
28 JUNE 1968 

DAC-58141 

VOLUME I 
TECHNICAL SUMMARY 

DOUGLAS MISSILE., SPACE SYSTEM!P DIVISION 

/ 
MCDONNELL DOUGL~ 

• CORPORATION 
", 



--
[ 

r 
[ -

[ -

[ 

[ 
J 

[ 

[ 

[ 

[ 

[ 

[ 

[ 

[ 

[ 

r 
(L 

[I 

[1 . 

ORBITAL ASTRONOMY SUPPORT FACILITY 

(OASFl STUDY 

28 JUNE 1968 

VOLUME I 
TECHNICAL SUMMARY 

/ 

PREPARED BY 
H.L. WOLBERS 
PROGRAM MANAGER 
ADVANCE SPACE AND LAUNCH SYSTEMS 

APPROVED BY 
T.J. GORDON 
DIRECTOR 
ADVANCE SPACE AND LAUNCH SYSTEMS 

DOUGLc::>r' 
~SSILE & SPACE SYSTEMS OIVISION 

SANTA MONICA, CALIFORNIA 

DAC-58141 





J 
l 

PREFACE 

This report i ubmitted by the Douglas Aircraft Company, Missile and Space 
Systems Division, to the National Aeronautics and Space Administration Marshall 
Space Flight Center (NASA-MSFC). It has been prepared under Contract No. 
NAS8-21023 and describes results of the Orbital Astronomy Support Facility 
(OASF) Study. The study began on 12 December 1966 and ended on 28 June 
1968. 

This volume is the first of five and presents the technical summary of the study. 
The other four volumes (DAC-58142 through DAC-58145) present the detailed 
results of the study and a discussion of the research and technology implications 
for orbital astronomy. 

Comments or requests for information concerning this report will be welcomed by 
the following individuals: 

• H. L. Wolbers, Program Manager 
Douglas Aircraft Company 
Missile and Space Systems Division 
5301 Bolsa Avenue 
Huntington Beach, California 92647 
Telephone: 714-897-0311, Extension 4754 

• J. R. Olivier, R-AS-VO 
National Aeronautics and Space Administration 
George C. Marshall Space Flight Center 
Marshall Space Flight Center, Alabama 35812 
Telephone: 205-876-2234 
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FOREWORD 

The unparalleled re earch opportunitie offered by manned space flight are perhaps nowhere 
more evident than in astronomy and astrophysics. The ability to overcome atmospheric inter
ference i , in it elf, a major breakthrough and this, when coupled with the astronaut's ability to 
elect and process data and to calibrate, modify, and repair in truments, will yield unprecedented 

and invaluable in ight into many fundamental que tion . 

While the opportunities for important astronomical research from a manned platform in Earth 
orbit are clear, ignificant planning question remain for NASA. For example, the space station 
and it scientific instrumentation and crew participation may be greatly dependent on the 
re earch program. What is their ensitivity to research objectives? What are acceptable strategies 
in reaching these objectives? Considering the real-life constraints of limited fiscal and intellectual 
re ource , i there a y tematic approach to planning for the accomplishment of these objectives? 

In a en e, the ultimate objective of this study wa to reduce the uncertainty in the planning of 
a tronomical re earch and the design of the pace facilities which the research demand. 

The pecific purpo e of thi study wa to identify and analyze elements of a long-range evolu
tionary plan for the 1974-to-1990 time period that will fulfill the need of the scientific 
community to as large an extent a possible with flexibility for change as new data about the 
univer e stimulate new objective , and to assess the requirements which such a long-range space 
a tronomy program would place on manned orbital facilities. The sequence followed by the 
tudy team was as follows: 

1. Deriving-with the aid of contributing members of the scientific community-a set of 
significant astronomical research objectives. 

2. Identifying those objective which are particularly appropriate for a manned orbital obser-
vatory. 

3. Translating those objectives into ob ervation and measurement requirements. 
4. Deriving a et of conceptual instrument designs. 
S. Deriving a eries of orbital facilities which can accommodate these instruments and per

form the desired research. 
6. Formulating an evolutionary plan that is ba ed on the objectives, instruments, and 

facilities. 

In developing the approach to this plan, the study team was faced with several significant 
challenges. First, it was important to recognize that long-range programs of national scope 
require considerable time for the development of necessary systems and equipment. Long-range 
planning is therefore desirable because it offers the promise that necessary long-term fiscal 
commitments can be made and that the systems and equipment required will be available by the 
time they are scheduled for u e. Yet the team recognized that in scientific disciplines, unex
pected rather than planned events sometimes contribute most significantly to scientific insight, 
and such unexpected discoveries could well influence subsequent planning. Furthermore, while 
rigid research plans may facilitate the design of the space instruments, they may stifle innovative 
research. Recognizing the e aspects, the study team sought to develop an approach that would 
provide concepts' structured well enough for initial planning and fO.r the derivation of instrument 
and space station designs but flexible enough to permit change and individual contributions and 
participa tio n. 
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The result of the OASF Study, then i a plan that i of sufficient breadth to permit definition 
of (l) the effort required to realize the projected objectives of astronomy, (2) the future 
performance requirements for orbital facilities with reasonable expectation that they will avoid 
ob olescence in the near-term, and (3) a time-pha ed implementation plan. 

The final report of this study i contained in five volumes, of which till document i one. These 
five volumes are: 

I. Th..., Orbital A tronomy Support Facility Study Final Report: Technical Summary 
(DAC-58141) 

Thi volume compactly ummarize the material contained in Volume 2 through 5. 

2. OASF Study Final Report: Ta k A-Orbital Astronomy Re earch Requirement 
(DAC-58J 42) 

Part I : The Baseline Astronomy Research Program 

This portion, in describing the baseline research program u ed in Ta k Band , di cu e 
the participation of scientific contributor , the ystematic derivation and evaluation of the 
program, and the potential of pace astronomy. 

Part 2: A Methodology for Systematic Identification of andidate Space Astronomy 
Observations 

This portion discusses the development of a methodology for use in follow-on research 
planning as applied to space astronomy. 

3. OASF Study Final Report: Task B-Instruments for Orbital Astronomy (DAC-58 I 43) 

This volume describes a set of instrument -radio telescopes optical telescopes, and radia
tion counters-for accompli hing the observation requirements derived in Task A. It also 
discusses the procedure used in selecting the instruments, the requirements for developing 
the instruments, and the characteristics of the instruments which will affect their opera
tion in orbit. 

4. OASF Study Final Report: Ta k C-Orbital Astronomy Support Facility Concept 
(DAC-58 144) 

This volume discusses the evolution of manned OASF concepts that accommodate and 
support astronomy instruments and re pond to demands of the observation program. It 
contains a logical, evolutionary plan for developing the instruments and orbital facilities 
and for utilizing them in a series of missions that will accomplish the baseline re earch 
program. 

5. OASF Study Final Report: Research and Technology Implications for Orbital A tronomy 
(DAC-58145) 

This volume discusses the re earch and technology requirement related to astronomy 
instruments and orbital ob ervatory facilities which appear to warrant further effort. 
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INTRODUCTION 

The managers and decision makers responsible for 
guiding this nation's space programs are continually 
faced with a diversity of alternative courses of 
action from which they must choose the approaches 
which appear to offer the greatest potential. These 
deci ions affect the allocation of resources, the 
implementation and cheduling of programs, and the 
determination of costs and potential benefits. 

During the past 20 years, a battery of explicit 
planning techniques has been used to aid in cost 
analysis and benefit optimization (see Volume 11). 
They include cost effectiveness, PERT, scenarios, 
technological forecasting , fi nd program budgeting. 
Collectively referred to as " systems analy is," these 
techniques have proved to be invaluable in weapon 
y terns analysis, policy making, and experimentally 

in the social sciences where neither costs nor bene
fits can easily be made quantitative. 

According to E. S. Quade of The Rand Corporation, 
the sy terns-analysis process generally consists of: 
(I ) definition of objective , (2) con truction of the 
system model , (3) determination of alternatives (4) 
establishment of costs, and (5) articulation of cri
teria election (Refetence I). This approach has 
already been used in many technological disciplines. 
For the problem at hand , the key scientific research 
objectives, or the needs of the using agencies, dic
tate the new knowledge requirements. From these 
req uirements, experimentation objectives can be 
selected and te ted in program models against pre
determined criteria. The measurement of costs then 
leads to the conceptualization of an orbital research 
program which promises to be efficient and eco
nomical. The program definition also includes the 
identification of supporting research and develop
ment, alternative space laboratory and facility con
cepts, and the interface required with the current 
a nd projected operational and ground support 
capabilities. Only through such a systematic 
approach can a logical and evolutionary program 

plan be provided that not only promises to be 
economically and technically sound , but respon ive 
to the needs of the scientific community. 

To accomplish the systematic definition of astron
omy program requirements, (See Figure I), the 
OASF Study was organized into three major tasks. 
Task A was the development of a comprehensive 
baseline research program and the establishment of 
space-dependent measurements and mission require
ments. Task B was the identification of measure
ment instruments, the conceptual design of new 
instruments, if needed , and the preparation of devel
opment plans for time-phased instrument groups. 
Task C was the definition of OASF concepts, the 
specification of the scientific instrument grOUPings/ 
for each concept, and the definition of the opera
tional interface between ground and flight facilities. 
Critical upporting research and technology develop
ment items to support the evolutionary program 
plan were also identified. 

The following pages summarize the methodology 
and results of the three tasks, the research and tech
nology requirements which appear to warrant 
further effort, and pertinent conclusions tha t were 
reached. 

Figure 1. Requirements Analysis 

ORBITAL ASTRONOMY RESEARCH REQUIREMENTS (TASK A) 

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 ource of information for the formulation of 
research requirements. Their recommendations and 
advice were used to derive specific research objec
tives and to determine quantitative requirements for 
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observations and measurements. At several points in 
the period of information generation, progress was 
reviewed with NASA and the scientific contributors. 
At all times, a diligent attempt was made to pro
duce a research program scientifically valid for the 
1974-to-1990 period on the basis of the present 
understanding of the universe and the anticipated 
research needs. 

It was tempting at the outset to say simply that 
future orbiting astronomical oQservatories should 
capitalize on the new vantage point; that is, they 
should contain instruments which would permit 
observations in the regions of the spectrum opened 
by virtue of being above the atmosphere. Indeed, a 
number of the astronomer-consultants took the 
position that it was impossible to derive a strategy 
better than simply, "give us a platform stabilized to 
the highest possible accuracy, containing the most 
ensitive instruments possible, and let us scan the 

heavens in the n'ew regions of the spectrum." While 
a case could be made for this kind of facility, real 
questions still remained such as priority among 
alternative astronomy research programs and the 
relative benefits of instruments of various capabili
ties. 

An approach was therefore sought which, through 
its logical consistency, would promise to illuminate 
the issues of priority among alternative research pro
grams, demonstrate the completeness and flexibility 
of the program selected, and serve to display the 
contribution of the selected research to the disci
pline as a whole. Volume II of this report, which 
explains Task A in more detiail, makes reference to 
earlier studies which employed a similar program
structuring logic. These were the Douglas study of 
MORL and the IBM study of ORL Experiments. 
While this earlier work appeared promising, the 
study team recognized that it did not deal with 
questions of research in the basic sciences; hence, it 
was expected that new challenges would be intro
duced in the current investigations. 

At the start of the work, astronomical objectives 
were defined in terms of research steps or questions, 
rather than in terms of physical objects. With funda
mental research as the starting point, various sub
objectives were established, together with their 
attendant observation or measurement requirements. 

2 

These requirements were summarized and docu
mented on Observation Requirement Data Sheets 
(ORDS). A team of specialists prepared 91 ORDS* 
using both general and specific recommendations 
from the many scientific contributors. Approxi
mately 50 parameters were tabulated on each of the 
special forms. Of these parameters, those considered 
to be basic in establishing observation requirements 
were: Epoch Span; Wavelength; 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 characteristics. These estimates were 
iterated and augmented during the study to achieve 
a more refined set of observation parameters. 

The ORDS described measurements across the elec
tromagnetic spectrum except for two regions. One 
region was the sector from approximately 1 cm to 
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 
sub millimeter regions could be obtained at much 
lower cost by using ground and aircraft 
observations. 

While the requirements summarized on the data 
sheets can be considered valid examples of potential 
orbital astronomy activities, they must not be con
strued either as research proposals or as an exhaus
tive grouping of potential orbital observations. 
Nevertheless, the measurement descriptions were 
sufficiently detailed to provide the initial analysis of 
needs for instrumentation and support facilities and 
for identification of necessary technological 
advances (Tasks B and C). 

Because it was recognized that the ORDS exercise 
was merely representative of a potential orbital 
astronomy program and did not provide the oppor
tunity of testing completeness of the program or 
deriving priorities, a parallel investigation of 
methods of logical structuring was conducted' this 
investigation is summarized in Volume II of this 
report. Briefly, four methods of analysis were inves-

·See Appendix B of Volume II - Part I. 
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t'igated: an "object-oriented" approach, based on 
the system described by Churchman, Ackoff, and 
Arnoff (Reference 2) ; a morphological or "para
metric matrix" approach patterned after Zwicky's 
work wherein particular parameters of interest such 
a angular resolution and pectral bands, were 
related to the astronomical bodies (Reference 3); a 
"consensu approach" to define "burning issues" of 
a tronomy (Reference 4); and finally a "research
oriented relevance tree." This final approach 
differed from the earlier concepts in that it recog
nized the neces ity of articulating the relationship 
between the theoretical and the experimental 
branches of the discipline. In effect, the earlier 
methods yielded only a systematic cataloging of 
potential experiments and observations with little 
cohe ive structure to indicate logical relation hips 
am 0 ng experiment. This mi ing intrastructure 
repre ented the connection among the theories the 
hypo the i, the models of the discipline, and the 
experimental programs which evolve from the e con
cepts. 

The theoretical line of the research-oriented ap
proach con i ted of statements of the paradigms of 
the di cipline and revision and refinement to these 
a new data are derived by experiments. The experi
mental branch consisted of a spectrum of poten
tially fea ible experiments within the limits set by 
currently held view of the discipline. Clearly, there 
is an adaptive feedback between theoretical and 
experimental considerations in which new or unex
pected experimental data cau e theory revision and 
revised theories suggest new experimental domains. 
Thi is illustrated in Figure 2. 

Thi model was applied to astronomy, labeling the 
theoretical model-building aspects: "definition of 

PARAOICM STATtME,HT 
AND REVISIOr4 AS 
C(NERATED IY £XPERINENTAl 
DATA 

"NORMAl" SCIENCE 
PROIING OF THE 
OtSCIPLlH£ AS O[F1NEO 
IY CURRENn Y HELD 
THEORETICAL COHCUTS 

Figure 2. I ntrastructure of Research 

the ongm and future of the univer e" (evolution) 
and "establishment of principles of change and 
order of the univer e" (laws). The experimental 
branch was called "observation of the pre ent char
acteristic (state) of the universe." This breakdown 
served a the top level of the final relevance tree 
format and was used in the form shown in Figure 3. 

The e three categories repre ent three points of 
departure for the discipline. Taken together they 
fully define its pre ent tate of knowledge and are 
capable of being expanded to include new knowl
edge as it is collected. The division among thes 
points of departure is coincident with the con 
temporary subdi ciplines of astronomy : cosmologl[ 
and cosmogeny; ob ervational astronomy; and astray 
phy ic. This breakdown of evolution, state an 
laws of order apparently has general application tq_ 
relevance-tree structuring of many other scientifi 
di cipline . 

To move from these top-level questions to a state
ment of the requirements of research programs 
necessitated the development of logic processes 
which were peculiar to the theoretical and experi
mental domains. As indicated earlier, the state 
column (experimental) involves the generation of a 
relatively complete set of potentially feasible obser
vation and experiment requirements within the con
straint of currently held astronomical models. An 
example of the particular logic used is shown in 
Figure 4. At the lowest level of this chart some 
3,000 potential measurement requirements were 
identified . These research objectives, as with Kuhn's 
"normal science" (Reference 5) were generally 
devoted to increasing the precision of astronomical 
constants, to comparing the results of observation 
with those forecasted by the discipline's working 

M""nUHO'S oeJ[C'TrvE IN SPAC(· 
IAS£D ASTM:IfK)MV 15 TO GAIN A 
Imu UHOD:n A"OIHG or THE 
UNNDtst _ ' ''ST. PUstNl AND 
FlITUIt£ - ntftOUGH !!:(MOTE SENSINC 
Of' EXTRATERRES TRIAL OIJECTS AND ........ 

WHAT ARt THE 'RES(NT 
CtWlACTOtlSTtCS Of THE 
UNMRSl1 

Figure 3. Objective Approach 
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Characteristics of Universe 

paradigms, and to refining and articulating the 
paradigms. 

The theoretical lines (the ongm and evolution of 
the universe and the laws of change) required the 
development of a different sort of logic. Here the 
plan moved from articulation of operational 
theories, to statement of consequences of the 
theory, to development of critical tests of the 
theory . Figure 5 is a simplified illustration of the 
derivation used. If complete, this structure would 
index all of the theories under test in the discipline 
and the crucial tests which would establish their 
superiority over competing concepts. In the OASF 
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Figure 5. Selected Subobjectives, Including 
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Study, it was estimated that 1,000 crucial tests 
could have been defined. 

Although it was clearly beyond the scope of the 
study to develop this epistemological approach 
beyond the point indicated above, the analysis was 
carried far enough to indicate the powerful tool 
which it could provide for research program 
planning and the tremendous potential of further 
work in this area. The analysis did provide valuable 
insights for the study team and helped them struc
ture the measurements derived from the Observation 
Requirement Data Sheets (ORDS) into a more 
usable form for the Task B effort. 

INSTRUMENTS FOR ORBITAL ASTRONOMY (TASK B) 

Th e measurement requirements defined in the 
ORDS were grouped into classes according to the 
degree of similarity of their characteristics. Generic 
classes of instruments were then identified which 
could satisfy the discrete groups of measurement 
requirements. Figure 6 gives an example of this 
process using stellar and planetary observations for 
the IR, visible, and UV portions of the spectrum. 
Each vertical line indicates the wavelength range and 
the angular resolution required in one of the ORDS; 

4 

the dot indicates the wavelength at which the 
angular resolution was specified. Study of the 
groupings of observation requirements with respect 
to the diffraction limitations inherent in optical 
telescope performance (sloping lines) and considera
tion of the observations available from ground-based 
observatories (shaded areas), led to the identifica
tion of general instrument classes providing the 
specified capabilities. The considerations illustrated 
were the first step in a selection process that even-
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tually let to the suggestion for four types of instru
ments for IR visible, and UV measurements: 

A. A wide-angle telescope (O.3-m UV Schmidt)* 
for sky survey work in the UV region, similar 
to sky surveys that have been made in the 
visible region with ground-based Schmidt tele
scopes, and capable of being upgraded with 
an advanced version (l-m) in later years for 
more advanced sky-survey requirement . 

B. A telescope of large aperture but less than 
the highe t quality optics (l-m, non
diffraction-limited , UV-visible)* to provide 
adequate capability for significant spectro
graphic observation in the UV region and for 
some UV imaging. 

c. A large-aperture, high-quality-optics telescope 
(l-m, diffraction-limited , UV -visible-IR)* for 
ob ervations with a finer angular resolution 
than possible from ground-based telescopes in 
the visible region, and for fine-angular
resolution observation in the UV. 

D. A very-large-aperture telescope (3-m 
diffraction-limited , UV-visible-IR)* to extend 
the angular resolution of both vi ible and UV 
observations, which is a generation later than 
the 1-m diffraction-limited telescope. 

Similar analyses which were conducted for each of 
the other measurement areas involved a preliminary 
consideration of over 60 different instruments. 
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Figure 6. Observation Commonality ~ssessment 

-The dimensions listed are apertures. 

NASA-furnished information on instrument con
cept and design was used where possible to take 
advantage of experience from previous and current 
design activities; where no data existed , new instru
ment designs were conceived. 

The study team reviewed the in trument designs 
with scientific contributor and instrument special
ists. As a result of these discussions, more promising 
design approaches were made possible and many 
design criteria derived from the consultants' collective 
experience were included ; consequently , 29 generic 
instrument types were defined which are considered 
as meeting projected orbital observation require
ments through the 1990 period. 

It was found u eful to divide the instrument classes 
into two time-pha ed generation of instrument 
development ba ed on (1) projection of develop
ment times tarting from current technology , and 
(2) the uccessor-predecessor relationships of obser
vation programs established in the research req uire-
ments phase of the study (Task A). I 

The first Apollo Telescope Mount (ATM) mISSIOn 
was assumed to be implemented in the early 1970's. 
Because the A TM effort has been already defined , 
the OASF Study emphasized the intermediate 
period (1974 to 1979, Le., post-ATM) and a late 
period (1980 to 1990). During the intermediate 
period, a 1- to 2-year mission space station was 
assumed to be operational; in the late period, a 
5-year, extended-life space station was assumed. 
Figure 7 summarizes the 29 generic instrument 
types and Table I describes their characteristics. 
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Figure 7. OASF Time·Phased Instrument Groups 
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The instruments considered in the study fell into 
three general classes: radio telescopes, optical tele
scopes, and radiation counters. Only the optical 
telescopes focus radiated energy in the normal 
sen e: they collect and redirect this energy in an 
organized manner into some instrument that can 
extract information from it. Generally, radio tele
scopes integrate the effects of radiated energy inci
dent upon the antennas. Radiation counters do not 
meaningfully change the direction of the high
energy radiation; they identify (count) radiation 
pulses that fall into specified ranges of energy level 
and direction of approach, and reject those that do 
not. 

Optical telescopes can logically be divided into two 
categories, normal incidence and grazing incidence. 
The former are satisfactory in the IR and visible 
regions and in a portion of the UV region, but 
reflectivity falls off drastically as the X-ray region is 
approached. In the X-ray and the extreme UV 
(XUV) regions, satisfactory reflectivity can be 
achieved only if the radiation strikes a reflective sur
face at a grazing angle, which gives ri e to grazing
incidence tele copes, a relatively new area of tech
nology. 

Of the 29 generic instruments identified in Table I , 
22 were based on current instrument-development 
activities. In the intermediate period, 15 of the 19 
instruments had counterparts in current develop
ment activities. To provide the information required 
for Task C, each instrument in the time-phased 
groups had to be brought to a fairly uniform level 
of conceptual design. As appropriate, instruments 
based on known designs were adapted or modified 
or new conceptual designs were provided. During 
the conceptual design process, provision for crew 
participation in the in-orbit operation of the instru
ments was reflected in the designs wherever this was 
judged to provide the greatest effectiveness. 

Volume III of this report includes data packages for 
each instrument; each package contains specific 
parametric information on collectors, space-station 
interface characteristics, _guidance and control 
requirements, and instrumentation capabilities. Also 
included is information on current status, mission 
limitations, operational demands, human factors 
considerations, requirements for supporting research 
and technology, and estimates of development 
schedules and development costs. Working ize 
drawings of the instruments were prepared and 
delivered to NASA. 

Analysis of crew operation of various instruments 
(see Figure 8) indicates a significant role for man in 
the astronomy program. Crew members are 
expected to participate in orbital astronomy opera
tions with all instruments, but to varying degree. 
Radio telescopes are essentially automatic; however 
man may prove valuable for corrective or periodic 
maintenance and modifications. With optical tele
scopes, man is involved in nearly all functions; Le. 
from -updating or retrofitting sensors or changing 
film cas ettes, to locating specific ob ervational 
objectives such as areas of high olar activity. The 
crew may not be required for operating and 
monitoring radiation counters. 

"UMBER Of 
FUNCTM)HS 

SIGNlftCAHTlY 
INVOLVING 

MAN 

FUNCTIONS: 
A DO'lOYM[NT 
8 ALIGNMENT 

C CAlIBRATM)" 

E MAIHTEHANa 
F DATA MANAG(M(HT 

C RETROfiT 

Figure 8. Crew Participation 

ORBITAL ASTRONOMY SUPPORT FACILITY CONCEPfS (TASK C) 

Douglas , together with NASA, developed an 
assumed schedule for certain generic classes of space 
stations. This mission plan forecast is illustrated in 
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Figure 9. This program model was used as a ba is 
for testing various approaches for satisfying astron
omy objectives. 
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Figure 9. Mission Plan Forecast 

The orbital facilities (O.F.) suggested by NASAl 
MSFC included two Earth orbital space station 
(EOSS) class 2-year, six-man space stations in low
altitude (200-nmi), low-inclination (300 to SaO) 
orbits in the intermediate period. The stations were 
visualized as evolving into 5-year, six- to nine-man 
manned orbital research laboratory (MORL) class 
stations in low-altitude, low-inclination, and polar 
orbits; then, into a long-duration , national multi
purpose facility in a low-inclination, low-altitude 
orbit, all in the late period, Also considered were a 
series of short duration, non-resuppliable missions to 
synchronous orbit. The orbital facilities utilized 
have been numbered from one to eight, in approx
imate order of launch sequence, Missions 2 through 
5 utilized Titan III-M-launched six-man logistics 
systems with a resupply frequency of 120 days. 
Some unmanned Titan III-M logistics vehicles are 
also available for special equipment delivery. 

Note that this study, being primarily requirements
oriented, was concerned with the impact of manned 
orbital astronomy on multipurpose space stations. 
Because these space stations will probably simul-. 
taneously support many different types of scientific 
and applications missions as yet undefined , the 
study described some of the critical interactions 
between astronomy requirements and space system 
lesources (e,g. , skilled crewmen, electrical power, 
,Jgistics capability, and data management), There
fore , the space stations were treated as representing 
a class of available technology, rather than as fixed 
configurations to be modified specifically for astron
omy. The study concentrated more heavily on the 
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1974 to 1979 period (with 2-year space-station 
missions) because of its greater potential impact on 
current NASA planning activities. 

SELECTION OF OPERATING MODES 

The analysis first examined the advantages and dis
advantages of the alternatives for housing and oper
ating instruments in the various orbital facilities. 
The alternatives explored can be classified into three 
general categories: 

1. Integrated-The instrument is attached to , and 
wholly dependent on, the manned space
station subsystems (propulsion , power, data 
management , crew systems), 

2. Semidetached (intermittentIy-detached)-The 
instrument module can operate for limited 
times, independently (free-floating) of the 
manned space station and must have all sub
systems required to support itself as an inde
pendent satellite. This module's normal mode 
of operation is attached to the space station. 

3. Detached-The instrument's mode of opera
tion is as an independent , free-floating satel
lite, station-keeping with the manned space 
station and dependent on it for maintenance, 
repair, resupply of consumables (e.g" propel
lants and film), modifications of instruments, 
possibly some data management, communica
tion, and experiment program sequencing 
commands. 

To determine general guidelines in optimal 
operations-mode (integrated , semi-detached, 
detached) selection, the instruments were divided 
into three general classes: radio , optical (lR-visible
UV-XUV-Ionger than I A), and high-energy radia
tinn (X-ray to cosmic ray-shorter than I A). 

Radio Telescopes 

Earth-based and low-altitude radio telescopes are 
limited in their usefulness below roughly 30 MHz 
by the reflection, absorption, refraction, and polar
ization rotation effects of the ionosphere. These 
limitations increase in severity with decreasing 
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frequency, becoming intolerable at frequencies 
below 5 MHz. The most highly ionized part of the 
ionosphere is the F-region. Above the F-region ion
ization maximum, the electron density falls, to 
merge eventually with that of the plasma surround
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 electron must be ~ 9 cm-3 and the 
plasma frequency (f e:! 9 He 1/2 kHz) must be ~ 0.5 
times the minimum operating frequency (50 kHz). 
The e conditions exist only above the 12,500-mi 
(20,000-km) altitude. 

Besid es the requirements for very-high-altitude 
orbits, which would seriously limit the time avail
able for manned operations, radio noise interference 
can be expected to increase near any manned space
craft. For these reasons, an unmanned, detached 
antenna configuration was suggested as the normal 
operating mode for radio astronomy. 

High-Energy Radiation Counters 

Becau e high-energy radiation devices can tolerate 
coar e attitude control and are not subject to appre
cia b Ie 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 for sophisticated mounting provisions. 

Optical Telescopes 

The selection criteria for the operations mode of 
the optical group were less obvious and it was 
neces ary to examine the factors which could influ
e nce operations-mode selection for the optical 
instruments in greater detail. 

Selection and recommendations for 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 isolation), thermal 
stability, and data management; (2) operations, as 
affected by flexibility for modifications, maintain
ability , reliability, useful life, mUltipurpose mission 

impact, discretionary payload, and schedule flexi
bility; and (3) cost. In general, the optical group of 
instruments was characterized by precise attitude
hold requirements (l arc sec or lower) and sensi
tivity to spacecraft effluent environment. 

Of all the factors considered , optical environment 
contamination and data management appeared to 
have the most potential impact on mode selection, 
and thus warrant separate discus ion. 

Optical Environment Contamination-The contami
nants expected from an Earth-orbiting space station 
of the 1974 era are summarized in Figure 10. 
The contaminants shown are for normal operations. 
Failure cases or unusual situations might change 
these estimates significantly. The revised tabulation 
column shows the contamination elements after some 
minimum-effort space station modifications. EVA 
would contribute approximately 1 to 9 lb of addi
tional contaminants (largely water) per man-hour of 
activity. All of the contaminants shown, except 
propellants, contribute to an essentially steady-state, 
comet-shaped cloud around the space station. 

RCS propellant ejection does not appear to cause a 
significant problem. The local density near the 
thrusters would reach the level of the norma] den
sity within 1 to 100 sec. The mean clearing time 
probably would be on the order of 10 sec. With 
suitable placement of instrument packages with 
respect to thru ters, even short-period obscurations 
could be greatly reduced. 

Because the water molecules near the station would 
have a lower velocity than the gaseous contami
nants, most of the surrounding cloud would consist 
of water; this poses perhaps the greatest problem in 
limiting observations for several reasons. First, an 

AS DESIGN[D (La/DAY) R(VISED IlI, DAI') 

1 ATMOSPHERE LEAKAGE 5 
2 ATMOSPHERE OUMP 7 
J LOGISTICS ATMOSPHERE LEAKAGE 1 
4 PROPELLANT IP/ RCS) EXHAUST Il Il 

5 URINE DUMP 28 
6 FECAL WATER DUMP 
7 C02 DUMP 15 15 

~ -t-iH-ta-- --+--H+ 

Figure 10. Contaminants Released by EOSS 
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artificial background brightness would be generated 
by light scattering off the ice crystals formed from 
the water vapor. Figure 11 presents the relative 
brightness of the background as compared to sun 
surface brightness (B/B0 ) which could be expected 
at various separation distances from the space sta
tion. Note that the relative background brightness 
shown is for a viewing angle with respect to the sun 
of 600 and is seen to be approximately 4 x to-13 
sun-surface brightness. The level of background 
brightness is reached at a separation distance of 
approximately 2,700 ft. 

Note that estimates of separation distance require
ments are very dependent upon the assumptions 
made as to the amount of water vapor converted to 
ice crystals. For less than 100% conversion of water 
to ice crystals of approximately micron size, the 
relative background brightness will be reduced and 
the total background brightness will reach that of 
the natural background at a smaller separation dis
tance. Determination of the severity of this poten
tial problem must await in situ observations. 

Because of the potential increase in artificial
brightness background, bagging of the urine water is 
proposed to reduce the water dumped. Negligible 
light absorption and scattering in the UV are ex
pected from the molecular contamination; however, 
the potential deposition of contaminants on optical 
surfaces should be minimized. Therefore , any other 
easily attained modifications to the vehicle design 
which would reduce the effluents should be made. 
It should be emphasized that the magnitude of the 
effl u ent problem is hardware peculiar. Proper 
vehicular design can go a long way toward solving 
this potential problem. 
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Figure 12. Radiance Distribution Comparison 

To place the contamination problem in perspective, 
Figure 12 presents a comparison of data from 
Gemini V, VI, OGO III, and a proposed EOSS. The 
coronal and zodiacal light establishes the relative 
background brightness of the natural environment in 
the plane of the ecliptic. The upper boundary of 
the background brightness about the EOSS is the 
maximum expected from sunlight scattering off ice 
crystals for the original EOSS contaminant effluent 
rat e. (Mol~cular scattering and absorption are 
assumed to be negligible and propellant exhaust is 
too quickly dissipated to be significant.) The lower 
boundary is the maximum background brightness 
expected by the revised EOSS effluent rate. 

The background brightness for Gemini V and VI 
were determined by the magnitude of the stars that 
could be observed with the unaided eye during day
time. Other factors, besides a contamination cloud 
about the vehicles, may have contributed to the 
relatively high background brightness. Such factors 
may have included scattered sunlight reflected from 
other positions of the vehicle, lack of dark adapta
tion of the eye, and absorption/diffusion through 
the viewing port. Limiting visual-magnitude scale for 
viewing through diffraction - limited f/30 telescope 
of I-m aperture with a stability of 0.1 arc sec is also 
included to show the potential effect on the detection 
and observation of faint objects. 

OGO III data are included as representative of the 
background brightness to be expected around an 
unmanned satellite or module. 
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From these data, it would appear that optical 
instrumentation operating from a remote module 
would alleviate the potential problem of restricted 
visibility. 

Data Management-The approaches to data collection 
considered during the study were (1) the use of direct 
facility-to-ground data transmission and (2) film 
recording, storage, and return via data return capsules 
or crew-rotation logistics vehicles. 

Typical example of data-generation rates can be 
cited. Spectro copic urveys and flux determination 
of discrete gamma-ray sources were estimated to 
produce 3.7 x 106 bits per day of data. High
resolution cinemagnetography of the sun was esti
mated to produce 144 x 106 bits per day. UV 
spectroscopy of stellar chromospheres in late type, 
plus some U and B stars would generate 1 600 x 
106 bit per day. Depending on the number of such 
activities to be accomplished by the orbital facility, 
the total data rate in bits per day could of cour e, 
be considerably higher. In the case of direct trans
mis ion, data requirements for both coarse survey 
activitie and for detailed object observations were 
considered. The facility-to-ground observation data
rate requirements as a function of bit rate and the 
data quantitie are depicted in Figure 13. The figure 
shows that the Corpus Christi and Cape Kennedy 
ground tations can accommodate some survey 
observations at the standard 51.2-kbits/sec rate. 
However, five stations would be required for more 
comprehensive survey observation u ing this rate, 
and object-oriented observations cannot be handled , 
even assuming a data compaction ratio of 10: 1. The 
maximum real-time rate that can be u ed with exist
ing equipment on the Manned Space Flight Network 

Figure 13. Observation Data Rate Requirements 

is 200 kbits/sec. Since station performance data , 
navigation information, and data collected from 
other experiments will also be transmitted, I-Mbit/ 
sec downlink data rate i considered necessary for 
the orbital facility. 

The alternative to direct transmission would be to 
make greater use of film techniques including on
board storage and later retrieval. In this case, a 
potential problem is the sensitivity of film to the 
space radiation environment. Exposure of photo
graphic emulsions to radiation can produce varying 
effects, depending upon the type and energy level 
of the radiation as well as the characteristics of the 
film. The most serious effect of radiation expos 
is an increase in film background density. The sen 
tivity of film density, i.e. , the fog level, to radiatio 
exposure is presented in Figure 14 for several repre
sentative astronomical films. In general, the higher 
the sensitivity of the film is to light, the more sus
ceptible it is to radiation fogging. To estimate space
craft shielding weights and determine mission sensi
tivity to orbital parameters, a maximum fog density 
of 0.2 was selected. The shield thickness required 
for the nominal mi sion (120 days between re
supply, 200-nmi altitude, and 500 inclination) was 
determined by comparing the dose tolerance criteria 
of the film with the dose rate data of the environ
ment. Table 2 pre ents aluminum and water-shield 
thickness required to protect representative astro
nomical films and a film suitable for solar work. 
These computations were based on flux rates corre-
ponding to the solar minimum period. For the 

solar maximum period, it was determined that the 
orbit altitude could be increased to 260 nmi to 
maintain the same shield thickness. Note that the 
103-0 film or its equivalent is extremely difficu It to 
protect for a period of 120 days because of the 

�0.0,----,.-----,------, 

~ 

~ S().l75 
~ I .O I-----'--r-T7'~r-_t_-r--___j 

I 

! 
;;: 

0.11 ~ --'--'--'-""'--'::IO---'--'--'~IOO::--~~~I.OOO 

RADIATION OPOSURE (RAD) 

Figure 14. Film Sensitivity to Radiation 
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Table 2 Film Shielding Requirements 
(120-Day Mission, 200 nmi and 500 Inclination) 

Shield Thickness 

Dose (gm/cm2) 

Tolerance 
Film Type (rad) Aluminum H2O 

103-0 1.5 66 54 

SWR (improved) 2.7 49 40 

SC-5 4.1 37 30 

SWR 8.5 18 14 

SO-375 (sol ad 44.0 5 4 

estimated I .S-rad do e tolerance. A possible solution 
to the overall film radiation problem is the storage 
of the film at low or cryogenic temperature. A 
reduction of the storage temperature by 1000e 
c.ould reduce the sensitivity of the film by as much 
as 75% (Reference 7). This suggests a possible space 
" Ice Box" u ing radiators or active cooling-systems 
to reduce torage film temperatures. 

Because the torage volume on-board the module 
will be mailer than that of the space station and 
becau e the storage periods are significantly differ
ent there is an optimum distribution of shield 
weights between the two spacecraft. Because 
approximately J 0,000 lb of water will be carried 
on-board the pace station for ecological purposes, a 
feasible approach to shielding would be to utilize 
the on-board water to provide protection for the 
film. 

It would appear that film-storage and protection for 
those instruments and sensors using film techniques 
can best be met when the instruments are integrated 
into the parent space station. 

Mode Selection-Figure IS summarizes the criteria 
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Figure 15. Operations Mode Comparison (Optical Telescopas) 

which were investigated in attempting to evaluate the 
potential of integrated, semi-detached, and detached 
modes of operation for the optical instruments. Each 
mode carries certain advantages and penalties. As 
discussed above, the potential problem of environment 
contamination favors detached module operati~n. The 
potential need to store data on film to avoid satu
rating the data transmission capabilities, favors 
integrated operation (in view of the potential for 
better shielding provisions using ecological water). 
Dynamic isolation of instruments can be achieved in 
any operational mode but may be easier to accom
plish in a detached module. Detached and semi
detached modes obviously offer advantages in 
improved schedule flexibility (equipment does not 
need to be launched with a space station) and 
reduced impact on station operations when several 
different observation programs must be accom
plished simultaneously. Although no one factor 
could be determined which would make one mode 
of operation mandatory, examination of the factors 
considered to be most critical by the study team 
(i.e. , environment contamination, dynamic isolation, 
data management , maintainability/ reliability , multi
purpose mission impact, and schedule flexibility) 
suggested that a detached module concept for 
housing optical instruments offered considerable 
potential and should be explored in further depth. 

Besides the specific considerations related to optical 
telescopes, it might also be noted that the detached 
module concept provides considerable flexibility to 
the more general mission plan of the multipurpose 
orbital facility for many of the same reasons. By 
accommodating different equipment development 
and launch schedules and being able to simul
taneously respond to many different observational 
requirements, multiple instrument modules can be 
used to efficiently meet the needs of other scientific 
disciplines as well as those of astronomy. 

INSTRUMENT INTEGRATION 

The generic classes of instruments proposed for each 
of the eight orbital facilities is shown in Figure 16, 
together with various operations modes and launch 
alternatives. The observation programs and their 
associated instruments generally evolve from simpler 
surveyor gross data-collection tasks to detailed 
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observations of faint, mall ources req ulflng larger 
apertures or more sensitive detector . The demand 
on orbital-facility re ources corre pondingly evolve 
to more precise pointing, greater data-handling capa
bility, stricter thermal control, Ie optical environ
ment contamination, and specialized orbit for 
long-term uninterrupted viewing of cele tial object . 
This growth is reflected in the distribution of in tru
ments among the orbital facilitie . 

The synchronous missions (No. I , 6, and 7) are uti
lized in this plan only for radio a tronomy becau e 
of the unique requirements of radio ob ervation . A 
Saturn V-launched Apollo CSM-clas vehicle deliver 
a Crossed-H Antenna (Reference 8) or a Kilometer 
Wave Orbiting Telescope (KWOT) to orbit (Reference 
9). If man is present, crew duties might involve radio 
telescope 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 mi ion in an 
unmanned mode. Determination of the optimal 
degree of involvement of the crew in these synchro
nous missions was beyond the scope of the current 
study. 

The low-altitude, low-inclination mission (No.2, 3, 
4, and 8) support evolving groups of instrument in 
other regions of the electromagnetic spectrum, from 
gamma-ray detectors through IR telescopes. It i 
anticipated that other instruments besides the 3-m 
telescope (Reference 10) will probably orbit with 
the national multipurpose facility (No.8). The 
design of other instruments for use in this time 
period, however, must wait for the results of the 
earlier astronomy programs. 

The polar mission (No.5) is to be placed in a sun
synchronous orbit (980 ) and offers a unique oppor
tunity for continuous viewing to an array of 
advanced solar instruments. The Gas Cerenkov 
Counter is planned for polar orbit to allow observa
tion of cosmic-ray electrons down to 0.1 GeV. 

CONCEPTUAL DESIGN 

The conceptual-design phase of the study concen
trated on the accommodation of instruments asso-
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ciated with EOSS mi ion of the intermediate time 
period. Four repre entative in trument housing con
cept were developed: 

I. The three high-energy radiation counters to 
be illtegrated into the fir t EOSS. 

2. A detached module for a I-m diffraction
limited UV-visible-IR strllar tele cope (the 
advance Princeton tele cope) to be orbited 
with the econd EOSS. 

3. A detached module for a I-m IR stellar tele
cope al 0 orbited with the econd EOSS. 

4. A detached module for the four solar in tru-
ment to be orbited with the first EOSS. 

Each de ign concept wa evolved within the frame
work of the total OASF sy tern which includes the 
ho t pacecraft launch sy terns logistics systems, 
and upporting ground facilitie . Effort was focu ed 
on the in truments, their housing (modules) and 
their upporting sub ystems so that demands on 
critical re ource could be determined. Particularly 
en itive are the following areas: 

I. Mi ion compatibility (orbit altitude, inclina
tion timing). 

2. Station operation (orientation, attitude hold, 
effluent control crew time and data storage 
and handling). 

3. Logistics capability (not a problem for 
astronomy alone, but potentially troublesome 
with multipurpose missions demands). 

4. Ground facilities capability (experiment man-
agement and data handling). 

Figure 17 illustrates one of the EOSS-class of 
orbital facility concepts developed during the study. 
The instruments utilized with the modules and 
parent space station can be identified by relating 
the instrument number to Table 1. The I-m stellar 
telescope and the 0.3-m Schmidt are integrated into 
separate 120-in.-diam detached modules and the 
four solar instruments are integrated into a 154-in.
diam detached module. 

As previously described, the high-energy detectors 
have fairly gross attitude-hold requirements (on the 
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INSTRUMENT NO. 46. DETACHED MODULE NO. 2 
1.0 .. NOHDIFFRACTION LIMITED UY·YIS-IR 
NORMAL INCIDENCE TELESCOPE; STELLAR 

INSTRUMENT NO. 33, 
DETACHED MODULE NO. I , 
0.3 M SCHMIDT UV TELESCOPE 

INSTRUMENTS NO. 44. 04. II AND 31. DETACHED 
MODULE NO.3. SOLA" OtISERVATIOH O"OUP 

.10 ° LOGI8TlC " UlML Y 

E088 - UNMANNED LAUNCH 
2 STAGE SATURN Y LAUNCH 

INSTRUMENT NO. 20.0.7 K. y TO 20 K.y 
PROPORTIONAL COUNTER AR RAY 

Figure 17. Orbl .. 1 Fec:lllty No.2 
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order of 10 ) and do not appear to be sensitive to 
the pace tation effluent cloud; therefore, they are 
good candidates for integration into the space sta
tion. Each detector is towed in the interstage area, 
as shown in Figure 17 during launch. After orbit is 
achieved, and the space station olar panels 
deployed, boom arm swing the detectors out. 
Two-axis gimbals with torque motor control pro
vide pointing capability independent of space sta
tion orientation. 

Direct per onnel acce via astronaut EVA i 
required to replace failed component. The detec
tors are generally fairly reliable system with little 
maintenance or repair anticipated. However, since 
they do utilize star trackers or television/guide tele
scopes to monitor their field of view, and the scintil
lation counters utilize photomultiplier, more frequent 
access to these devices may be required. 

The detached module for the I-m diffraction-limited 
UV-vi ible-IR tellar tele cope (Figure 18) i typical 
of aU the elected a tronomy module and ha been 
designed to facilitate the u e of man for alignment, 
checkout , maintenance repair, and modification or 
replacement of equipment. It is anticipated that 
crewmen will only inhabit the module when they 

. are docked to the space station becau e a clearly 
defined need did not exi t for man in the module 
during the actual operation of the optical tele
copes. 

The pressure shell is divided into the equipment ec
tion (manned compartment when docked to EOSS) 
in trument (sensor) section, and collector (optics) 
section. Hatches provide acces between compart
ment . A maintenance and test con ole, which al 0 

mounts aU the telescope-associated electronics that 
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Figure 18. Typical 1·Meter Stellar Telescope Module 

can be separated from the sen or mounting platen, 
is located in the equipment ection. Guidance and 
control, communication, and data-management elec
tronics are housed in eparate bays of the same con
so Ie . All electronic component are cold-plate 
mounted and the radiator is an integral part of the 
external shroud. This ection also houses the control 
moment gyro (CMG's). Umbilical panels are located 
in the tunnel for use of EOSS power and environ
mental control and life support sy tern while docked. 

The portion of the module from the forward dome 
of the equipment ection aft, i tandard for all the 
120-in.-diam astronomy modules because most of 
the pacecraft provision in thi area of the module 
sati fy common requir ment . 

A single length of waffled cylinder is used for the 
pressure hell forward of the equipment ection. 
Thi cylinder i compartmented into eparately pres
surizable section by the tele cope upport cone and 
the in trument mounting platen. The platen section 
out ide the mirror diameter contain the precision 
pad for mounting the en or equipment. Radial 
mounting of this equipment wa elected to facili
tate ease of acce to any item. The outer ection of 
the platen al 0 contains the mounting provision for 
six magnetic pushers of a magnetic u pen ion 
ystem. 

During operation away from the pace station an 
average power level of 350 W i provided by an 
oriented solar-cell/battery ystem using two 15- x 
3.3-ft rollout array and nickel cadmium batt erie . 

Attitude control is provided by CMG's which are 
periodically desaturated by magnetic torquer or 
reaction jets. The fine attitude ensor is provided by 
the in trument itself. Separate tar trackers on the 
detached module are u ed during the acquisition 
phase to determine gros fields of view. 

The propul ion/reaction control system (P/RCS) ha 
four modules of six bipropellant thrusters (MMH 
and N20 4). The system is sized for 120 days with
out resupply, to match projected logistic flight 
freq uencies. 

MISSION CONSTRAINTS 

As discus ed in Volume IV (DAC-58144), the 



synchronous orbit is most desirable for general 
observations of the celestial sphere. From synchro
nou orbit , any portion of the celestial sphere can 
be continuously viewed for periods of at least 24 
hours. In lower altitudes, a 980 orbit provides con
tinuou viewing for most of the ecliptic plane, rela
tively small portions of the galactic plane, and short 
viewing periods for both the center of the Galaxy 
and the galactic poles. A 500 orbit provides limited 
continuous-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 all of the celestial sphere 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 0.9860 jday to achieve a 
sun synchronous orbit. Deviations from this ideal 
would reduce the time for continuous viewing. For 
example at 200 nmi, the optimal orbit would be 980 . 

In this orbit , however, only about 21 0 days would be 
available for continuous viewing, assuming a 100-km 
critical atmosphere height ; this reduces to less than 
30 days of continuous viewing in a 200-nmi orbit at 
inclinations of 900. Longer periods of continuous 
viewing would be possible in higher-altitude orbits 
(above 500 nmi). 

Against the ideal orbital-operation requirements for 
astronomy , the considerations of launch vehicle per
formance and the competing demands anticipated 
on manned space facilities must be weighed . For 
multimission space stations, especially those dealing 
with Earth-centered observations, high-inclination 
orbits in the region of 500 or greater appear to 
offer significant advantages. To place these factors 
in perspective for space astronomy , celestial object 
visibility requirements, orbit-inclination payload 
limitations, and radiation effects on film and high
energy detectors were examined for the various can
didate orbits. 

Orbit-inclination payload limitations are imposed by 
range-safety constraints and launch-site latitudes. 
Maximum payload capability (due-east launch) is a 
function of orbit inclination for low-altitude (below 
500 nmi) Earth orbits. ETR range-safety constraints 
require that the launch azimuth be between 440 

and 1100. Thus, for in-plane launches, orbit inclina
tions must lie between 28.70 (minimum inclination 
set by the latitude of the launch site) and 520 

(maximum inclination achievable at the 440 launch 
azimuth). Higher (or lower) orbit inclinations may 
be obtained through in-orbit plane changes and dog
legging during boost. 

One method of achieving a polar orbit from ETR is 
doglegging over Cuba and Panama. Payload achiev
able by this mode is plotted as a function of in
clination over the region of interest (900 to 1000) 
in Figure 19. This mode consists of launching at an 
azimuth of 1450 and, after first-stage separation, 
doglegging west. Polar orbits can be achieved with 
little problem if launch facilities are available at 
WTR. Range safety at WTR limits the launch 
azimuth to the range between 1700 and 3010. 
Allowable orbit inclinations for in-plane launches 
can, therefore, vary from 81 0 posigrade, to 340 
retrograde. The payload capability to the 980 orbit 
using an in-plane launch, is reduced by only 23% 
from that of the due east launch. 

In low-inclination, low-altitude circular orbits, the 
primary radiation hazard to film is from energetic 
protons above 40 MeV . The sensitivity of this radia
tion environment to the inclination of an orbiting 
spacecraft is illustrated for orbit altitudes of 200 
and 300 nmi (Reference 11) (Figure 20). As shown, 
the accumulated dose is relatively insensiti'/e to the 
incHnation of the orbit in the range of 500 to 900 

inclination. In this inclination and altitude range, 
the dose will be accrued when the spacecraft passes 
through the South Atlantic anomaly, where the 
magnetic field is weak and particle fluxes corre
spondingly high. At inclinations below 250, the 

°0 JO 40 50 60 100 
ORIIT INCLINATtOfiI (D£G) 

Figure 19. Payload Degradation 
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Figure 20. Sensitivity of Trapped Radiation to Orbit Inclination 
(I ntegratad Proton Dose) 

orbit will no longer pass through the anomaly, and 
proton dose rates will decrease quite rapidly with 
decreasing inclination. To limit potential film 
damage it appears that orbital inclinations below 
250 or above 500 would be preferred. 

I A further orbital consideration is the functioning of 
the high-energy radiation counters, which are 
designed to resolve X-ray and gamma-ray sources. 
These instruments will be adversely affected by the 
large charged particle fluxes of the space environ
ment. With a nominal orbit of 200-nmi altitude and 
an inclination of 500 , the primary constituents of 
the environment of concern are the geomagnetically 
trapped protons and electrons. These particles, when 
impinging upon the counters or surrounding shield
ing, either creat e an inherent noise in the instru
ment, thereby reducing a signal detection, or, shut 
off the instrument via anticoincidence detection. 

To evaluate the potential problem of operating in 
the nominal orbit, the trapped radiation environ
ment was examined to determine what (raction 
(averaged) of the nominal orbit would pass through 
the high flux regions, Of primary concern was the 
South Atlantic anomaly where the fluxes reach large 
values at low altitudes. 

With the assumption that the X-ray and gamma-ray 
detectors would be inoperative at a flux density of 
100 particles/em 2 sec, or more, the time of potential 
instrument utilization was determined. As shown in 
Figure 2 1, the nominal orbit would require shut
down of the instrument on the average of 30% of 
the time, thus leaving approximately 70% of the 
orbit for potential instrument operation. Lowering 
of the orbit inclination would maximize instrument 
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utilization time to approximately 85%. 

Within the 70% average orbit period, the high
energy radiation detectors remain susceptible to the 
reduced trapped-particle flux and the related anti
coincident shutdown is important in determining 
overall instrument performance. Three high-energy 
radiation instruments considered for Orbital Astron
omy Facility No. 2 (see Figure 17) are identified in 
Table 3, along with the corresponding operating 
energy range and critical condition for anticoinci
dence shutdown. Also identified in this ta ble are a 
summary of electron flux data and the correspond
ing instrument dead time of the 70% orbit period. 
Of the three instruments, the proportional counter 
was determined to be most critical with a shutoff 
period of less than 2% and I % from the electron 
and proton flux , respectively. 

From considerations of celestial object visibility, 
launch-vehicle performance, film irradiation, and 
high-energy detector protection from radiation, it is 
concluded that a nominal inclination in the region of 
400 to 500 would be acceptable for general astronomy- ' 
oriented missions. 

EVOLUTIONARY PLAN DEVELOPMENT 

Elements that were developed as part of the evolu
tionary plan included the following: 

I . An implementation schedule which displays 
the calendar-time-dependent. relationships of 
critical Supporting Research and Technology 
(SR&T) activities to the four, phases of 
Phased Project Planning for the orbital 
facilities. 
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Table 3 Mission No.2 - High-Energy Radiation Counters Observation Time (70% of Orbit) 

Critical 
View Angle 

Energy Range Counter Name (Steradians) 

0.7 keV- Proportional 10-3 

20 keV 

300 keV- Scintillation 27T 
1 MeV 

1 MeV- Scintillation 27T 
5MeV 

2. Development plans for the astronomy
peculiar major hardware elements (instr
uments and detached module) with critical 
predece sor relationships delineated. 

3. An astronomy-oriented supporting research 
and technology program for instrument, 
detached modules, and space stations !ime
phased with the implementation plan and 
showing the interactions among various tech
nologies. 

4. An analysis of the impact of the proposed 
manned orbital astronomy program on pres
ent and planned NASA ground facilities, with 
emphasis on launch and mission control facil
ities. 

5. Proposed operational concepts to relieve the 
projected burden on present mission and 
experiment management facilities. 

6. Engineering estima tes of total program cost, 
accumulated on the basis of Phase Project 
Planning (PPP) techniques. Costs are allocated 
to program breakdown structure elements 
and are time-phased with the implementation 
schedule. 

The overall schedule for a manned orbital astron-
.omy program is summarized in Figure· 22. It 
includes schedules for SR&T and PPP phases relat
ing to both the intermediate (1974 to 1979) and 
late (1980 to 1990) time periods. For planning, it 
was assumed that Task C of the OASF Study satis
fied a Phase A output requirement , and the timing 
sequences assigned to the SR&T and PPP phases are 
predicated on this assumption. 

Resolution Electron 
Time 
(sec) Energy Flux 

10-4 
23 190 counts/ 
KeV sec over 900 cm2 

10-7 0.46 12,500 counts/ 
MeV sec over 230 cm2 

10-7 0.75 6,000 counts/ 
MeV sec over 180 cm2 
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Figure 22. OASF Program I mplement Schedule 

The development period is shown extending nearly 
to the end of flight operation because of continu
ing instrument evolution. The operations phase 
starts early in 1973 with the fabrication of hard
ware for the first orbital facility and terminates for 
the intermediate period in mid-1979. The late
period operation phase starts with the fourth orbital 
facility launch in mid-1981 and terminates in the 
mid-1990's with the end of the manned orbital tele
scope (MOT) 5-year mission. 

An example of the astronomy related program fund
ing that might be required for the intermediate time 
period is summarized in Figure 23. The time scale is 
indicated for illustrative purposes only. 

The funding distribution for system definition repre
sents a total expenditure of $26 million which 
includes Phase A ($0.45 million), Phase B ($8.8 mil
lion), and Phase C ($17 million). 

For the intermediate period, the distribution of 
. development funds would be visualized to extend 
over 7.5 years. Of the total, 90% would be spent by 
Ju~e 1974, the time of the first orbital facility 
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Figure 23. Project Funding 

launch. The remaining 10% is needed for develop
ment to update and modify the instruments and 
detached modules being utilized in orbit, together 
with O.F. 2 and 3. 

Because the Phase Band C activities related to the 
late time period can be expected to start in the 
mid-1 970's, the total program funding curves for 
the intermediate and late time periods will overlap 
in the 1974 to 1980 period. Altil0Ugh funding esti
mates for the later periods are more nebulous 
(because many of the operational requirements will 
be predicated on research results obtained during 
the earlier periods), comparable implementation 
schedules can be foreseen for the more advanced 
orbital facilities. This would suggest the requirement 
for a continuing level of funding comparable to that 
illustrated in Figure 23, throughout the 1974 to 

1990 time period. 

The development funding curve was prepared from 
the Manned Orbital Research Laboratory (MORL) 
and other NASA-derived space station cost data and 
correlated with Air Force Weapon System Planning 
and Cost (WSPAC) curves. 

Attention should be called to the fact that the 
present concept of mission control in support of 
the Apollo program allows only limited support 
of multiple or simultaneous space missions. The 
mission control capacity in the 1974 to 1990 
period may prove to be a limiting constraint , unless 
expanded capability is provided. Such expansion is 
not reflected in the funding curves of Figure 23. 
The present mission control complex at Houston is 
limited to simultaneous multiple-mission support for 
two missions with: (I) restricted capability because 
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instantaneous data circuit switching is not available; 
(2) a Mission Operation Control Room (MOCR) 
turnaround time of 14 days; (3) real-time computer 
power adequate for only two simultaneous Apollo 
class missions; and (4) control rooms adequate for 
only two simultaneous missions, with no time shar
ing of critical operations. 

To validate the program plans developed in this 
study, computer simulation of alternative missions* 
was used to check the sensitivity of each orbital 
facility concept to various research requirements 
and work loads and to estimate the operational 
costs associated with these missions. As an example 
of the analysis conducted , Figure 24 summarizes a 
case study for a l-m non-diffraction-limited UV
visible-I R stellar telescope operating in a . detached 
module. In this example, the observation tasks iden
tified for this instrument together with task times 
(number of observations required multiplied by the 
average time per observation) provided the input 
data . 

The results (day of completion) are shown for the 
case in which only one astronaut-<>bserver is utilized 
in the astronomy observation program. In this sam
ple case, the major restriction on observations 
resulted from not always having an astronaut
observer available on-board EOSS to select a field of 
view or to monitor the observations. 

In the table of Figure 24, the probability of module 
survival to the day of task completion is listed for 
each task. The reliability of the instrument , module, 
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Figure 24. Program Accomplishment Summary 

·Computer simulation facilities and programs were generously made 
available to the OASF Study team by the MORL Studies Office at 
NASA's Lanpey Research Center. 
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space tation, launch vehicle, logistics systems and 
the probability of successful module rendezvous 
with the pace tation were included in calculating 
the module-survival probability. 

Total recurring and nonrecurring co ts as ociated 
with the I-m non-diffraction-limited tellar telescope 
mod ule are plotted. Instrument and detached 

module backup flight hardware and launch ervices 
costs are included. In this example, total project 
co t at the end of the second year is $178 million. 

Based upon the analyses conducted, (similar to the 
example cited above) it was concluded that the 
evolutionary program plan summarized in Figures 
22 and 23 was a valid representation of a feasible 
working plan. 

SUPPORTING RESEARCH AND TECHNOLOGY 

The estima tion of development time and costs, as 
described above, was based , among other factors, 
upon a ystematic review of the upporting research 
and technology (SR&T) requirements for instru
ment and facilities as identified during the study. A 
summary of the SR&T requirements is pre ented in 
Volume V. The OASF requirements in general 
appear to be within the present technology or 
rea onably anticipated extensions thereof. However, 
tho e areas of SR&T where emphasis would be most 
advisable are identified in Volume V and are sum
marized below. 

Key research and technology items related to sensor 
development were found to be: 

UV AND XUV IMAGING TUBES 

Image tubes with a spatial resolution of 100 to 200 
line pair /mm and ensitivity down to I A (the 
shortward limit of anticipated imaging systems) 
would be desirable. Because image tubes are two to 
five orders of magnitude more sensitive than photo
graphic film down to at least 2:000 A, it may be 
expected that they would be more sensitive than 
photographic film at any of the shorter wavelengths. 
Image tube development of these specifications, 
with appropriate instrument modification, could 
eliminate the need for photographic film in many 
instruments. 

Applicable instruments (see Table 1) are: 4, 5, 6, 7, 
13, 33, 34, 35, 44, 45, and 46 (normal-incidence 
optical telescopes) and 8, 9, 11, 19, and 39 (grazing
incidence optical telescopes). 

IR IMAGING DEVICE 

Present imaging equipment, such as film and vidi
cons, has negligible ensitivity at wavelengths long
ward of 1 J,L. Thi sensitivity vanishes comp letely at 
about 1.3J,L. IR imaging device of adequate resolu
tion for use with a I-m aperture IR telescope are 
required in the wavelength region from IJ,L to 
1,000J,L. 

The applicable instrument (see Table 1) is: 14 
(normal-incidence optical telescope). 

GRATING RULING TECHNIQUES 

For high-dispersion spectrography (0.02 to I A/mm) 
in the extreme ultraviolet (XUV) region, very high 
ruling frequency is required. The present technology 
of about 2,400 lines/mm will have to be extended 
to 3,400 lines/mm. 

Applicable instruments (see Table 1) are: 6,7,33, 
44, and 46 (normal-incidence optical telescopes). 

HIGH-RESOLUTION FILM 

Although the current film capabilities of 40 to 70 
line pairs/mm are adequate for the larger ground
based telescopes film with a resolution of 200 line 
pairs/mm would be required for the angular resolu
tions achievable in space and would enable a 60% 
increase in distance penetration to remote stars. 

Applicable instruments (see Table I) are: 13 , 34, 
35, and 46 (normal-incidence optical telescopes). 
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FILM HANDLING 

Research is needed to: develop techniques to over
come electrostatic charge buildup and fog-producing 
spark discharge on roll film in hard vacuum; develop 
flexible film substrata of higher dimensional stabil
ity than are now available; and develop criteria for 
film-transport mechanisms suitable for roll film in 
har,d vacuum to avoid emulsion cracking and flak
ing. 

AppJica ble instruments (see Table I) are: 4, 5, 6, 7, 
13 , 33, 35 , 36, 37 , 44 , 45, and 46 (normal
incidence optical telescopes) and 8 , 9, 11, 19, and 
39 (grazing-incidence optical telescopes). 

PROTECTION OF FILM FROM RADIATION 
DAMAGE 

To select films for specific observations and to 
match these films to optical equipment perform
ance, the degree of fogging from radiation must be 
predicta ble. Analysis of film radiation damage is 
required to include the testing of a large spectrum 
of films with all particle species (protons, electrons, 
alphas, etc.) and energy ranges anticipated in the 
natural space environment. 

Film-sensitivity-control techniques must be investi
gated , including cryogenic storage, to protect film 
against radiation damage. 

Applicable to O.F. 2, 3,4, 5, and 8. 

THERMAL CONTROL OF IR DETECTORS 

IR telescope design calls for the cooling of IR 
detectors to temperatures more than an order of 
magnitude lower than that of the basic telescope 
environment, which itself is about 770 K. Tech
niques for mounting the detector unit (at 1.50 K to 
40 K) to the structure of the basic telescope (at 
770 K) by a high-thermal-impedance interface are 
required. Development of a small, reliable cryogenic 
refrigerator and of a small cryogenic pump is 
req uired. Development is required of suitable 
plumbing for liquid helium, with particular emphasis 
on swivel and flexible joints, so as to isolate from 
the telescope any vibration in the cryogenic pump 
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or other equipment. Storage techniques for liquid 
helium for up to 120 days are required. 

The applicable instrument (see Table I) is: 14 
(normal-incidence optical telescope). 

XUV FILTER TECHNOLOGY 

Development is required in XUV filter technology 
to provide structurally sturdy transmission filters of 
about a 100 A bandpass in the region from 170 A 
longward. Such techniques as the use of metal 
mesh, organic substrates, and temporary structural 
protection until a high-vacuum, zero-gravity environ
ment is attained, must be investigated. 

Applicable instruments (see Table I) are : 4, 5, 6, 
and 7 (normal-incidence optical telescopes), and 8 
and 9 (grazing-incidence optical telescopes). 

IR FILTERS 

The atmosphere is opaque to wavelengths between 
25J.L and I,OOOJ.L, making this region attractive for 
useful IR observations that can be carried out only 
from orbit. To perform even low-resolution spec
troscopy in this region , filters are required. Both 
wideband (1- to 2 -octave) and narrowband 
(tlX/X~ 1 %) filters for the range longward of 50J.L 
should be developed . 

The applicable instrument (see Table I) is: 14 
(normal-incidence optical telescope). 

SCINTILLA TORS 

Investigation is required of: the practicability of 
lamina ted plastic scintilla'tors; the quantitative 
advantages of cooling photomultipliers and scintilla
tors; and the value of liquid and gaseous 
scintilla tors. 

Applicable instruments (see Table I) are: 22, 23, 
25, and 42 (high-energy radiation counters). 

Key research and technology items related to energy 
collectors were found to be: 

MIRROR STRUCTURES 

Angular resolutipns of 0.1 arc sec for I-m-diameter 
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mirrors and 0.04 arc sec for 3-m-diameter mirrors are 
desired in the UV and visible regions, e.g., - 5,000 A. 
Various candidate base materials have been iden
tified: aluminum, beryllium, glass-ceramics, and 
fu ed silica (fused quartz). Materials research is 
required to determine the physical and structural 
properties and characteristics of these materials. 

Applicable instruments (see Table 1) are: 13, 14, 
34, 35 , 44, 45, and 46 (normal-incidence optical 
telescopes) . 

DIFFRACTION-LIMITED MIRROR QUALITY 

Techniques for the manufacture of mirrors up to 
1.5-m in diameter, are needed. In the visible wave
length (- 5 ,000 A), RMS surface . smoothness as well 
as mirror configuration should be held to 1/50 of 
the wavelength, and pits and scratches of greater 
than one-wavelength dimension should be eliminated 
to avoid 10 es from scattering. 

Applicable instruments (see Table 1) are: 13, 34, 
35 , 44, and 46 (normal-incidence optical tele
scopes). 

,HIGH MIRROR REFLECTIVITY 

Various surface-finishing techniques, such as evapor
ation, substrata preparation, and cooling should be 
investigated to increase reflectance and precision of 
figure for normal-incidence and grazing-incidence 
reflectors in the UV and X-ray ranges. Present tech
nology in surface finishing can reduce maximum 
surface roughness to about 3 A in fused quartz. 
Metallic coatings are at best considerably rougher. 
Finishing techniques to attain a 1.25 A maximum 
surface roughness for grazing-incidence mirrors up 
to I m in diameter are desired. 

Applicable instruments (see Table 1) are: 4, 5, 6, 7, 
13, 33 , 34, 35 , 44, 45 , and 46 (normal-incidence 
optical telescopes), and II , 19, and 39 (grazing
incidence optical telescopes). 

ASPHERIC SCHMIDT CORRECTOR REFLEC
TORS 

To provide folding at other than 1800 and reflective 

correction for the Schmidt telescopes, an aspheric 
or elliptical symmetry is required. A 1-m mirror 
requires a figuring accuracy to about 500 A. This 
factor involves a significant technology difference 
over currently available systems. 

Applicable instruments (see Table 1) are: 6, 7, 13, 
and 33 (normal-incidence optical telescopes). 

XUV COATING REFLECTIVITY 

Present reflective coatings are capable of reflec
tivities near 20% to 25% for wavelengths between 
500 A and 900 ' A. Below 500 A, to about 150 A.. 
reflectivities of about 3% are attainable. From 1,000 A 
up, reflectivities starting at about 60% are being 
achieved. General improvements are desired . In the 
500 A to 900 A range, improvements of 10% or 
more would be significant. 

I Applicable instruments (see Table 1) are: 4, 5, and 
35 (normal-incidence optical telescopes). 

GRAZING INCIDENCE STUDIES 

Computerized ray tracing techniques applicable to 
families of reflector configurations, covering the 
entire (lata 150) range of grazing-incidence angles 
anticipated for X-ray and UV telescopes, are 
required. 

Applicable instruments (see Table 1) are : 8, 9, 11 , . 
19, and .39 (grazing-incidence optical telescopes). 

OPTICAL ALIGNMENT IN SPACE 

Techniques for evaluating the figure of primary 
mirrors, in their telescope mountings in space, to 
within 1/50 of a wavelength, and for evaluating the 
alignment between primary and secondary mirrors 
to within 5 to 10J,L , are required. 

Applicable instruments (see Table 1) are: 13, 14, 
34, 35 , 44, and 46 (normal-incidence optical tele
scopes) and 8,9,11, 19, and 39 (yazing-incidenGe , 
optical telescopes). 
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Key research and technology items related to space 
operations in general were found to be: 

EFFLUENTS 

As missions, particularly those using optics, become 
longer and more sophisticated, optical-surface con
tamination or contamination in the form of artifi
cial atmosphere, from material outgassing or space
station effluents, may present a serious problem. 
Analysis is required for: deposition on, and con
tamination of, optical surfaces by space-station 
effluents; effluent control through space-station 
design procedures; dispersion dynamics of effluent 
materials after they are released; and effects of 
effluent "clouds" on astronomical observing. 

Applicable to O.F. 2, 3,4, 5, and 8. 

INSTRUMENT ISOLA nON 

Investigation is required of telescope suspension 
systems capable of isolating spacecraft perturbation 
from the fine-guidance telescope. Large diffraction
limited astronomical telescopes will require a high 
degree of pointing accuracy and pointing stability. 
While the stability of an Apollo class spacecraft in 
which man is free to move about is ± 1 0, stability 
requirements for a I-m diffraction-limited orbital 
telescope may be as much as five orders of magni
tude more severe, or about 0.03 arc sec. 

Applicable to O.F. 2, 3, 4, 5, and 8. 

HUMAN PERFORMANCE 

Research and development is required to: investigate 
and determine man/machine interface for telescope 
assembly , instrument calibration, optical alignment, 
and operation; analyze relative capability and train-

ing requirements for astronomers and astronauts; 
develop astronomy-oriented astronaut task data for 
operations and data handling and analysis; develop 
techniques for erecting large structures in space; 
evaluate man's visual performance in space; and 
develop optimum data display and control arrange
ments. 

Applicable instruments (see Table 1) are: 30, 32, 
and 41 (radio telescopes) and all orbital facilities. 

RENDEZVOUS AND DOCKING AIDS 

Rendezvous and docking guidance devices are 
required that provide alignment, range, and range 
rate for distances under 50 ft. 

Applicable to O.F. 2, 3, 4, 5, and 8. 

DA TA HANDLING 

The large amount of data to be collected , stored, 
analy'zed , and transmitted to Earth is well beyond 
the capability of current equipment. 

Requirements exist for development of: data com
pression (not reduction) hardware suitable for use in 
orbit; broadband recording, adaptive data-processing 
systems, and scan conversion equipment for use in 
orbit; and photographic scanning equipment capable 
of operating rates an order of magnitude faster than 
presently available. It is also necessary to determine 
what data reduction, analysis, and interpretation 
should be conducted on-board the space stations 
and develop equipment compatible with space
station constraints. Consideration should be given to 
the use of a land-landing entry capsule for return of 
film records. 

Applicable to O.F. 2, 3, 4, 5, and 8. 

CONCLUSIONS 

During the OASF Study, a time-phased, baseline 
astronomy research program was established to 
identify the general classes of measurement and 
mISSIon requirements. From these requirements, 
groups of support instruments were developed 
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which have the inherent flexibility of responding to 
the changing needs of research scientists. 

Three time periods were used to categorize the 
evolving level of sophistication of manned space 
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operation, in general, and astronomical research, in 
particular. These periods were designated early 
(1968 to 1974), intermediate (1974 to 1979), and 
late (1980 to 1990). The early period reflected the 
short-d uration (30-day) Orbital Workshop-ATM 
mission capability. The intermediate time period 
reflected a more sophisticated 1- to 2-year space 
station. The late time period was predicated upon a 
six- to nine-man extended life (5-year) space station 
which could be anticipated as evolving into a 
national multipurpose facility in the late 1980's. 
These space facility concepts were treated as repre
senting classes of available technology, rather than 
as fixed configurations modified specifically for 
astronomy. 

The study concluded that the emphasis in the early 
time period should be primarily directed toward the 
development of operational capability with manned 
vehicles. Highest probability of significant scientific 
return could be realized if the OWS-A TM concept 
was directed toward obtaining a better under
standing of the role and primary contributions of 
man before large-scale commitments are made to 
the more sophisticated facilities of the intermediate 
and late time periods. This early facility would also 
provide a needed platform to provide answers to the 
many technology-oriented questions upon which 
future design will be predicated if its general mis
sion is oriented specifically toward exploratory 
manned space astronomy missions as in the ATM 
concept. Based upon early mission success, it can be 
anticipated that the first major long-term scientific 
facilities for astronomy would become available in 
the intermediate time period. 

During the study, the following specific conclusions 
were reached: 

• A total of 22 out of the 29 required instru
ments can be derived from current develop
ment activities. 

• Instruments can be effectively isolated from 
crew-motion disturbances. 

• Man will be primarily used for updating, 
main tenance, and repair. (Semiautomated 
data collection minimizes time demands on 
astronaut as an observer.) 

• Radiation effects are minimized and payload 
capability maximized for orbital inclinations 
of 400 to 500 . Significant contributions to 
astronomy can be made from facilities opera
ting in this region. 

• Modules for optical instruments can be de
signed for pressurized crew access. 

• Contamination effects are minimized by de
tached module operation. 

• Detached modules, if accessible for manned 
maintenance, appear most effective and offer 
the greatest operational flexibility for high
resolution optical astronomy. 

• Ground facilities for mission control and data 
management must be augmented to meet pro
jected loads. 

The major outputs of this effort have been (I) 
definition of OASF concepts, (2) an implementation 
schedule, (3) a supporting research and technology 
program, (4) development plans for all major equip
ment items (including orbital facilities) and master 
phasing charts, (5) a ground-facility impact analysis, 
and (6) engineering estimates of total system costs. 

It is intended that the data generated in this study 
will provide at least a portion of the information 
needed by NASA upon which to base those manage
ment decisions vital to long-range program planning 
in this area of research. 

* * * 
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