1  
(114) 1 9 M a y  7 1  

(115) 19  May 71 

(116) 20 May 7 1  
(117) 20 May 7 1  
(118) 2 1  May 7 1  

(119) 25 May 1971  
(120) 26 May 1971  
(121) 27 May 1971  

(122) 27 May 1971  

O b s e r v a t i o n a l  O b j e c t i v e  1 
i 

T r a i n i n g  F l i g h t  f o r  Ames P e r s o n n e l  
T r a i n i n g  F l i g h t  f o r  Ames P e r s o n n e l  
T r a i n i n g  F l i g h t  f o r  A m e s  P e r s o n n e l  

T r a i n i n g  F l i g h t  f o r  A m e s  P e r s o n n e l  

S a t u r n  - Orion  
Venus ( d a y l i g h t  f l i g h t )  
S a t u r n  - Orion  
O r i o n  Nebula-Carinae Nebula 
V i s u a l  f a m i l i a r i z a t i o n  o n l y  
E n g i n e e r i n g  T e s t  F l i g h t  
Or ion  Nebula-Car inae  Nebula 
Or ion  Nebula 
Mars 

Witteborn & Swift 
Caroff 6c El-iclcson 
Caroff & Erickson 
Witteborn & 

Erickson 
Low & GiLlespie 
Gillespie &C Swift 
Low & Boygess 
Low & Gillcspie 

Low & Gillespre 
Low (5 Gillcspie 
Low & Gilicspie 
Low & Gillcspie 

Orion  Nebula-q C a r i n a e  and Low & Gillespie 
C a r i n a  Nebula 
Or ion  Nebula - q C a r i n a e  and Low & CLllespie 
C a r i n a e  Nebula - J u p i t e r  
Mars Low h Gilj?spie 

J u p i t e r  - Venus 
J u p i t e r  - Venus 
E n g i n e e r i n g  T e s t  F l i g h t  
(1st F l i g h t )  
E n g i n e e r i n g  T e s t  F l i g h t  
(2nd F l i g h t )  

Moon 
(3rd F l i g h t )  

J u p i t e r  
Moon 
(1st F l i g h t )  

J u p i t e r  
(2nd F l i g h t )  
J u p i t e r  
Moon 
Moon 

G a l a c t i c  C e n t e r  - J u p i t e r  
G a l a c t i c  C e n t e r  - J u p i t e r  
G a l a c t i c  C e n t e r  - J u p i t e r  
(1st F l i g h t )  
E n g i n e e r i n g  T e s t  F l i g h t  
(2nd F l i g h t )  

Erickson & Swift 
Caroff 6. E:;: iclcsor! 
Caroff & Swift 

E:rickson & Swift 

Witteborn & 

3ri ckson 
Witteborn A Swift 
Clarof E & E? iclcson 

Witteborn fi Swift 
Wi tteborn h Swift 
Wittebarrn c;, 
Erickson 
Harper & CALI t h e n  
Harper & C-uthen 
Harper & Cauthen 

Harper & C n u t h c n  



I V .  PROPERTY INVENTORY: 

The following l i s t  of  p roper ty  bas been purchased 

f o r  use on the  Flyinq I n f r a r e d  Telescope program. 

(1) Polaro id  camera: model 88, complete with case .  
Acquis i t ion  cos t :  $510. 
Use: In  r egu la r  use f o r  p repara t ion  o f  te lescope  

s t a r  f ind ing  c h a r t s .  

( 2 )  Lear J e t  window (escape hatch modified as  the  
te lescope  mount. 

Acquis i t ion  cos t :  $821. 
User To hang t h e  Fly ing  I n f r a r e d  Telescope i n  -- 

t he  Lear J e t .  

( 3 )  Wallace and Tiernan Aneroid Monometer 
Acquis i t ion  cos t :  $415. 
Use: To monitor vapor p ressu re  over t h e  l i q u i d  

helium used. f o r  d e t e c t o r  cool ing .  

( 4 )  Welch S c i e n t i f i c  vacuum pump 
Acquis i t ion  cos t :  $ 2 3 2 ,  
Use: To reduce the  vapor p ressu re  ( i . e .  t o  
provide cool ing  below the  X p o i n t )  of  t h e  l i q u i d  
helium used f o r  f l i g h t  Dewar cool ing,  

( 5 )  Techni-Rite s t r i p  c h a r t  recorder  
Acquis i t ion  cos t :  $4.56, 
Use: To provide i n f l i g h t  rea l - t ime "quick look" 

c a p a b i l i t y  and t o  serve  a s  back up t o  mag- 
n e t i c  recording system. 

The Government has been asked f o r  t r a n s f e r  of  t i t l e  

on t h e  above proper ty  items purchased on t h i s  NASA grant, 



V. OBSERVATIONAL RESULTS: 

A. I n t r o d u c t i o n  

The o b s e r v a t i o n a l  program f o r  t h e  30 c m  F ly ing  I n f r a r e d  - 

Telescope can be  d i v i d e d  i n t o  two p a r t s :  (1) Study o f  t h e  

f a r - i n f r a r e d  emiss ion  o f  t h e  p l a n e t s ,  and ( 2 )  The s tudy  o f  

t h e  f a r - i n f r a r e d  emiss ion o f  b r i g h t  g a l a c t i c  and e x t r a g a l -  

a c t i c  sou rces .  So f a r ,  o u r  e f f o r t  has  been d i r e c t e d  tow2rd 

u t i l i z i n g  ex t remely  l a r g e  s p e c t r a l  band wid ths  t o  cover t h e  

e n t i r e  r e g i o n  between 25 and 300p where o b s e r v a t i o n s  w i t h  

groundbased in s t rumen t s  a r e  n o t  p o s s i b l e .  Thus, t h e  s p e c t r a l  

r e s o l u t i o n  f o r  a l l  o f  ou r  s t u d i e s  is ve ry  low. However, i t  

w i l l  b e  seen  t h a t  because t h i s  p o r t i o n  o f  t h e  e l ec t romagne t i c  

spectrum was v i r t u a l l y  unexplored a t  t h e  o u t s e t  o f  t h i s  pro- 

gram many new and fundamental  r e s u l t s  have been o b t a i n e d ,  

Most o f  t h e  r e s u l t s  have a l r e a d y  appeared i n  t h e  lir-- 

e r a t u r e  and t h e y  w i l l  be  summarized he re  b y  g i v i n g  on ly  t h e  

a b s t r a c t  o f  t h e  p u b l i c a t i o n  and t h e  r e f e r e n c e .  There a r e  cwo 

excep t ions  t o  t h i s ;  (1) a  s t u d y  o f  t h e  s p e c t r a  o f  J u p i t e r ,  

S a t u r n ,  and Venus, and ( 2 )  a  s tudy  o f  t h e  Car inae Nebula and 

E t a  Car inae  made on a  r e c e n t  e x p e d i t i o n  t o  t h e  Panama Canal  

Zone. Because t h e s e  r e s u l t s  a r e  no t  y e t  pub l i shed ,  t hey  w i l l  

b e  d e s c r i b e d  i n  somewhat more d e t a i l  i n  t h i s  r e p o r t .  

B .  P l a n e t a r y  S t u d i e s  

1. The I n t e r n a l  Powers and E f f e c t i v e  Temperatures o f  "- 
~ u p i t e r  and S a t u r n .  H. H. Aumann and C .  M. G i l l e s p i e ,  Jr, - 
(Department o f  Space Sc i ence ,  Rice U n i v e r s i t y ,  Houston, 'i'exas ) , 
and F. J. Low ( ~ e p a r t m e n t  o f  Space Sc i ence ,  Rice U n i v e r s i t y ,  
Houston, Texas;  and Lunar and P l a n e t a r y  Labora tory ,  U n i v e r s i t y  
o f  ~ r i z o n a ,  Tucson, Ar i zona ) .  The As t rophys i ca l  J o u r n a l ,  
Vo1.157, 1969.  The t o t a l  power e m i t t e d  by J u p i t e r  and Saturn 



has been measured by observing the planets from a jet air- 
craft at 15-km altitude with a telescope system open from 
1.5 to 350~. The two planets were found to radiate 2-7 
and 2.4 times the amount of power they receive from the 
Sun, respectively. These new results put observational 
restraints on models for the internal structures and 
atmospheres of the two planets, 

The Far Infrared Continuum of Venus, Jupiter, and S ? t u r n  --- 

This Paper by D .  A. Harper Jr., K. R. Armstrong, and F, J, ~ o w  

is in preparation. Here, we will give a brief account of ths 

principal results. Aumann, Gillespie, and Low, A p P  ii-* V o L ,  157, 

1969 measured the total far-infrared flux emitted by Jupiter 

and Saturn and determined the absolute temperature of t1ior;e 

bodies. We have now undertaken to determine the spectral 

character of the radiation from these three brightest planets, 

A similar study for Mars is still in progress, and those r e s u l t s  

will not be discussed at this time, The observations are s 1 . 7 ~ ~ -  

marized in Figures 14, 15, and 16. The horizontal error bar; 

indicate the approximate width of the various filters ulillccd, 

The vertical error bars indicate uncertainties in the flxxes 

based primarily on uncertainties in the calibration procedures, 

In all cases, the signal-to-noise ratio was high and ehe obscr- 

vations were easily repeated. It can now be seen that for 

these three planetary bodies, departures from the Planck d i s - -  

tribution given by the measured effective temperature and 

shown in these graphs as a solid curve, are small, Goth pub-- 

lished and nonpublished results at shorter wavelengths have 

been included, 

A detailed account of the absolute calibration procedure 

employed in this study will be found in a Master's thesis 

submitted to Rice University by' K. R, Armstrong in May, 1971. 



Thi s  t h e s i s  a l s o  e x p l a i n s  i n  some d e t a i l  t h e  v a r i o u s  obser- 

v a t i o n a l  problems and t h e  sou rces  o f  e r r o r .  

Many o f  t h e  u n c e r t a i n t i e s  i n  c o n s t r u c t i n g  models t o  

d e s c r i b e  t h e  behavior  o f  t h e  atmospLsres of Venus, Jupiter, 

and Sa tu rn  have now been removed by t h e  a c t u a l  measurement 

o f  t h e  f a r  i n f r a r e d  s p e c t r a  o f  t h e s e  p l a n e t s .  There do 

appear  t o  be  sma l l  b u t  s i g n i f i c a n t  d e v i a t i o n s  from Planckian 

behavior  which should  be  examined w i t h  h i g h e r  s p e c t r a l  reso-  

l u t i o n  and h ighe r  a b s o l u t e  p r e c i s i o n .  

F i n a l l y ,  it should be  noted t h a t  t h e s e  measurements 

c o n s t i t u t e  an a b s o l u t e  c a l i b r a t i o n  o f  t h e s e  b r i g h t  fsr 

i n f r a r e d  sou rces  enab l ing  them t o  be  u t i l i z e d  a s  s t anda rd  

sou rces  f o r  s tudy  o f  o t h e r  c e l e s t i a l  b o d i e s .  

The observed. i n f r a r e d  s u r f a c e  b r i g h t n e s s  o f  Venus i.s 

shown i n  F igu re  1 4 -  The b l a c k  body emiss ion  cor responding  

t o  t h e  tempera ture  expec ted  f o r  a  h i g h l y  conduc t ive  sphere  

i n  r a d i a t i v e  e q u i l i b r i u m  w i t h  s o l a r  i n s o l a t i o n  a t  t h e  o r b i t  

o f  Venus i s  i n d i c a t e d  by t h e  s o l i d  curve (Bond albedo A-0,77), 

The dashed curve r e p r e s e n t s  t h e  s o l a r  f l u x  r e f l e c t e d  from an  

i n t r i n s i c a l l y  whi te  sphere  a t  t h e  o r b i t  o f  t h e  p l a n e t ,  The 

d o t t e d  curve is taken  from G i l l e t t ,  Low, and S t e i n  and 

shows t h e  monochromatic s u r f a c e  b r i g h t n e s s  between 2,aL1 and 

1 4  The open c i r c l e s  a r e  t h e  r e s u l t s  of  ground based ph~to- 

metry a t  1 0 . 2 ~  and 22p o b t a i n e d  by LOW ( lOr l l ) ,  and t h e  f a r  

(9)Absolu te  Spectrum o f  Venus from 2.8 t o  14 Microns.  
F.  C .  G i l l e t t ,  F.  J. Low, and W. A. S t e i n ,  J. A t m .  Sci,, 2 5 ,  - .w 

594, 1968. 
(10)  P l a n e t a r y  Rad ia t ion  a t  I n f r a r e d  and Millimetier Wave- 

l e n g t h s ,  F. J. Low, ~ u l l .  Lowell Obs., - 184, 1965. 

('"Observations o f  Venus, h u p i t e r ,  and S a t u r n  a t  ).201.~, 
L". J, Low, J-., 71, 391, 1966. - - 





i n f r a r e d  a i r b o r n e  radiometry  between 301~. and 300y.  V c r t ~ _ c a l  

e r r o r  b a r s  on t h e  p o i n t  beyond 30y i n d i c a t e  v a r i a t i o n s  f r o m  

t h e  mean o f  one s t a n d a r d  d e v i a t i o n  f o r  s e v e r a l  d e f l e c t i o n s  

o b t a i n e d  from t h e  f l i g h t  o f  8 Feb. 1971. EIorizontal  e r r o r  

b a r s  i n d i c a t e  h a l f  power t r ansmis s ion  p o i n t s  of  t h e  systcm 

response .  The c a l i b r a t i o n  of  t h e  f a r  i n f r a r e d  measurements 

i s  based on broadband o b s e r v a t i o n s  o f  Mars from 30y t o  300y 

us ing  an assumed b l ack  body emiss ion spectrum a t  an effective 

t empera tu re  of  234 K (12) . Wide band f l u x e s  were ob ta ined  

from t h e  broad band c a l i b r a t i o n  and t h e  measured response  

c u r v e s  of  the  f i l t e r s ,  and p l o t t e d  a s  monochromatic f l u x c s  a t  

t h e  e f f e c t i v e  wavelength df  t h e  f i l t e r .  

F igu re  15 shows t h e  observed i n f r a r e d  b r i g h t n e s s  of J u p i t e r ,  

I n  t h i s  ca-se t h e  s o l i d  curve  r e p r e s e n t s  t h e  blackbody em~-ss ion  

corresponding t o  J u p i t e r ' s  measured e f f e c t i v e  tempera ture  

o f  134 K (13) . The dashed curve  h a s  t h e  same meaning a s  F o r  

Venus, and t h e  d o t t e d  curve  i s  t aken  from t h e  narrow banci 

photometry of  G i l l e t t ,  Low and S t e i n  (14.1 . The open c i r c l e s  

have t h e  same meaning a s  i n  t h e  c a s e  of  Venus wi th  khe 

excep t ion  t h a t  t h e  v e r t i c a l  e r r o r  b a r s  a t  5.0,  10.2  and 221~. 

i n d i c a t e  upper and lower l i m i t s  of  observed f l u x e s  i n  1967 

(5.01~. 4 n i g h t s )  and 1969 (10.2 and 22p, 12 n i g h t s )  .  not^ 

t h a t  t h e  photometry a t  10.21~. and 22p was o b t a i n e d  with t e l e s c o p e  

beam d iame te r s  sma l l e r  than  t h e  d iameter  o f  t h e  d i s k ,  her1ce 

l e a d i n g  t o  p o s s i b l e  e r r o r s  and f l u c t u a t i o n s  due t o  beam size 

c o r r e c t i o n s  and p o i n t i n g .  

(12) .The  I n t e r n a l  Powers and E f f e c t i v e  Temperatures of 
~ u p i t e r  and S a t u r n ,  I1.H. Aumann, C.M. G i l l e s p i e ,  J r ,  and F,J- 
LOW, AP- J. 157, L69, 1-369. . 

(13) E.I. H. Aumann, e t  a x . ,  .ope c i t .  

(14) The 2 -8 - 14 - Micron Spectrum of  J u p i t e r f  F. C. 

G i l l e t t ,  F.3. Low, and W.A. S t e i n ,  A p .  J., 157, 325, 1369, 



Figure 15 
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Figure  16 c o n t a i n s  o b s e r v a t i o n s  o f  t h e  i n f r a r e d  b r i g h t ~ l c s ,  

o f  Sa tu rn .  A l l  cu rves  have the  same meaning a s  i n  t h e  case 

o f  ~ u p i t e r ,  t h e  2 . 8  - 14y photometry of  G i l l e t t ,  Low, and 

S t e i n  be ing  taken  from unpubl ished ~ j b s e r v a t i o n s  ob ta ined  

i n  November and December 1968. V e r t i c a l  and h o r i z o n t a l  bzrs 

have t h e  same meaning a s  f o r  ~ u p i t e r ,  and t h e  c a l i b r 3 t i o n  of 

t h e  f a r  i n f r a r e d  o b s e r v a t i o n s  was o b t a i n e d  i n  t h e  same manner 

as d e s c r i b e d  above. 

C. ~ a l a c t i c  and E x t r a g a l a c t i c  Sources  

1. E t a  Car inae 

Our o b s e r v a t i o n s  may be d i v i d e d  i n t o  f o u r  p a r t s :  (A) 
t 

S t u d i e s  of  g a l a c t i c  nebulae ,  p r i n c i p a l l y  H I 1  r e g i o n s ,  (B) 

S t u d i e s  of i n f r a r e d  s t a r s ,  (C)  S t u d i e s  of  t h e  i n f r a r e d  11rae1e:is 

o f  ou r  ga l axy ,  (D) S t u d i e s  of e x t e r n a l  g a l a x i e s  and q u c ? ~ < - ~ r s ,  

The f i r s t  i n f r a r e d  s t a r  t o  be  observed a t  wavelengtlls 

beyond 25p i s  t h e  b r i g h t  s i n g u l a r  ob3ect  i n  t h e  sou thcrn  sLy 

known a s  E ta  Car inae.  The o b s e r v a t i o n s  o f  t h i s  o b j e c t  have 

n o t  been f u l l y  reduced.  However, it appea r s  t h a t  i n  t h e  wave -  

l e n g t h  range between 30 and 100~ t h e  spectrum drops  below t h e  

e x t r a p o l a t e d  P lanckian  continu.um f i t t e d  t o  t h e  groundbased 

o b s e r v a t i o n s .  T h i s  i s ,  i n  g e n e r a l ,  what i s  expected f o r  a12 

i n f r a r e d  s t a r s  which a r e  e m i t t i n g  by t h e  p r o c e s s  of t he r i~ jn l  

r e - r a d i a t i o n  from a  c i r c u m s t e l l a r  envelope of p a r t i c u l a t c  rnaztcr ,  

F u r t h e r  obse rva t ion  of  such o b j e c t s  i n  t h i s  wavelength mcer \ ; . a l ,  

i n  which t h e  c i r c u m s t e l l a r  envel-opes a r e  o p t i c a l l y  t h i q ,  should 

r e v e a l  impor tan t  in format ion  about  t h e  p a r t i c u l a t e  mat tcr  

r e s p o n s i b l e  f o r  t h e  thermal  emiss ion.  

E t a  Car inae  i s  a t  t h e  edge of  a  complex r eg ion  knoi~ll a s  

t h e  Car inae  Nebula. We now have d e t a i l e d  s t u d i e s  of bor1-1 the 

Car inae  Nebula and t h e  Orion Nebula a s  a  f u n c t i o n  of spectral 

and s p a t i a l  d i s t r i b u t i o n .  A s  shown by Harper and Idow li? t h c i i -  



s t u d y  o f  a  number of g a l a c t i c  H I 1  r e g i o n s ,  t h e s e  nebulae  emit 

an enormous f l u x  i n  t h e  f a r - i n f r a r e d .  Most of  t h e  f l u x  

p robably  comes from t h e  H I 1  r e g i o n s  themselves  by means of a 

u n i v e r s a l  mechanism o f  thermal  r e r a d i a t i o n ,  However, i n  b o t v  

t h e  Orion Nebula and t h e  Car inae  Nebula t h e r e  i s  evidcxce of a 

s e p a r a t e  c l a s s  o f  o b j e c t  which i s  n o t  n e c e s s a r i l y  a s s o c i a t e d  

w i t h  t h e  h i g h l y  i o n i z e d  r eg ion .  Angular r e s o l u t i o n  1s the 

key t o  un rave l ing  t h e  n a t u r e  of  t h e s e  o b j e c t s .  We have 

a t tempted  t o  s t e a d i l y  improve t h e  angu la r  r e s o l u t i o n  of o u r  

s m a l l  ins t rument  and have been a b l e  t o  g a i n  some inssqhL i n t o  

t h e  s t r u c t u r e  of t h e s e  complex extended sou rces .  Work In 

t h i s  a r e a  i s  con t inu ing .  

2 .  - Far - In f r a red  Ernissioil From H I 1  R ~ 9 i o n . s .  D ,  A ,  
Harper ( ~ e p a r - t m e n t  of  Space Sc ience ,  Rice U n i v e r s i t y ,  Houston, 
 exa as), and F. J. Low (Department of Space Sc ience ,  R i c e  
U n i v e r s i t y ,  Houston, Texas;  and Lunar and P l a n e t a r y  Laboratory, 
Unj-vers i ty  of  Arizona,  Tucson, Arizona) . The Astrop:hysic:a.l 
J o u r n a l ,  Vole 165,L9-Ll3, 1971. Large f a r - i n f r a r e d .  (45  --750jj.) 
f l u x e s  have been measured. from e i g h t  s o u r c e s  a s s o c i a t e d  with 
g a l a c t i c  HI1 r e g i o n s .  The f a r - i n f r a r e d  o b j e c t s  a r e  ~~1.1-1~:idc?;l,t  
w i th  t h e  thermal  r a d i o  sou rces  DR 21, K3-50, M17, M42, K c  21324, 
W 4 9 ,  and W51. An upper l i m i t  was a l s o  o b t a i n e d  f o r  t h e  plane-- 
t a r y  nebula  NGC 7027. The f a r - i n f r a r e d  l u m i n o s i t i e s  of  t h e  
sources ,  range from 2 x  l o 4  t o  2  x 10 7 Lo- Measurements of 
M17, M42, NGC 2024, W49, and W51 i n d i c a t e  t h a t  t h e  sou rces  a r c  
ex tended ,  a r e  o p t i c a l l y  t h i n ,  and have t empera tu re s  i n  t h e  
range  65O - 1 2 0 ~ ~ .  

3. Fa r - In f r a red  Observa t ions  of  t h e  G a l a c t i c  Cen te l - ,  
H ,  H.  Aumann (Department of Space Sc i ence ,  Rice U n i ~ i e r s ~  Ly, .  
Houston, T e x a s ) ,  and F. J .  Low (Department of  Space Sc icncc ,  
Rice  U n i v e r s i t y ,  Houston, Texas;  and Lunar and P lane t a ry  
Labora tory ,  U n i v e r s i t y  of Arizona,  Tucson, Ar i zona ) .  ?'kc 
c e n t e r  of  ou r  Galaxy has  been observed between 40 arid 3 5 C j i ,  
The measured peak f l u x  of  (8  i 3) x W m-2 HZ-' a t  
(4.2 -t - 2 )  x  1012 Hz  cor responds  t o  a  t o t a l  i n t e  r a t e d  infrared 
f l u x  a t  t h e  Ea r th  of  (2 .8  + 1.0)  x  e r g  sec-' ern--'. If 
a  d i s t a n c e  of  1 0 % ~  i s  assumcd, t h e  t o t a l  i n f r a r e d  lu !n lno ; i l t l ,  
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o f  t h e  g a l a c t i c  nuc l eus  i s  (8 & 3) x  10 L  . The f a r - i n f r a r e d  
d i ame te r  of  t h e  nuc l eus  i s  l e s s  t han  3 '  (PO PC) ,  and i t s  
p o s i t i o n  a g r e e s  t o  w i t h i n  6 '  wi th  t h e  p o s i t i o n  o f  Sag A, 
S i z e  and luminos i ty  c o n s i d e r a t i o n s  s t r o n g l y  f a v o r  a nonLhermal 
model of  t h e  g a l a c t i c  nuc leus  which c o n s i s t s  o f  m u l t i p l e  
sou rces .  A ]lumber o f  d i s c r e t e  sou rces  w i th  f l u x  l e v e l s  of 
abou t  1 .5  x  W m-2 Hz-' were found nea r  t h e  g a l a c t i c  
nuc l eus .  

4,  The Infrared-Galaxy -- Phenomenon. F, J. Low (Depart- - 
ment of  Space Sc i ence ,  Rice  U n i v e r s i t y ,  Houston, Texas;  znd 
Lunar and P l a n e t a r y  Labora tory ,  Un ive r s i t y  o f  Arizona,  Tucson ,  
~ r i z o n a )  , The As t rophys i ca l  J o u r n a l ,  Vol. 159,  1970, An 
ensemble of  i d e n t i c a l  i n f r a r e d  sou rces ,  c a l l e d  i r t r o n s ,  
r a d i a t e s  t h e  q u i e s c e n t  i n f r a r e d  continuum now found t o  ~ h a ~ a c r t c r - -  
i z e  t h e  n u c l e i  of a l l  g a l a x i e s .  Continuous c r e a t i o n  o f  r n n ~ t e r  
and = a n t i m a t t e r  w i t h i n  t h e  i r t r o n s  r e l e a s e s  e n e r g i e s  g r e 2 t e r  
t h a n  e r g s .  The observed i n f r a r e d  continuum r e s u l k s  
from cohe ren t  synchro t ron  d.ecay of  e l e c t r o n s  and p o s i t r o n s  
produced by a n n i h i l a t i o n .  The observed i n f r a r e d  
l u m i n o s i t i e s  form an e v o l u t i o n a r y  sequence beg inn ing  ~ l ? - - th  
QSOs, ex tending  t o  Seyf e r t  g a l a x i e s  and explod ing  g a l a u i e s ,  
and ending w i t h  l a r g e  s p i r a l s  l i k e  o u r  own. 

5 ,  Observa t ions  of G a l a c t i c  and E x t r a q a l a c t i c  S o v r c ~ ~  - -- 
Between 50  and 300 Microns, F. J ,  Low (Department of  Space 
Sc ience ,  Rice  U n i v e r s i t y ,  Houston, Texas; and Lunar and 
P l a n e t a r y  Labora tory ,  Un ive r s i t y  of  Arizona,  Tucson, AL- j  mlm) , 
and H. 13. Aumann (Department o f  Space Sc ience ,  Rice  S in i r e i s r ry ,  
Houston, Texas ) .  We r e p o r t  f a r - i n f r a r e d  o b s e r v a t i o n s  of tlie 
g a l a c t i c  nuc l eus ,  o f  two d i s c r e t e  sou rces  n e a r  t h e  g a l 3 c t x c  
nuc l eus ,  of two sou rces  a s s o c i a t e d  w i t h  H I 1  r e g i o n s ,  znd ef 
two e x t r a g a l a c t i c  sou rces .  A l l  t h e s e  o b j e c t s  have s p e c t r a 7  
d i s t r i b u t i o n s  peaking between 50 and 300y, and t h e i r  I ~ m i n o s -  
i t i e s  range  from 1 - 6  x  l o 5  t o  2  x 1012L , 

0 

Reference should be  made t o  t h e  fo l lowing  review pa-pers 

by F. J. Low which summarize a  number of  r e s u l t s  ob t a ined  

w i t h  t h e  30 cm. F ly inq  I n f r a r e d  Telescope and r e l a t e  t.hem t o  

groundbased o b s e r v a t i o n s ,  



I n f r a r e d  Emission o f  G a l a x i e s  
Semaine d 'E tude  on t h e  Nuc le i  

of  Ga lax ie s ,  Vat ican  C i t y ,  1970. 

I n f r a r e d  As t rophys i c s  
Sc ience  164, No. 3879, 501, 1969. 

G a l a c t i c  I n f r a r e d  Sources  
Bok,Symposium, Tucson, 1970. 

V, SUJYMAKY AND -CONCLUSIONS: 

The twelve-inch (30 cm) F ly inq  I n f r a r e d  Telescoj>c -- -- 

program h a s  proven t h e  i d e a  t h a t  o b s e r v a t i o n a l ,  f a r  i n f r a r e c  

astronomy could  be  performed from a i r c r a f t  f l y i n g  i n  the 

s t r a t o s p h e r e .  The i m p l i c a t i o n s  o f  t h i s  f a c t  a r e  p o t e n t i a l l y  

f a r - r each ing .  Already under development by NASA i s  a s u b - -  

s t a n t i a l l y  l a r g e r  (36"  d iameter )  a i r b o r n e  t e l e s c o p e  w h i c h  

w i l l  be  a v a i l a b l e  t o  t h e  s c i e n t i f i c  community f o r  use dur rny  

t h e  middle y e a r s  o f  t h i s  decade,  

Our a n a l y s i s  i n  1965-1966 i n d i c a t e d  t h a t  p o s s i b l y  i n  t h e  

long run  it would be  more c o s t - e f f e c t i v e  t o  i n s t a l l  f a r  infrared 

t e l e s c o p e s  on space  c r a f t  b u t  t h a t  f o r  a t  l e a s t  a  decade air-- 

c r a f t  would be  more economical.  Although it could n o t  kc 

f o r e s e e n  a t  t h a t  t ime t h e  Space S h u t t l e  may f u l f i l l  this r o l e  

by t h e  l a t e  s e v e n t i e s ,  p e r m i t t i n g  a  modestly funded lndiv~dual 

i n v e s t i g a t o r  t o  perform h i s  own f a r  i n f r a r e d ,  exper iments  i n  

space .  

I n  t h i s  r e p o r t  t h e  o b s e r v a t i o n a l  r e s u l t s  have heen 

d i s c u s s e d  i n  s e c t i o n  I V .  A b s t r a c t s  o f  t h e  more s i g n i f i c a n t  

s c i e n t i f i c  pape r s  coming o u t  of t h e  program have been included, 



These r e s u l t s  a r e  d i v i d e d  i n t o  two s u b j e c t  a r e a s :  p l a n e t a f y  

o b s e r v a t i o n s  and t h e  g a l a c t i c  and e x t r a g a l a c t i c  o b s e r v a t i o n s ,  

Engineer ing  d a t a  and t h e  h i s t o r i c a l  background of  t h e  FI ' 

- 
I n f r a r e d  T e l e s c o ~  have been covered,  I n  t h e  i n t e r e s t  of -- 
completeness ,  a  s e c t i o n  (111-E MISSION PLANNING) has  been 

i nc luded  t o  show t h e  teamwork r e q u i r e d  from t h e  many p ~ o p i e  

who have made p o s s i b l e  t h e  more than  one hundred f l i g h t s  hnre 

r e p o r t e d ,  

Two Ph.D. t h e s e s  and t h r e e  M . S ,  t h e s e s  i n  Space Science 

have emerged d i r e c t l y  from t h i s  program wi th  o t h e r  g rad~~s-c i l  

s t u d e n t s  r e c e i v i n g  some suppor t ,  Another development has 

been t h e  emergence o f  an "in-house" f a r  i n f r a r e d  group a t  

NASA Zmes under t h e  d i r e c t i o n  of  Dr, Fred Wi t teborn ,  This 

group  has  used t h e  F ly inq  I n f r a r e d  Telescope on s e v e r a l  oc- - ~ a s l . ~ o n s  

a s  a  -mount f o r  a  f a r  i n f r a r e d  i n t e r f e r o m e t e r ,  

I n  a d d i t i o n  t o  t h e  b a s i c  NASA suppor t ,  irnprovernen.ts t o  

t h e  t e l e s c o p e ,  i n c l u d i n g  o p t i c s ,  s t a b i l i z a t i o n  and e l e c t r o n i c s  

sys tems ,  were funded by ARPA dur ing  FY '70  under  t h e  tecbr?.ical 

cognizance o f  t h e  A i r  Force  Cambridge Research Labora-::ories, 

We wish t o  acknowledge t h e  con t inu ing  i n t e r e s t  and suppor-L 

of  NASA I ieadquar te rs  and t h e  e n t h u s i a s t i c  co-opera t ion  of 

many pe r sonne l  a t  t h e  Ames Research Cente r ,  The F ly inq  

I n f r a r e d  Telescope has  emerged a s  a unique and v a l u a b l e  sclcn- - 
t i f i c  i n s t rumen t  i n  i t s  own r i g h t  and w i l l  s e r v e  a s  a  L e s t  

bed f o r  even more powerful  i n f r a r e d  t e l e s c o p e s  working above 

t h e  t ropopause ,  


