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ABSTRACT 

Manned  space flight offers the opportunity to couple the a s  tronautl scicnt is  t 1  s 

abi l i ty  to select  and p r o c e s s  data and t o  cal ibrate ,  modify and repair instru- 

ml n t s  w i th  t h e  vantage paint f o r  astronomical observations provided  by a 

;~ l ,~ t fo r rn  located above the Earth's atmosphere,  

. 111s paper  br ief ly  examines the role which manned space flight may play in 

the 1970- 1990 time period in meeting astronomy research needs. The ins  t ru -  

mcnts and facilities which appear feasible fo r  that period are described. 



lNTRODU CTION 

Tl~c  unpa raIlcd re search opportunities offered by our current capability to  

launch large payloads into Earth orbit are perhaps nowhere more evident 

than in astrononly and astrophysics. The terrestrial atmosphere, while 

essential for life as w e  know it, is a major hindrance to astronomical obsor- 

vations from the surface of the Earth. 

A summary of the t ransmission properties of the Earth's atmosphere and 

isonospherc is shown in Figure I. The atmosphere is totally opaque to 

radiation of wavelengLhs shorter than about ~ ~ o o A ,  i .  e .  , the UV, X-ray; and 

gamma ray bands of the electromagnetic spectrum. This radiation is  

absorbed by ozone, oxygen, and ni t rogen in the atmosphere.  A S  a conse- 

quence, astrono~nical sources which emit strongly in these bands cannot be 

observed from the ground to full advantage (as in the c a s e  of hot, early-type 

stars), and in s o m e  cases cannot be observed at all (e .g. ,  some X-ray 

sources).  In the IR wavelength region (0. 7 t o  1 0 0 ~ )  and in the submillimeter 

and millimeter region ( 1 0 0 ~  to about 10 mm), water vapor and carbon dioxide 

absorb in broad bands Ieaving scattered wavelength windows of varying 

t ransparency.  In this large region lies the-emission maximum of all star- 

wilh sficctive atmospheric temperatures below 5 ,  0000K, including the 

interesting pre-main-sequence objects, plus interstellar cloud3 and sources  

of synchrotron emission ( e ,  g. , quasi stellar objects). The Earth's ionosphere 

attenuates radio waves longer than 3'0 rn (frequencies l e s s  than 1.0 MHz). The 

solar corona and thc trapped particle belt surrounding Jupiter are known to 

emit in the VLF radio band. 
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117 arlcliiion to l-11; i n h u ~ * c n l  atltmuation nf Lhe alrnuspl;crc, variablc condi l jonu 

slrr:ll a s  c l a ~ ~ d  cover c a l l  block all radiatinn c.xrcpi: the xnidrlle r a d i o  wavelength 

Land. P o o ~ * * . v e n l h c ~ * h x s  l racl i l ional ly  dl- iven astl.onomcrs l .0  mountaintop 

Jut-at ions in Ihc: arjcl ~meginns of tbc. world. F:ven then, . Ihc . c l c a ~  sky varics i n  

~,par:iLy anrl !.l~i! itiir: ~-crrl~rt,luations of the a.c! Era c l  jvc indrx of aj r eausc scin t i l -  

l a t ion  anrl djstur ' l ion.  U ~ i d c r  tho bcst  o f  viewing c o n d i t i o n s ,  Ihra F~arl11'~ 

a t n lo sphs l - r~  cli f f u s c l y  s r a l l e r s  light fron i  Ihr sun ,  slar's, snr l  a1.t.j Ticia1 sources. 

I1 also contni.ns two snul-ccs nf l i n e  e m i s s j o n ,  thc  a i r  glow a n d  Ihc  aulao?-a. 

A s  a rcsull t he  sky is not b l ~ ~ l i ,  even 011 i h c  rla rlccst ,  n1oo1i1c.s~ n igh t s ,  ancl 

cot~taminatj  on 01 as 1 rol~onlical sprcl ra occurs. 

A Siual poinl  to I>(* ~:onsiclcrctl is Illat cvcn i n  131c spcclral  winrluws Lhrou;l~ , 

which "seeing" ' I ~ m n  Eai.lh is pracli  cal, ~ c . m o v a l  oS Ihc 11ru1.1-a l f i  1 l c s i  11:: 

~ l i c c r  of ~ J I C  ~ ~ S I I C ) S ~ J ~ ~ I - ~  thr011gll IISC of a plairclrn7 in  spa re  wts~tlrl I I C - P I - ~ ~ ~  a11 

incscase in  di s l ancc  pcncl raLion o f  m o r e  than an c>rdcr. o1 n~a.pniLudc,  j .  c, , 
9 f r o m  about 400 m-parsecs  ar 1.0 light seal-s (ihc distancc l o  T ~ O ~ ~ C S  c?us~c, I* ) ,  

10 
t.o 5 ,  000 ns-parsecs  ( sce  P*jgurc 2), i, c .  , grealcr than  10 liglii -years .  

3.'his t l i s t a ~ l c c  i s  br*yn?ld the liini(s of thc  unjvcrsc  as predictvcl hy r - c r ~ s I  

co..;n-,nl.ogi s ts !  

7 1 rlalc, w j  th t hc  excc:ptinu of h i g h - a l t i ~ u d r  aircraf t  and bal loon f l i ~ l ~ t  s, I h c  

pc.,l.cntiil of spacc has brcri rcs!sirtc:d In u n ~ r l r i n n c r l  probcs aucl s a t  clilj t c s .  

a 1.c: I i r n i t c ! t l  t.13 S G V C I . ~ ~  I I I ~ I I U ~ ~ S .  C u r  rrn11yI Ihc Orbititlg Solti r ObscrvaI.ory 

spit( .t .<:~;*ll  (OSO srrit!s)  ;lid ihc! Radii3 As1.1-onumy F:splorer !RA?<-A) are 

r r b r . r l  i c l i t lg solar p l i c n r , ~ ~ \ c n ; ~  and svl-ve ying ratlit) frcrjuencias r c s p ~ ~ t i v ~ l  y. 
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In view of Llls scienlifi .~ richncsr of these progralns ,  it can br dnlicipalccl 

LhnI d r  s ign and de\rrlolrmr:l>t ef for  l s  for unmal~ncrl saiellitcs ~uch  an t h c  

OSO, Orl>il ing Aslronomicnl Observatary (OAO) and thc 'l]cxplo!.pru' ser i e s  

will continue i l l  thc ncar I c r m .  

a.bili1 y lo s c l c c t  xncl P I - L I C ~ . ! : " ~  data  2 ncl Lo ~ a l i  t ~ r a l e ,  rnorlj fy, and  rcpair  ins lru-  

m c n t s  can 17r: r~111[3] rr1 with tlic vanlage poinl. f o r  aslsc~nnrnic-a  1 obscrvatj 011s 

al~ovc: t 1 . 1 ~  E a r l v h f s  atmcnsphc I.(!, to y ie ld  an u ~ ~ p l ~ c c ~ r l c . u l c r l  oppor tuni ty  for 

1.n ~ p i i r  OF ils v a s t  p o l ~ n t i a l ,  mannt t r l  s pacc  a s t r o n o n ~ y  wil l  involve xclatj vcly 

large: capi ta l  i r r vc *s tmr~ i l  s a n d  gene ral ly bc  lin.lii r d  l o  orbi  ~i whc: rc "slandard" 

recovery anrl  c . c I ~ ~ I ~ ~ u I ~ ~  cat io11 facj l i t  ~ C S  can 1 1 ~  uii l i  n c d .  B e r a u s c  uf I his, 

11n111annrrl s a l r l l j  t r s  niay cclnl inur  l a  offrid a l l ~ * a c t j v c  advantages l o r  c e r t a i n  

qlas  srbs of obsi-1.vati OIIS wl~icl> r equ i  re s i rnplc ,  rcliahlc: ins1 ~11113cnls and Tor 

ehse l -va l l ons  r c q u i l * i n g  uniq~ic  o r b i t a l  c h a l - x c I c r i s l i  r:s. 

Thus, w+l~ilc i l ~ c !  o p p n r l u n i t i c s  Tor i m p o r t a n t  a s t ~ o n o m i c a l  rcsearch  from a 

platiosm in Eai41 h o r h j  t a r e  clear,  s ignil j  cat?!. planning ques  t i  0 1 ~ s  ar i se .  For  

c x a n l ~ l e ,  w l i n t  i s  thc r n l c  of ~nannrc l  space vc l~ i c l c s  i n  space  as l - ronorny?  

G r a n l s d  llrnt unmanned p r o h r  s li:3vtl r l r n ~ o n s l  rat cd  I h e  valur. 01 obse rvat i rrta 

f ~ r l r n  spacc, to \vl~al  dc*grce can i h r  advcnt mani~vtl c l p c ~ a t j o n s  jn spacc  bc 

c a p i  l.ali xcrl u p n n  lo f u  r t l ~ c  T t h o  a ims  01 s p a c e  n s  t rono!my? Consjclcr j  ng l h c  

~ * c ~ ~ l - ' l j E c  c n n s t r a i i l l ~  ol l i m i t ~ r l  Ij sc a1 a n d  i n l u l l c c l ~ i a l  r r s n u r c r s ,  is t l~crr :  at1 

r )  ~ m r l r -  r l y  p l a n  w l ~ i  (-11 r a n  1 1 ~ 1  soggcs l r d  for  I h r  a c c n n ~ p l i  s h n ~ r n !  of a r ~ i c a i ~ i  i:f:f~ll 

a s igi i i i i  (:at11 ~ -c : s t*a~ . ch  ~ I - L I E  1-;i111:' Thc 1x1  post ctf 111j s PRPCT is tn cxaminr 

111~. ~ o l c .  v:liich mannc-rl  s p a r e  TljgliZ )nay play in fulfilli~lg Ihc mos t  t:rjtical 

rrh:,ca~-ct: ol>jvc-1jvr.s nf fhc it~11-1lnniwy rominunjty.  



TIJIZ E I X M E N T S  OF A FROG RAM PIIAN- - FUTURE MANNED FACIIATTIES 

In c1cvcl.oping a Prograni  Plan for Earth Orbital Astronomy, the auCIlors have 

drawn Ileavily upon the recently co~nplc lcd  Orbi ta l  Astronomy Support. 

FaeiliLy Siutly (OA SF) c ot~rluctcd by thc: Mcnonnell Doug1 a s  Astronaut ics  

>> Colnpany - W e s t e r n  D i ~ r i a i o n  for  the Marshall Space ??light Ccnlcr  of NALSA. 

T h c  spcc i l i c  PUI'IIOPC of  illat study was ( 1  ) t o  ident i fy  and a t ~ a t y x e  clcincnLs 

01 a long-range evolutionary plan l o r  (hr: 1974 Lo 1990 lirr~c pcriorl  lhal  would 

fulfill the nceds oi the scicntisic c o r n m ~ ~ i ~ i t y  to as large an  extc.nl as possible,  

with flexibility f o r  c l ~ a i ~ g c  a s  ncw data abau l  llzc univcrsc  stinlulale rlcw 

objectives;  and (2)  lo a s s c s s  the requ'jrctncnls w l ~ i c l ~  such a I n n g - r a n g c  space 

aslsonomy program woulcf placc on rnanncd  r ~ r h i  la1 far i l i  l i es .  

111 devclopjng thc approacl~ t o  lh i s  plan, the s t ~ i d y  team was lac-cd with several 

s j  gi~ ihcant  challenges. F i ~ s  t, i t  was jn~pnriant.  tn recr>gni z c  (hat  long- range 

programs of naij onal scope require considerable time f o r  t h &  d c v c l ~ p n l c i ~ t  uf . 

necessary systen~s and cquiprncnl.. Long- range planning is l h c ~ c f o r c  clcsir- 

able because i t  oFicrs t l ~ c  p r o m i s e  that n'ecessal-y l ong- lc rm IiscaE commil- 

mcuts cat1 be rnac lc  and t.hai [.he sys ten~s  and equipment rcquircd will bc 

availahlc by the limc they are schcdulccl for  use. Yel, Ihc Ecaln r e c a g n i x c d  

that in scicnli l ic di s c i  plincs,  uncxpecLct1 rather  than planned cve1.1 t s  oSLc11 

carlt~*ibutc: most significantly to  scjentific: insight, and suc11 ubcxpectctl 

cli scavcri cs  could tr~cll influence subsequent. planning. 

F u  rll~ci.morc, whiIr: r ig id  rescarcll plans may Iaci l j  (al c the design of l l lc  

spacr: i n s l ~ ~ u r n c n i s ,  th ry  may stifle innovative'resea rch, R ~ c o g n i z i n g  I b r s e  

14. 

"Conf ract  NAS8- 2 1 0215. 



aspects, tho studyq team  ought to develop an approach that would provide 

concepts s tructuxed well enough for initial planning and for the derivation of 

instrumanl and space station designs but flexible enough t o  permit change and 

individual contributions and participation. 

To accomplish the syatamatic definition of astronomy program requirements, 

the OASF Study was organized into three major tasks. Task A was the 

development of a comprehensive baseline re search program and the establish- 

ment of space-dependent measurements and mission requircments. Task B 

was the identifica tian of astronomical instruments, the conceptual design of 

new instruments, i f  needed, and the preparation of dcveloprnent plan8 for 

time-phased instrument groups. Task C was the definition of orbital facility 

concepts, the specification of the scientific instrument groupings f o r  each 

concept, and the definition of the operational interface between ground a r d  

flight facilities. Critical supporting re search and technology 'development 

items to support the evolutionary program plan were a l s o  idCntified. 

The OASF baseline research program was prepared by a team of specialists 
* 

using general and specific recommendations from members  of the scientific 

community. The scientific consultants provided the major source of infor- 

mation fo r  the formulation of research requirements. Their recommendations 

and advice were used ta derive specific research objectives and to determine 

quanti tativc requi rcmcnts l o r  observations and measurements. A t  several 

paints in the period of information generation, progress was reviewed with 

cognizant NASA agencies and the scientific contributors. At all ti.mes, a 

diligent attempt was made to produce a research program scientifica1ly valid 

for the 1974 to 1990 pcriod on the basis of the present understanding of the 

universe ancl the anticipated research needs. 



A t  the start of the work, astronomical objectives w e r e  defined in terms of 

research steps  or questions, rather than in terms of physical objects, With 

fundamental research as the starting paint, various subobjectives were 

established, together with t he i r  attendant observation or measurement 

requirements. These requirements were summarized and documented on 

9 1 Obs exvation Requiremont DqZa Sheets (OR DS). Approximately 50 param- 

etere were tabulated on each of the 91 forms. Of these parameters, those 

considered to be basic in establishing observation requirements were Epoch 

'Span; Wavcleng th; Radiation Flux; Number and Frequency of Observations; 

Angular Field of View; Angular Resolution; and Accuracy of Data  Required. 

Other entries were mission- oriented or represented initial estimates of data 

and of instrument characteris tics, These estimates were i terated and aug- 

mented during the study to achieve a more refined s e t  of observation 

parameters. 

The ORDS described measurements across the electromagnetic spectrum 

except Ear two regions. One region was the sector from approximately 1 e m  

t o  20 m in wavelength. This sector was not examined in depth because of the 

general transparency of the atmosphere in this spectral region. Similarly, 

it  was believed that adequate data in the millimeter and submillimeter 

regions could be obtained at much lower cost  by using ground and aircrafl 

observations. 

While the requirements summarized on the data sheets were considered 

valid examples of potential arbi tal as trenorny activities, they we re neither 

research proposals nor  an exhaustive grouping of potential orbital observa- 

tions. Nevertheless, the measurement descriptions were sufficiently detai led 

to provide the initial analysis of needs for instrumentation and support 

facilities and fo r  idedtification of necessary technological advances. 



The 1measureme17L s c c l ~ ~ i ~ e m c n t s  dcl i i~ed jn Ihe ORDS ware grouper1 in to  

c lasscs  according to thc degree of similarity of their characteristics. 

Gcncr ic classes of instr~imcnts were then idenlified w l~ ich  could sat is fy  the 

discrete groups of nleasurcment requirements. Figure 3 givcs an cxan~pla ol 

s process  using atc l lar  and planchasy uhst!rvations SOT fhc IR, visible, 

and U V  povtions of i h c  spectrum. Each ver l ica l  line indicates  thr wavclangth 

range ancl the angular resolution requircd in onc 0.f the ORDS; l.hc ilot. indicates 

thc wavelength af.wlzirh l l ~ e  angular rcso lnt jr>nwas  s p e c i f i c d .  Study of thc 

g roup ings  of obscrvat i  on rcquj ~ e m c n t s  with r e s  pcct to t:hc dirfr i lc l j  011 limita- 

tions inhc~.ct.,l i n  optical I.elescapc prrforn3ancc (sloping l i n c s )  a n d  considera- 

tion of tIlc ol~scrvaIiuns available from ground-baser1 observafo~- ies  (shaded ., 

areas), I r d  Lo t h e  irlcntiri.cation 01 gcnel-a1 i n s  trumcnt classcs providj  ng Ihc 

spccificd capabilities. The cansidcratjons illtlstral cd w c  rc the iirst s t c p  it1 

a selection process  LhaL cvenlually l e d  lo the suggestion fa r  iour lypcs of 

insirumcnl s 10s SR, visible, and U V  measuremenls: 

A A widc-angle le lcsrnpe (0. 3-m czpcrture U V  Schmidt.) f n r  sky s u r v e y  

work in the U V  rcgjon, s imilar  t o  s k y  surveys that have bccn m a d e  

i n  t l ~ c  vj  sible region with groul7d-based Schmidt telcscopcs,  and 

capablc: ol: hciisg upgradcd with an advanced version ( I  -1n) i t 1  latela 

years Ior mosc advanced slry- survey 1-cquiren~ents .  

n.  A tc lcscopc of I.argc aperture b u ~  less  than  t h e  highcsl. quality 

prfividr: arlcquatc cnpabj l i ty 101. siguificnnt spcctrograplsi r o't3sc1-vat: nn 

in t l ~ c  UV rr:gjnn and I n r  some UV imaging. 
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C, A large-apcsturn, high-quality-optics t e l e ~ c o p e  ( I  -m, apel-lure, 

diflrac:tion-limitrd, UV-vis ib le-IR)  for  obse rvaI.ious with a I i nc r  

angular rcsalulion Illan possible Irom ground- based telescopes in 

the visible region, a n d  f o x  he -angular -  resolution a b $ e ~ v a t i o l ~ s  In 

tllc UV, 

r) . A v e ~ y  -large-apcrturc tclescopc (3-131, apc?rLu:ur, d i f f k t i n n -  

linlitcd, U V-visj .ble-IR) to extend (he angular ~.esolution 01 boCh 

visible and U V  observations, wlzich is a gcucra t i an  laCcr than Il7c 

1 - n ~  diIfracLiun-linlj tcd tclctscope, 

Similar analyses wliicl~ wcrc conductacl for each of thc olhcr  mcasul*r:mcut 

areas involvad a yrrliminary consideration of oves 60 cliffersnt instruments.  

NASA-l\srnisl~c!d inIoa-mal ion on instxulncn t concept.,e: and dcsjgns  ~ v a  s user1 

W ~ C I ' C :  ~ o s s . L ~ I c  to talcc arlvanl.age of experience froin prevjous and current 

d c s i g n  ac l lv i t i c*~;  wlicrc no daLa cxlstcr1, new i n s ~ r n r n e n t  d e s i g n s  w c r c  

Thc study team rcvicwccl tllc instrument d c s i g n s  with scientific can[:ribulors 

and ins I rurnsnr' spccial.isI.s, As a result  .of these discussions, more  promis- 

i n g  clcsign approaches w e r e  made passil1.e 'and many dcsign criteria derivcr? 

I1.om Ihc cousul tanls '  collcctjvc cxpericncc were  included; c n n s e q z ~ c n l l y ,  

29 gcncr ic  instrurrtcnt types wcrc defined which arc considc~.erl as mccling 

projrdc:rl orhj.t'al ol~scrvat ion  roqui rcmentk ihrough tl?c 1990 p c r j  ad. 

?'h~*cc I.imc pcriods w c ~ c  nset l  l o  calcgorixe tho evolving I.e\.cl a'f sophislica- 

tin11 o f  manned space opc=valinn,  in gencral ,  a n d  astronomical rcscarch. i n  

parljcula 1.. T h a s c  pel.jorls upcrc: clcsj.gnatcc1 c a r l y  (1968 t o  1 9 7 3 ) ,  i n k c r -  -- 
mctljatc ( I  973 t o  1.373), and latc (1980 t o  1990). Tltc crtrly pcriod ~ . r ~ r l r c l r r l  --- - 



the short- duratio~i  (30- day) Orbi ta l  Worlishup- Apoll o ~ & s c & c  Mount (ATM- A) 

mie sj.011 capability, The j ~ ~ t r :  rn~ediaie tirnc pcriod rcllectcd a more  swpl~ i s  ti- 

cal.cc1 1 - LO 2-year space station. Thc laic time period was predicated upon . 

n six- t o  nine-man extended liLc (5-ycar) spacc station which could bc anti ci; 

pat erl as evolving inlo a na t iona l  ~mlzl . t ipurpovc faci l i ty i n  the late 1 9 8 0 k s ,  

T11csc spacc facility co11cep2:s werc trealccl as rcpxkscnting cl.asscs o'l'avail-. 

a l ~ l c  tcc.l~nologp, ralhc r than as fixed configu I-ations modified speci  fically- h x  

astrono~ny. Because Ihc iniLial  Apollo ~ e l c z  cope  Mount (A'TM-A] eifurl: has 

bscn already dcfinerl by NASA, the OASF Study emphasized the ATM-A 

1a l l . o~ -on  o r  intcrmcdiate periocl ( I  974 to 1979, i, e . ,  post  ATM) and a latc: 

per.j.ud (1980 to  1990) .  Talrlc 1 ctescribcv t h c  c11nraetc~ist:ics of the 29 generic 

ins l rulncnt  types suggustccl for Ihc in tcrmcdialc  and late time, periods.  

OI the  29 gencric. ins t rumcnis  identified i n  l'ab1.c 1, 22  were based nn current 

instrulnent-dcvcloprncnl activitics. T o  provide the informatiori rcclui rerl for 

Taslc C, each ins t rurncnl' in thc time-phased g.1-oups had to be broughl to a 

fairly unifonm level. 01 conceptual des ign.  A s  appropriate,  i n s  t ru~ncn!  s based 

on known designs were adapted o r  modified or new conccpLual designs were 

providccl, During the conceplual, design process ,  pl-ovision for c r c w  parlici- 

palion in the  in-orbi t  opcrat io~? of the instrulncnts was rcflcctcd in t h e  dcsigtis 

wbcrcx-CP t ftis was jur1gc:cl t.o provide the greatest  e~ fec t ivcncss .  

Analys is  of crew apcratiotl of varjc)us i n s t r umen t s  inclicatcd a signibicant 

parIiciptitc in orbj.tal asll-ouolny opexaLions with all instruments, but t o  

vaqding  dcgrees. Radicj le loscopcs  arc. essentially au!anzalic; hawcvcr, man 

m a y  prvvc valuablc 101- corrccl ivc or periodic mnintcnancc anrl modifications. 
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W i t h  optical teleacbpes, man is involved in nearly all  functions; i .  e.,  from 

updating or retrofitting sensors or changing film cassettes, to locating 

specii ic observational objectives such ae areas of high solar activity. The 

crew m a y  not be required for operating and monitoring radiation countess. 

The manned orbital facil it ies (0. F. ) assumed to be available in the time 

periods of interest are illustrated in Figure 4. They included two of the 

Earth orbital space station (EOSS) class, 2-year, six-man space stations in 

low-alti tude (200-nmi), low-inclination (3 o0 to  5 o O )  orbits in the intermediate 

period. As noted above, in the late time period, the stations were  visualized 

as  evolving into 5 -year, six- to nine-man manned orbital re search laboratory 

(MORL) class stations in low -altitude, low-inclination, and polar orbits; 

then, into a long- duration, national multipurpose facility in a low-inclination, 

low-altitude orbit. A l s o  considered were a series of short duration, non- 

resuppLiable missions to synchronous orbit. The orbital  Iacilities utilized 

have been numbered Irom one to eight, in approximate order of launch 

sequence. 

The alternatives fo r  housing and ope rating instruments in t h ~  various orbital 

facilities can be c lass i l ied into three general categories: 

1. Integrated- - The instrument i s  attached to, and wholly dependent 

on, the manned space- s tation subsys terns (propulsion, power, 

data management, crew sys t ems) .  

2 .  Semide tached (Intermittently- D e  tached )- - The instrument' module 

can operate far limited times, independently (free-floating ) 01 

the manned space s tatian and must have all subsydtems required 

to support itself as an independent satellite. This'modulels normal 

m o d e  of operation is  attached to the space station, 
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3. Detached- - The instrument's mode of operation is aa an independent, 

free-floating satellite, s tation-keeping with the manned space 

station and depcndent .on it for maintenance, repair, resupply of 

consumables (e.  g. , propellants and fi lm),  modifications of instru- 

ments, possibly some data management, communication, and 

experiment program sequencing commands. 

To determine general guidelines in optimal operations -made (integrated, 

s emi-detached, detached) selection, the unique requirements far  radio, 

optical (IR-visible-UV-XU V- - longer than lft), and high- energy radiation 
0 

(X-ray to cosmic ray--shorter than 1A) observations, were examined in some 

depth. 

Earth-based and low-altitude radio te lescopes are limited in their usefulness 

below roughly 30 MHz by the xeflec tion, absorption, refraction, and polariza- 

tion rotation effects of the ionosphere. The most highly ionized part of the 

ionosphere is the F- region. Above the F- region ionization maximum, the 

electron density falls off, to merge eventually with that of the plasma surraund- 

ing the sun. A long-wave radio astronomy antenna placed above the F-region 

can both receive signals from outside the Earth, and be freed from radio 

noise generated on Earth* by the shielding of the ionosphere. 

The orbit  altitude should be such that the local number of electrons must 

be B 9 cm-3 and the plasma frequency (I 1 9  h 
e 
'' kHz)  rnus t be 5 0. $times 

the minimum ope rating frequency ( 5  0 kHz). These conditions e x i s t  only 

above the 12, 500-mi (20, 000-km) altitude. 

Besides the requirements for ve ry-high-altitude orbits, which would s c  riously. 

limit the timc available f o r  manned operations, tad io  noise inte sfe rence can 



bc expected to  increase near any manned spacecraft, For these xeasona, 

an unmanned, detached antenna configuration was sllgge sted as the normal 

operating mode for radio astronomy. 

Because high-energy radiation devices can tolerate coarse attitude control 

and are not subject to appreci-able degradation by spacecraft effluents, it 

appeared that this class of instrumentation could be integrated into the basic 

space- station configuration, or operated while attached to the station, without 

the need Ios sophisticated mounting provisions. 

The selection criteria for the operations mode of the opt ical  group were less 

obvious and i t  was necessary to examine the  factors which could influence 

operations -mode selection f o r  the optical instruments in greater  detail. 

Selection and recommendations fo r  optical telescope operations modes were 

based on (1) scientific and technical  performance, as affected by such factors 

as optical environment contamination, radiation effects, attitude hold 

(dynamic isolatibn), thermal stability, and data management; (2)  operations, 

as affected by flexibility f o r  modifications, maintainability, reliability, useful 

life, multipurpose missions irnpac t, discretionary payload, and schedule 

flexibility; and ( 3 )  cost. In general, the optical  group of instruments was 

charae te rized by precise attitude-hold requirements ( I  arc- sec or lower) 

and sensitivity to spacecraft effluent environment. 

Figure 5 summarizes the critexia which were investigated in attempting to 

evalua tc the potential of integrated; semi- detached; and detached modes of 

operations f o r  the optical instruments. Each mode carried certain advantages 

and penalties. The potential problem 01 environment contamination in the 
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vicinity of a manned' space 5 tation favored detached module operation, The 

potential need to store data on film to  avoid saturating the data transmission 

capabilities, favored integrated operation (in view of the potential for better 

shielding provisions on a manned space station using ccotogical watey ). 

Dynamic isolation of instruments can be achieved in any operational m o d e  but 

m a y  be easier te accornpEish in a detached module. Detach~d- and semi- 

detached rnoclcs obviously offer advantages in improved schedule flexibility 

(equipment does not: need t o  be launched with a space station), and reduced 

-impact on station ope rations when several different obse rvatidn programs 

must be accomplished simultaneously. Although no One factor could be 

determined which would make one m a d e  of operation mandatory for optieal 

instruments, examination of the Iartors considered to be most critical 

[i. e. , environment contamination, dynamic isolation, data management, 

maintainability/ reliability, multipurpose mission irnpac t, and schedule BGx- 

ibility) suggested that a de taehed module concept for housing optical ins txu- 
/ 

rnents offered c onside gable potential and should be explored in greater depth. 

The generic classes of instruments proposed for each of the eight orbital 

facilities is shown in Figure 6. The observation programs and their 

associated ins trumcnts generally evolve from simpler survey or gros s data- 

collection tasks to detailed obse rvatians of laint, small aourees requiring 

larger apcrturcs or m o r e  sensitive detectors. The demands on orbital- 

facility resources correspondingly evolve to more precise pointing, greater 

data- handling capability, stricter the m a 1  control, less  optical environment 

contamination, and specialized orbits for long- term uninterrupted viewing of 

celestial objects. This growth is  reflected in the distribution of instruments 

among the orbital facilities. 
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The synchronous missione (No. 1, 6, and 7)  axe utilized in this plan only 

for radio astronomy because of the; unique requirements of radio abservatians. 

If man i s  present, crew duties might involve radio t e l e s c o ~ e  deployment, 

checkout, and monitoring of initial operations, The crew would then return 

to Earth after 14 to 28 days, leaving the automated instruments' behind. 

A possible alternative would be to  conduct the entire radio astronomy mission 

in an unmanned mode. Determination of the optimal degree of involvement of 

tho crew in these synehrcrnous missions remains to be investigated. 

The low-altitude, low-inclination missions (No. 2, 3, 4, and 8 )  would be 

visualized as supporting evolving groups of ins trurnents in other regions of 

the electromagnetic spectrum, from g a m m a  ray detectors through IR detec- 

tors through IR telcscopcs. It is anticipated that other ins trurnents besides 

the 3-m telescope (Reference 10) will  probably orbit  with the national multi- 

purpose facility (No. 8). The design 01 other instruments f o r  use in this 

time period, however, must wait f o r  the results of the earlier astronomy 

programs. 

The polar mission (No. 51, i f  placed in a sun- synchronous orbit (98'1, would 

offer a unique opportunity'for continuous viewing to an array of advanced 

solar instruments. The gas Cerenkov counter would be pIanned for polar 

arbit ta allow observation of cosmic ray electrons down to 0 .  1 GeV. 

The synchronous orbit is most desirable for general observations of the 

celcs  tial sphere. F r o m  synchronous orbit, any portion of the celestial 

sphere can be continuously viewed for periods of at least 24 hours. In lower 

altitudes, a 98O orbit providea continuous viewing fo r  most of the ecliptic 

plane, relatively small portiona of the galactic plane, and short viewing 



pcriods for  both the center of the Galaxy and the galactic poles.  A 50' orbit 

provides limited continuou~ -viewing capability for a small portion of the 

ecliptic plane, and for the plane, poles and center of the Galaxy. Each of 

the low Earth orbits can view a13 of the celestial  8phere for short periods of 

time. 

Long-duration solar viewing can be obtained only in a sun- synchronous, or 

near-polar orbit. For each orbit altitude, there is only one orbit inclination 

that yields the required precession of 0.986'/day to  achieve a sun- 

synehronoue orbit. Deviations from this ideal would reduce the time for 

continuous viewing. For example at 200 nmi, the optimal orbi t  wauld 

be 98', In this orbit, however, only about 21 0 days would be available for 

continuous viewing, assuming a 100 krn critical atmosphere height; this 

reduces to less than 30 days of continuous viewing in a 200 nrni arbit at 

inclinations of 90'. Longer periods of continuous vi'ewing wauld be possible 

in, higher-altitude orbits (above 500 nmi), 



CONCLUSIONS- - EAkLY MISSIONS ARE 

TECHNOLOGICAL STEPPING STONES 

The emphasis in manned solar and stellar astronomy in the early time period 

should be primarily directed toward conducting coarse surveys in the .WV, 

X-ray and gamma- ray and toward the development of operational capability 

with manned vehicles. Ultimately, the highest probabiltity of significant 

scientific re turn can be realized if the ATM-follow- on missions are d i ~ d c  ted 

toward obtaining a better understanding of the role and primary contributions 

of man before large-scale commitments are made to the more sophis tieated 

facilities of the late time periods. These early missions would provide a 

needed platform t o  answer the many technology-oriented questions upon which 

future design will be predicated, such as those relating to design criteria and 

ope rational techniques for space servicing operations, evaluation of candidate 

operating modes, determination of mant s role in  data taking, and demonstra- 

tion of precision pointing and control techniques, Based upon early mission 

success, i t  can be anticipated that the first major long- term scientific facili- 

ties forbastronomy which are capable of effectively utilizing man's working 

participation woulcl become available in the intermediate time period. 

While the views presented herein may be somewhat optimistic and i t  is 

recognized that achievements are m o r e  highly dependent upon budgetary than 

upon technical limitations, the tremendous potential be fore us doee indeed 

stagger the imagination. Coupling man1 s capabilities with the vantage point 

of space will provide a dynamic and viable plat form for unprecendented 

opportunities t.a Seara more of the universe and even, perhaps, of our eventual 

destiny. 
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