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CONVERSION OF A SPACECRAFT DESIGNED FOR 

MANNED SPACE FLIGHT TO A RECOVERABLF: 

ORBITING ASTRONOMICAL OBSERVATORY 

By Windsor L. Sherman 
Langley Research Center 

SUMMARY 

A preliminary study has been made of the conversion of a spacecraft designed 
for manned space flight, for example, the Mercury spacecraft, to a recoverable 
orbiting astronomical observatory. The recoverable observatory can be instru- 
mented to perform a wide range of astronomical observations. The optical equip- 
ment used for this study consists of 76-centimeter cassegrainian telescope with 
two secondary mirrors, one for narrow-field and one for wide-field observations. 
The particular conversion of a spacecraft discussed in this paper is for high- 
resolution photography and photometric studies of discrete objects and of the 
interstellar and intergalactic background. Data would be recorded by six cam- 
eras that would cover the electromagnetic spectrum from 1,220 A to 11,000 A. 
The results, which are preliminary in nature, indicate that the conversion is 
feasible and that a worthwhile contribution could be made to astronomy. A n  
information gain up to a factor of 10 over telemeter data recovery systems may 
be obtained provided the fine control system can hold drift to less than the 
0.08 second of arc during any exposure. 
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INTRODUCTION 

The elimination of the earth's atmosphere as an impediment to observation 
has long been the desire of the astronomer. 
nate (1) the selective absorption of the earth's atmosphere, (2) the scintilla- 
tion of the earth's atmosphere as a factor in astronomical seeing and thus 
increase the effective resolution of telescopes, and ( 3 )  the night-sky bright- 
ness caused by photochemical processes in the earth's atmosphere and manmade 
light sources. 

Such an achievement would elimi- 

The development of the capability of launching large earth satellites 
makes possible an orbiting astronomical observatory. If the orbit is at least 
500 kilometers above the earth's surface, the noted atmosphere effects will be 
eliminated as impediments to observation. In addition, the data from the recov- 
erable observatory could be used to establish a reference point for the calibra- 
tion of observations made with earthbound telescopes. 



Current plans for space astronomy are concentrated on a nonrecoverable sat- 
ellite called the Orbiting Astronomical Observatory (OAO) . Because this vehicle 
is nonrecoverable, the data that its instruments obtain must be telemetered back 
to earth. Insofar as can be determined the U.S. 3ational Space Program does not, 
at present, include plans for an unmanned reccverabl,? orbiting astronomical 
observatory or for a recoverable data package that would permit the original 
data to be recovered. 

The man-in-space program has developed a series of recoverable spacecrafts 
for manned space flight. This paper presents the results of a preliminary study 
of the conversion of one of these spacecrafts, the Mercury spacecraft, to a 
recoverable orbiting astronomical observatory. On the basis of this study it 
appears that the conversion is feasible and up to 10 times as much information 
would be obtained from the recoverable observation system as would be obtained 
from telemeter data recovery from a similar observation system mounted in a non- 
recoverable vehicle. In order to obtain the noted information gain the drift of 
the recoverable vehicle and observing system must be less than 0.08 second of arc 
during the time a camera is recording an image. The conversion considered in 
this paper is one for high-resolution photography and would have a band pass from 
1,200 2 to 11,000 B. 

The author wishes to thank Dr. G. C. McVittie, of the University of Illinois, 
and Dr. L. W. Frederick, of the University of Virginia, for their helpful discus- 
sions concerning observations and the image tubes used in the observing system. 

G E N E W  CONSIDE3ATIONS 

Current space astronomy plans for the observation of stars, nebulae, and 
galaxies from satellites in orbit about the earth are based on the use of the 
Orbiting Astronomical Observatory currently under development by the NASA 
Goddard Space Flight Center. This observatory is a nonrecoverable vehicle in 
which the data are telemetered back to earth. There are no immediate plans for 
recovering the original data records from this observatory. 

The man-in-space program has provided the astronomical community with the 
latent ability to recover observational data. The spacecraft used in the Mercury 
and other manned space flight programs are recoverable, and if these could be 
adapted to astronomical observation, the recovery capability would permit the 
recovery of exposed and developed photographic film of astronomical objects. 

Photographic film is one of the best information storage devices yet devised 
and its information content is probably the highest. As a recorder, film, unlike 
other devices, for instance photomultipliers, records the position and the event 
at the same time on the same piece of material. Film records all events that 
are intense enough to register in the field being surveyed. This statement means 
that in addition to the event for which the exposure was made, other events are 
recorded. This additional information can be considered latent in that they are 
not of interest to the observer. This latent information capacity has often 
been used in astronomy to supply additional information on an object after 
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discovery. 
way.) 
phenomena. 

(See refs. 1 t o  3 f o r  examples of t he  use of f i l m  l i b r a r i e s  i n  t h i s  
I n  addition, t h e  recording a b i l i t y  leads t o  accidental  discovery of 

Television and photomultiplier methods a re  i n f e r i o r  t o  f i l m  from an infor-  
mation point of view. (See re fs .  4 and 5 . )  As pointed out i n  reference 5 
(pp. 104-114), f i lm i n  spectroscopic applications contains a t  l e a s t  10 times a s  
much information as a photomultiplier recording of t h e  spectrum. This informa- 
t i o n  advantage should carry over t o  photography i f  the  f i n e  s tab i l iza t ion  system 
i s  suf f ic ien t ly  accurate. 

There are two ty-pes of photographic systems that a r e  competitive f o r  use i n  
space astronoqy; i n  one the  processed f i lm i s  recovered and i n  the  second the  
processed f i lm i s  read and data transmitted by telemeter and t h e  p ic ture  reas- 
sembled from t h e  transmitted data. I n  order t o  compare these two systems, it i s  
assumed that iden t i ca l  telescopes record on the  same f i l m  and both telescopes 
a r e  s t ab i l i zed  i n  the  same way  t o  the  same accuracy. The f i lm has a resolution 
o f  60 l i n e  p a i r s  per  m i l l i m e t e r  f o r  high contrast  objects  when properly devel- 
oped. It i s  assumed that both fi lms are developed i n  the  same way. 

A t  t h e  end of t he  development process each f i lm has t he  same resolution, 
60 l i n e  pa i r s  per  mill imeter,  and t h i s  value i s  a l so  t h e  resolution of the 
recovered film. I n  t h e  case of telemetered data the  photograph must be read by 
a f i lm readout system and the  data transmitted by telemeter t o  a ground s t a t ion  
and reassembled in to  a picture .  It appears that ,  a t  t h e  time of writ ing,  a f i lm 
readout system can quantize a p ic ture  t o  the  equivalent of 60 l i n e  p a i r s  per  
mill imeter i n  the  v e r t i c a l  and horizontal  direct ions.  The reading process pro- 
duces a loss of information and the  information content of t he  stored quantized 
p ic ture  i s  l e s s  than t h e  or ig ina l .  Information losses  a l so  occur through a l l  
of t he  other  processes i n  t h e  data-recovery sequence. Preliminary calculations 
ind ica te  that t h e  information content of the  reassembled p ic ture  w i l l  be the  
equivalent of f i lm having a resolut ion of 45 l i n e  p a i r s  per  millimeter. 
result indicates  that recovering the  f i l m  returns  about twice a s  much informa- 
t i o n  a s  reading f i l m  and returning t h e  data by telemeter methods. In  order t o  
take f u l l  advantage of recovery of fi lm, t he  smear produced by s t ab i l i za t ion  
must be s ign i f icant ly  l e s s  than t h e  l i n e  p a i r  width of t h e  reconstructed p ic ture  
The width of a l i n e  p a i r  i n  t h e  reconstructed p ic ture  i s  about 0.02 millimeter; 
thus, s m e a r  should be, a t  most, 50 percent of that width o r  about 0 . O l m i l l i -  
m e t e r .  This r e s u l t  means that t h e  d r i f t  must be l e s s  than 0.08 second of a rc  
during the time a piece of film i s  being exposed. 

This 

There i s  another face t  t o  recovery by telemeter, t h a t  i s ,  data handling. 
The proposed system, based on t h e  reading g r id  of 60 l i n e  p a i r s  per  millimeter, 
produces about 6 x lo7 b i t s  of information per  frame o r  3.6 x 10l1 b i t s  during 
a mission of 200 days i n  which 6,000 frames a r e  exposed. 

c 

The OAO current ly  under development by the  NASA i s  a standardized s a t e l l i t e  
t h a t  supplies a l l  control  communication and data handling equipment. The obser- 
va t iona l  package i s  supplied by t h e  experimenter t o  f i t  the  OAO charac te r i s t ics .  
The OAO would be t h e  log ica l  c a r r i e r  on which t o  i n s t a l l  the telescope and f i lm 
reading equipment under discussion. The charac te r i s t ics  of t h e  OAO of i n t e r e s t  
are : 
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Nonredundant data storage, b i t s  . . . . . . . . . . . . . . . . . . .  
Transmission rate, b i t s / sec  . . . . . . . . . . . . . . . . . . . . .  

2 x lo5 
5 x lo4 

Communication time per  o rb i t ,  min . . . . . . . . . . . . . . . . . .  10 
Weight allowance f o r  experiment package, kg . . . . . . . . . . . . .  455 

Diameter,  m .  . . . . . . . . . . . . . . . . . . . . . . . . . . .  1 
Length,m . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  2.81 

Lifetime, probabi l i ty  of 1 year  l i f e ,  percent . . . . . . . . . . . .  70 

Space avai lable  f o r  experiment: 

A s  packaged f o r  i n s t a l l a t i o n  i n  the  OAO, t h e  proposed telescope and cameras 
would be about 2.75 meters long and about 0.82 meter i n  diameter not including 
t h e  f i l m  reading equipment and would have an estimated weight of over 600 ki lo-  
grams. 
To increase t h e  data storage and transmission capabi l i ty  of t he  OAO so tha t  a l l  
data could be received i n  1 year would require volume and weight increases i n  
t h e  storage, telemetry, and power that do not appear t o  be to le rab le  i n  view of 
the  already s t ra ined  weight and volume allowances of t he  OAO. 
i f i ca t ions  are made i n  the  OAO and a d i f fe ren t  booster used, it does not appear 
t h a t  an experiment consisting of a photographic telescope with f i l m  reading 
equipment i s  compatible with the  OAO. I n  addition, f i l m  readout systems are  
bulky and heavy and would add much weight and volume t o  the  experimental 
package. 

I n  addition, it would require about 2.35 years t o  transmit a l l  t h e  data. 

Unless major mod- 

Ei ther  t he  Mercury or t he  Gemini spacecraft  could be converted f o r  t h i s  
work. This paper i s  concerned with t h e  Mercury spacecraft  because ear ly  results 
showed this conversion w a s  compatible with the  capab i l i t i e s  of t h e  A t l a s  Agena B 
booster system whereas the  converted Gemini would require  t h e  use of boosters 
y e t  t o  be developed. 

I n  addi t ion t o  being able  t o  perform a wide range of astronomical observa- 
t i o n a l  tasks,  such as high-resolution photography, photometry, and spectroscopy, 
t he  recoverable orb i t ing  astronomical observatory would permit 

(1) Recovery of t he  capsule, op t ica l ,  and control  systems f o r  possible  
reuse 

(2) Study of t h e  e f f ec t s  of space environment on t h e  equipment 

( 3 )  The recoverable OAO t o  serve as a tes t  bed f o r  t he  more advanced OAO 
of t he  next drcade 

PROPOSED REC0VERABI;E ORBITING OBSERVATORY 

Figure 1 shows a rendering of t h e  proposed recoverable orb i t ing  astronomi- 
c a l  observatory i n  operation. It consis ts  of a modified Mercury spacecraft ,  a 
76-centimeter cassegrainian telescope, a camera recording system, and a prec ise  
control  system. 
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Ir 63-6496 
Figure 1;- Rendering of the  proposed recoverable o r b i t i n g  astronomical observatory i n  operation. 

The Spacecraft 

The spacecraft  considered f o r  t he  recoverable orb i t ing  astronomical observ- 
a tory  i s  a modified Mercury spacecraft .  A cutaway drawing of t h i s  vehicle i s  
shown i n  f igure  2. I n  order t o  convert t he  Mercury spacecraft  t o  an orb i t ing  
astronomical observatory, it i s  necessary t o  remove a l l  equipment and t h e  forward 
bulkhead of t he  pressure vessel ,  t o  rework the  cy l indr ica l  section t o  obtain a 
c l ea r  76-centimeter aperture,  t o  fabr ica te  and t o  i n s t a l l  a new recovery package 
and operating mechanism f o r  the clamshell doors formed by the  new recovery pack- 
age. I n  addition, new bulkheads would have t o  be i n s t a l l e d  t o  divide the  in te -  
r i o r  i n to  t h e  telescope compartment, equipment compartment, and camera bay. The 
heat sh ie ld  must be checked t o  determine whether it i s  adequate f o r  reentry f r o m  
a 500-kilometer o rb i t .  The Mercury abort  system would not be used. A prelimi- 
nary study indicated t h a t  t h e  major s t r u c t u r a l  problems encountered would involve 
the  new recovery package, and i t s  operating and locking mechanisms. 

As can be seen from f igure  2, t h e  telescope compartment i s  l i k e  an inverted 
T t h a t  i s  rotated about i t s  stem. The op t i ca l  ax i s  of t he  telescope i s  directed 
along the  stem of t h e  T. The cameras and power supplies a r e  located i n  the  space 
corresponding t o  t h e  base of t h e  rotated T. The control  and communications 
equipment are located i n  the  equipment compartment which completely surrounds the  
telescope tube. The volume of t h e  equipment compartment i s  about 1 cubic meter 
l e s s  t he  space required t o  s t o r e  t h e  movable secondary mirror. 
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Figure 2.- Cross section of recoverable orbiting astronomical observatory. 

A preliminary weight estimate based on proposed weights of OAO systems, 
experiments, and a preliminary layout of the proposed photographic telescope and 
cameras indicated the following weight breakdown: 

.. -- 

~- 

900 

I I 

Weight estimates pertaining to the structure, reentry, and recovery equipment 
were made by engineers familiar with the Mercury spacecraft. 

This launch weight is above the capability of an Atlas booster for a 
An Atlas Agena B can place 2,275 kilograms into a 
The use of the Atlas Agena B as the booster allows an 

500-kilometer orbit. 
500-kilometer orbit. 
increase in weight of 125 kilograms before the limit of the booster is reached. 

6 



The Telescope 

Figure 2 shows the  telescope i n s t a l l e d  i n  the  spacecraft .  The telescope i s  
a cassegrainian type with a 76-centimeter aper ture  and w a s  se lected because it 
w a s  best  su i ted  t o  t h e  space l imi ta t ions  of t h e  Mercury spacecraft .  
t ion ,  t he  image plane w a s  ea s i ly  accessible  f o r  image recording. A s  conceived, 
t he  telescope would have two a l t e rna te  secondary mirrors, a high f/no secondary 
which i s  fixed, and would be used f o r  high-resolution photography of d i sc re t e  
objects  and a l o w  f/no secondary which would be used f o r  s tud ies  requiring low 
resolut ion such as background radiat ion studies.  The l i g h t  paths f o r  t h e  two 
secondary mirrors are shown i n  figure 3 .  The cassegrainian-type telescope has 
a s t i g m a t i s m ,  coma, and curved f i e l d  problems. 
mirror i s  used, it i s  desirable  t o  make these aberrat ions as small as possible.  
The noted aberrat ions can be control led t o  a large degree by grinding t h e  p r i -  
m a r y  and high f/no secondary as aspherical  surfaces, t he  former undercorrected 
and the  l a t t e r  overcorrected. 
primary combination may not be as w e l l  corrected. However, t h i s  correction i s  
not as important because f o r  t he  type of photographic work for which t h e  low f/no 
secondary mirror would be used, high correction i s  less important. F ie ld  cur- 
vature can be corrected by t h e  use of a curved film plane o r  by corrections i n  
the  o p t i c a l  re lay  system, the  lens  system t h a t  occurs between the  image tube 
and recording film. (See f i g .  4 . )  

I n  addi- 

When the  high f/no secondary 

This condition means that t h e  low f/no secondary- 

High f/no secondary mirror, f ixed 

Dath 
Low f/no 

idamera 
ne mirror 

secondary 
\ 

mirror. mob 

Primary m i r r o r W  

& 
Camera 

me mirror 

(b) Low f/no configuration. (a) High f/no configuration. 

Figore 3.- Telescope light paths. 

The following t a b l e  gives some of t he  cha rac t e r i s t i c s  of t h e  proposed 
telescope: 
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High f/no secondary 
mirror 

Aperture . . . . . . . 
f/no (effective) . . . . 
Plate scale . . . . . . 
Resolution . . . . . . 
Field of view . . . . . 
Limiting magnitude . . . 

76 cm 
32- 5 

8.32 sec/mm 
0.152 sec 
9.72 min 

e 2 *  

Low f/no secondary 
mirror 

. .  

76 cm 
5.1 

53.4 sec/mm 
0.152 sec 
1.066 deg 

=22* 
* In blue light at prime focus saturated film. (See fig. 2, 

ch. 1 of ref. 4.) Sky  magnitude decreased to 24.2 to account f o r  
lack of atmosphere. 

The third mirror shown in figures 2 and 3 is an optically flat front sur- 
faced mirror. 
and rotates about the optical axis to direct the light into the cameras. 

This mirror turns the light at a right angle to the optical axis 

LIGHT FROM 
TELESCOPE 

-ER p m  /-FOCUS I NG BELLOWS 

. ~ .  ..I 

p m  DEFLECT1 ON CO I L RELAY 

LM 

SYSTEM 

I MAGE CONVERTER 
Figure 4.- Schematic of the proposed recording cameras. 

The telescope should approach as closely as possible a diffraction-limited 
optical system. As it is desired to record light with wavelengths of less than 

3,000 A, the mirror surfaces should be aluminum overcoated with magnesium fluo- 
ride. The mirror material would probably be either fused quartz o r  beryllium 
because of their overall favorable characteristics such as thermal stability, 
light weight and, in the case of quartz mirror, mirror figure stability. 
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The Recording Cameras 

Each recording camera (see fig. 4) consists of a filter, an image converter 
tube, optical relay system, and a film holder. In addition, not shown are the 
film storage drums for exposed and unexposed film and the containers for the 
developing web. The general details on the camera are as follows: 
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Ty-pe: Image converter-intensifier type tube, magnetically focused (perma- 
nent magnet) 10-centimeter photocathode and output phosphor. (It is  understood 
t h a t  production of astronomical qua l i ty  image tubes of t h i s  type i s  about t o  be 
s t a r t ed .  ) 

Film: Ty-pe: t h i n  base 
Size: 70 millimeter 
Frame s ize:  70 millimeter by 70 millimeter 

Optical  re lay  system: Wide-angle, short-focal-length, high-resolution, 
high-speed system. The relay r a t i o  should be 1:l. 

Resolution: Limited by the  op t i ca l  re lay  system 

Film capacity: 75 meters per  camera, approximately 1,000 frames 

Development of film: Webb process 

Shielding: It i s  necessary t o  sh ie ld  unexposed f i l m ,  exposure chamber, and 
f i lm development t racks.  The shielding would be aluminum and lead with a den- 
s i t y  of 15 grams per square centimeter. 

Table I presents information f o r  a coordinated set of six cameras t o  cover the  
spectrum between 1,200 a and 11,000 A. 

0 

TABLF: I.- CAMERA AND FILTER DATA 
- .- 

Camera 

1 
2 
3 

4 
5 
6 

- 

- .  

Color 

U1 
U 
B 

v 
R 
I R  

F i l t e r  Photocathode 

Rb-Te 
s-20 

2 mm Schott GG-132 s-21 
s-10 

S-20 or S-3 
s-1 

Calcium f luo r ide l  
Corning 98632 
Corning 5030 

Corning 3380 
Schott RG-23, 
1 m Schott VG-6 

- 

Approximate band pass -====I 
1,220 t o  3,200 
3,000 t o  3,800 

3,800 t o  5,000 
5,000 t o  6,800 
6,400 t o  8,500 
8,500 t o  11,000 

ka lc ium f luor ide  was selected i n  preference t o  l i thium f luoride because 
the  short  wavelength cutoff is  temperature dependent. Short wavelength cut- 
off of U1 camera i s  adjusted t o  exclude Lyman a radiat ion sh i f t ed  l e s s  than 
4 A. 

0 
The f i l t e r  would have t o  be heated t o  about 300' K.  (See r e f s .  6 and 7 

2F i l t e r  defined i n  reference 8. 
3 F i l t e r  defined i n  reference 9. 
4Most extragalact ic  observations from the ear th  w i l l  undoubtedly be made 

This camera has been included 
i n  the  red color  band within the  spec t ra l  region defined by the  S-20 photo- 
cathode and Schott RG-2 f i l t e r .  (See r e f .  g. ) 
t o  provide a standard f o r  t he  ca l ibra t ion  of earthbound observations. 

The image tube f o r  t he  Ul camera i s  a laboratory i t e m .  Therefore, research 
and development would be necessary on t h e  photocathodes and image tubes i n  order 
t o  obtain a f l igh t - ra ted  camera. 
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Several camera systems were considered and image tubes were selected 
because 

(1) They permit a small aperture telescope t o  record f a i n t e r  objects.  (A 
30-inch telescope with image tubes i s  theo re t i ca l ly  the  equivalent of a 300-inch 
telescope recording on f i lm. )  (See chapter 1 of re f .  4 . )  

(2) They permit shorter  exposure times and thus reduce t h e  t i m e  during 
which extremely small d r i f t  rates must be maintained. 

( 3 )  They a r e  required t o  record t h e  extreme ends of  t he  electromagnetic 
spectrum. 

(4)  All l i g h t  i s  converted t o  t h e  same wavelength and therefore  only one 
type of f i l m  and one type of developing web a r e  required. 

The hear t  of these cameras i s  t h e  image tube. T h i s  device uses a photo- 
cathode t o  convert t h e  incoming photons t o  photoelectrons. The photoelectrons 
impinge on t h e  wafer (possibly a dynode) which amplifies t he  s igna l  and the  
amplified photoelectrons f i n a l l y  impinge on a phosphor which converts them t o  
v i s i b l e  l i gh t .  The use of t he  image tube permits photography t o  be extended 
t o  the  far u l t r a v i o l e t  region and because t h e  image tube a c t s  as a l i g h t  ampli- 
f i e r  permits a reduction i n  exposure time o r  t h e  extension of  photography t o  
f a i n t e r  magnitudes than could be recorded with a given telescope when not 
equipped with image tubes. 

Several types of image tubes a re  avai lable .  (See refs. 4, 3,  and 10. ) The 
image tubes selected are magnetically focused and recorded on photographic f i lm 
sens i t ive  t o  blue l i g h t  i f  a P-11 phosphor i s  used f o r  the output of the  image 
tube. These tubes are standard except f o r  t h e  s ize ,  an e f fec t ive  diameter of  
10 centimeters i s  required, and t h e  def lect ion c o i l s  t h a t  a re  shown i n  f igure  4. 
Larger tubes have been b u i l t  (see refs. 4 and ll), but it appears some develop- 
ment w i l l  be required t o  obtain the  desired qua l i ty  of t h e  photocathode. The 
magnetically focused tube recording on photographic f i lm w a s  selected i n  prefer- 
ence t o  t h e  e l ec t ros t a t i ca l ly  focused tube recording d i r ec t ly  on nuclear emul- 
sions because it w a s  f e l t  t ha t  t he  magnetically focused tube could b e t t e r  with- 
stand t h e  r igors  of launch and t h a t  t he  photographic f i lm would be eas i e r  t o  
protect  against  radiat ion than t h e  nuclear emulsions. 

A s  indicated by McGee (see ref. 5 ,  pp. 81-103), it i s  possible t o  focus the  
magnetically focused image tube so t h a t  t h e  resolut ion i s  between 80 and 100 l i n e  
p a i r s  per  m i l l i m e t e r  a t  each stage. The output phosphor has high resolution but 
it i s  not t h e  f ac to r  t h a t  limits t h e  resolut ion of t h e  image tube camera. The 
l imit ing resolut ion i n  the  image tube camera usual ly  occurs i n  the  op t i ca l  re lay 
system that t r ans fe r s  t he  image from the  phosphor t o  the  film. 

When the  f i lm i s  recovered, t h e  f i lm reader i s  eliminated and higher reso- 
lu t ion  f i l m  can be used t o  improve the  information content of t he  photographs. 
When the  resolut ions of t h e  phosphor and op t i ca l  system a r e  taken in to  account, 
it appears t h a t  t he  use of a highes resolut ion f i lm would increase the  informa- 
t i o n  by a f ac to r  of about 1.8 which would mean a t o t a l  information gain over 
f i lm reading systems of about 4. 
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A s  previously indicated,  t h e  use of t he  image tube permits 
exposure t i m e .  Based on t h e  information presented i n  reference 
unreasonable f o r  an exposure requiring 15 minutes without image 
i n  approximately 20 seconds with an image tube. This reduction 
w i l l  have a good e f f ec t  on s t ab i l i za t ion  problems as it reduces 
extremely precise  pointing has t o  be maintained. 

a reduction i n  
4, it i s  not 
tubes t o  be made 
i n  exposure t i m e  
t h e  t i m e  

The unexposed f i lm must be protected from radiat ion damage. The determina- 
t i o n  of good protect ion requires an analysis  (beyond the  scope of preliminary 
study) tha t  takes in to  account dose ra te ,  shielding, emulsion, spacecraft s t ruc-  
t u r e  and material ,  and mission duration. Some rough calculations ind ica te  t h a t  
i f  a slow speed f i l m  i s  used, shielding of about 15 grams per  square centimeter 
should be adequate f o r  t h e  mission duration previously s ta ted.  

The cal ibrat ion of t h e  cameras would be accomplished by a standard l i g h t  
source re f lec ted  from t h e  secondary mirror o r  by photographing a standard star. 
The focusing of t he  cameras could be accomplished by focusing on a s t a r  and 
maximizing the  high-frequency content of t he  scene. 

The Control System 

The control system f o r  t h e  recoverable orb i t ing  astronomical observatory 
requires a high degree of precision, and d r i f t  must be held t o  l e s s  than 
0.08 second of a rc  during exposures which can vary f r o m  a few seconds t o  more 
than an hour. The long exposure times represent very d i s t an t  objects  and here 
l e s s  precision can be to l e ra t ed  a s  t he  object w i l l  be unresolved. 
of  1 hour o r  l e s s ,  d r i f t  should be controlled t o  0.08 second of arc  o r  be t t e r .  

I n  exposures 

One of  the  few control  systems being developed t h a t  has such pointing 
accuracy i s  the  OAO control  system. This system can hold a t t i t u d e  within 15 sec- 
onds of a rc  for  50 minutes which i s  a d r i f t  r a t e  of 0.005 second per second o r  
about 150 times too high f o r  t h e  present requirements. 
t r o l  system tha t  can control  t h e  point t o  0 . 1  second of a rc .  The e r ro r  s igna l  
f o r  t h i s  control mode i s  generated by the  prime experiment. McGee ( r e f .  5 ,  
pp. 81-103) suggested t h a t  t h e  image tube could be used a s  a f i n e  control  system. 
To accomplish t h i s  use, t h e  image tube i s  equipped with def lect ion co i l s .  
(These c o i l s  a r e  s imilar  t o  t h e  orb i t ing  co i l s  used on the  f i r s t  stage of image 
orthicon tubes. 
The image i s  allowed t o  d r i f t  on t h e  face of t he  photocathode and the  def lect ion 
c o i l s  s tab i l ized  it so t h a t  t h e  image i s  steady on t h e  output phosphor and the  
image motion on the  phosphor cannot exceed 0.01mil l imeter .  The electron beams 
i n  video tubes a r e  routinely controlled t o  0.025 mill imeter and laboratory 
models have beam control  t o  0.0025 mill imeter so it would seem t h a t  there  a r e  no 
great  technical  ba r r i e r s  t o  t h e  use of t h i s  system of control. One of t h e  more 
important aspects of t h e  beam control  system of image s t ab i l i za t ion  i s  t h e  f a c t  
t h a t  no moving pa r t s  a r e  involved and i n e r t i a  i s  not a f ac to r  i n  i t s  response. 
Most important, t h e  type of f i n e  control  system considered would introduce no 
dis turbing torques on t h e  recoverable OAO. The use of image tubes a l so  helps t h e  
s t ab i l i za t ion  problem because of t he  reduction i n  exposure t i m e  t h a t  i s  obtained. 
This reduction i n  exposure t i m e  means t h a t  extremely f i n e  pointing i s  required 
for short  t i m e  periods compared with regular photography. The def lect ion c o i l  

The OAO has a f ine  con- 

The terminology used i n  ref. 5 has been used i n  this paper.) 
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system of s t ab i l i za t ion  takes care of t h e  declination and r igh t  ascension axes 
and leaves rotat ions about the  op t i ca l  ax is  of t he  telescope t o  be controlled.  
The basic  OAO control  system provides f o r  t h e  control  of roll t o  about 1 second 
per  second. 
i n  l i n e  with the  drift  about other axes, t h e  s m e a r  rate would have t o  be reduced 
by a f ac to r  of 20. The control  of t h i s  ro ta t ion  about t he  op t i ca l  axis could be 
accomplished by an op t i ca l  device l i k e  a mirror Dove o r  Pechan prism which would 
be controlled t o  derotate  t he  image. 

Over a long period t h i s  r a t e  is too  high t o  be to le ra ted .  To be 

Because of t h e  precession required i n  the  f i n e  control  (0.08 inch of a r c ) ,  
t he  e r ro r  s igna l  for t h i s  system would have t o  be obtained from the  main t e l e -  
scope opt ics .  Several methods of obtaining t h i s  s igna l  have been developed for 
OAO and balloon pro jec ts  i n  astronomy. Because of work already done, t h e  devel- 
opment of t h i s  e r ro r  s igna l  i s  not considered a major problem. The d e t a i l s  of 
t he  exact system would have t o  be worked out during the  d e t a i l  design of t h e  
observing and control  systems. 

In  summary, the orb i t ing  astronomical observatory control system not associ-  
a ted with an experiment i s  not su f f i c i en t ly  precise  f o r  high-resolution photog- 
raphy and a f ine  new cont ro l  system would have t o  be provided. 
def lect ion c o i l s  on the  image converter tubes and a precisely controlled mirror 
Dove o r  Pechan prism appear t o  o f f e r  p o s s i b i l i t i e s  of achieving the  required 
f i n e  control  but the  detection of t he  very s m a l l  displacement r a t e s  involved 
present a problem. 

The use of 

The high th rus t  control  j e t s  used f o r  t he  o r ig ina l  spacecraft have t o  be 
retained t o  provide control  during reentry. 
t o  be modified t o  provide a reentry control  mode f o r  the spacecraft or t he  
Mercury reent ry  control  system would have t o  be retained t o  provide control  f o r  
t h i s  phase of the  f l i g h t .  

The OAO control  system would have 

Operat ion 

The converted Mercury spacecraft  would be launched in to  a nominally circu- 
This incl inat ion i s  about l a r  o r b i t  incl ined approximately 32' t o  the  equator. 

the same as  the  Mercury o r b i t  and t h a t  of the  OAO; thus, the same ground 
tracking and communication f a c i l i t i e s  could be used. The o r b i t a l  a l t i t ude  i s  
500 kilometers and places the  spacecraft well  above the  airglow. 
m.d 13.)  The period of t h i s  o r b i t  i s  about 5.7 x 10 seconds. The estimated 
l i f e  of t he  s a t e l l i t e  i n  t h i s  o r b i t  i s  1 year. 

(See re fs .  12  
3 

The sequence f o r  t he  use of control  systems during a mission would be as 
follows: 

(1) The Atlas-Agena guidance system would provide control during the  launch 
and o r b i t  in jec t ion  phases of the  mission. 

(2)  The modified OAO control  system would provide control during the  period 
when the observations were being made. 
would be pointed i n  the  direct ion of motion. 

A t  the  end of t h i s  period the heat  sh ie ld  
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( 3 )  The Mercury reentry guidance system or i ts  equivalent would take over 
a f t e r  t h e  proper or ientat ion had been achieved and control  t he  vehicle u n t i l  
t he  parachutes were deployed. 

The average exposure used t o  estimate mission duration w a s  900 seconds 
(see ref. 2 ) ,  and it w a s  assumed t h a t  t he  exposure of four frames per o rb i t  
would be reasonable. This assumption indicates  a mission duration of about 
100 days f o r  t h e  photography; however, the  ac tua l  mission would probably have 
a duration of 100 t o  200 days. The spacecraft  would be returned t o  ear th  on 
the  first o rb i t  a f t e r  the  f i n a l  exposure and it should be landed i n  the  Bermuda 
recovery area. The standard Mercury letdown procedure with parachutes could be 
used. 

Figures 2 and 5 indicate  the  use of ba t t e r i e s  as a power supply. For a 
mission of 200 days, the  use of ba t t e r i e s  as the  sole  power source would be 
impractical because of t he  weight of the  ba t t e r i e s .  Solar panels or some other  
means of recharging the  ba t t e r i e s  would have t o  be provided so t h a t  the  weight 
of the  power supply system could be kept within reasonable l i m i t s .  

The mode of operation of t he  observatory w a s  se lected t o  promote ident i f ica-  
t i o n  of the  area under observation. The f i r s t  s e t  of s i x  photographs would be 
taken with the  low f/no secondary mirror and would be centered on the  object t o  
be observed by high-resolution photography. Enough area  1' by 1' i s  covered by 
these photographs t o  iden t i fy  the  a rea  under observation from known stars. 
These films would also give background data .  A second s e t  of s i x  high- 
resolut ion f i l m  exposures would then be taken of  the  desired object about which 
the  first photograph w a s  centered. 

Problem Areas 

In  a preliminary study, it i s  impossible t o  invest igate  a l l  the problems 
adequately and t o  define spec i f ica l ly  a l l  the  problem areas. The most important 
areas where problems existed o r  where it w a s  apparent t h a t  more experimental 
and/or development work was needed are: 

(1) The integrat ion of 
(a)  The OAO control  system 
(b)  The OAO communications system 
( c )  The development of the  fine-image s t ab i l i za t ion  system 

(2)  S t a b i l i t y  of the  op t i ca l  system 

( 3 )  The development of wide-angle op t i ca l  re lay  system 

(4) The e f f ec t  of s t r a y  magnetic f i e l d s  on the  image tubes 

( 5 )  The modifications t o  t h e  spacecraft  s t ruc ture  and the  heat sh i e ld  

(6) Thermal cont ro l  of t h e  precession op t i ca l  system. 



A Possible Observational Mission 

The recoverable orb i t ing  astronomical observatory i s  capable of performing 
a great  many observational missions of i n t e re s t  t o  astronomy. 
trum of space observations f o r  astronomy i s  covered i n  reference 7. In  order 
t o  show what could be expected from the  recoverable orb i t ing  astronomical obser- 
vatory a mission f o r  t he  observation of galaxies i s  considered. For t h i s  d i s -  
cussion it w a s  assumed t h a t  the  cameras given i n  t ab le  I would be used. The 
camera bay arrangement shown i n  figure 5 w a s  assumed. 

The broad spec- 

The use of t he  cameras and f i l t e r s  given i n  t ab le  I would give a spec t ra l  
0 0 

coverage from 1,220 A t o  about 11,000 A. 
ard U, B, V regions ( r e f .  8); the  fourth camera records i n  the  red region 
( r e f .  9 ) .  
can be determined and (2 )  it is  t h e  wavelength region i n  which t e r r e s t r i a l  
observations w i l l  be made. The data from the  fourth camera can be used as check 
points f o r  t e r r e s t r i a l  observations. The f i f t h  camera records the  inf ra red  
region out t o  11,000 A. 
t o  the short  wavelength cutoff of t he  U camera. The far u l t r av io l e t  camera, 
camera U1, is equipped with a heated calcium f luor ide  f i l t e r  so t h a t  a l l  ultra- 
v io le t  radiat ion which sh i f t ed  less than 4 8 t o  t h e  red (corresponding t o  a 

Three of t he  cameras record the  stand- 

This red region i s  important because (1) the  red photovisual index 

0 0 
The s i x t h  records the  u l t r av io l e t  region from 1,220 A 
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velocity of recession of 1,000 kilometers per second) is excluded by the filter. 
(See refs. 6 and 7.) 
the geo-corona and galactic ultraviolet saturating the field and obscuring the 
extragalactic Lyman a radiation which is of prime interest. 

This exclusion eliminates the problem of radiation from 

The data that this photographic mission could obtain may be summarized as 
follows : 

(a) From each type (color) of plate, the following data are obtained: mag- 
nitude for color of plate, angular diameter, and isophotos. 

(b) When a set of six plates for a given galaxy are taken together, the fol- 
lowing data on a galaxy would be obtained: apparent bolometric magnitude; color 
index, B - V; color excess, U - B; red color index, V - R; distribution of 
various colors in galaxy; based on the distribution of various colors in galaxy, 
the distribution of population I and population I1 stars; the red shift by 
rectification of the light curve (ref. 14); distribution of luminosity through 
a galaxy over a wide spectral band; red magnitude camera data that could be used 
to establish a zero point for the calibration of surfacebound observations and 
because the data are recorded on film, unusual features such as the gas jet in 
M-87 and supernovas in distant galaxies could be detected. 

(c) Film taken with the low f/no secondary mirror would provide data on the 
intergalactic background radiation. 

As the observations would cover galaxies with small and large red shift, 
the problem of the aging of galaxies, the variation of luminosity with time due 
to stellar evolution, could be studied by comparing the ultraviolet and visual 
plates of nearby galaxies with the visual and infrared plates of distant galax- 
ies when the galaxies are of the same type. Lastly, the sharp image on the 
plates would provide sufficient information to identify the type of galaxy 
observed. (See ref. 2 for a discussion of the classification system of galax- 
ies.) In addition, the low background of the recording system would permit 
better reading of the halo of the galaxy against the background and therefore 
better magnitude and angular diameter data. 

These anticipated results would contribute information that would have a 
direct bearing on cosmological research, galactic evolution, the structure of 
galaxies, and the distribution of gas and background radiation in the Universe. 

CONCLUDING REMARKS 

A preliminary study of a possible conversion of the Mercury spacecraft to 
a recoverable orbiting astronomical observatory for high-resolution photography 
and study of intergalactic background has been made. The results indicate that 
an information gain up to a factor of 10 over telemetered systems can be achieved 
if the fine stabilization system can hold drift to less than 0.08 second of arc 
during exposure. 



Because the observatory would be recoverable, the original data could be 
obtained and the precise control and optical systems saved for further use. In 
addition, the recovery of the system permits an evaluation of the effect on the 
space environment and instrumentation and would make possible the use of the 
Mercury telescope as a test bed for equipment and techniques that would be appli- 
cable to the larger and more sophisticated orbiting astronomical observatories 
of the future. 

The anticipated observational results would contribute to several branches 
of astronomy including the stellar, nebular, and galactic divisions of astronomy. 
When used for the observation of galaxies, the results would contribute to the 
elucidation of the problem of the structure and evolution of the Universe and to 
a better understanding of galactic evolution and galaxies in general. In addi- 
tion, the suggested operation would permit (1) the positive and permanent 
recording of the observing direction, (2) identification of the type of source, 
and ( 3 )  a means for a statistical study of atmospheric extinction and the cali- 
bration of earthbound observations. The configuration of the proposed recover- 
able orbiting astronomical observatory would be applicable to observations con- 
cerned with multicolor photometry of stars and nebulae without major changes. 

Langley Research Center, 
National Aeronautics and Space Administration, 

Langley Station, Hampton, Va., May 22, 1964. 
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