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PREFACE

This report is submitted 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 third of five and reports on the selection and
conceptual design of astronomy instruments for manned Earth
orbital missions (Task B). The other four volumes present a
technical summary (DAC-58141), detailed results of Task.s A
and C (DAC-58142 and DAC-58144), and a discussion of the
research and technology implications for orbital astronomy
(DAC-58145). |

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

o 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 research opportunities offered by manned space
flight are perhaps nowhere more evident than in astronomy and
astrophysics. The ability to overcome atr’nospheric.interference
is, in itself, a major br_eakthrosugh, and this, when coupled with
the astronaut's ability to select and process data and to calibrate,
modify, and repair instruments, will yield unpregederited and

invaluable insights into many fundamental questioné.

While the opporfunities'for imporfaht astronomical research from
a manned platform in Earth orbit are clear, significan: planning
questions remain for NASA., 'For_'example, the space station and
its scientific instrumentation and crew participation may be '

- greatly dependenf on the research program, What is their sensi-
tivity to research objectives? What are acceptable strategie-s in
reaching these objectives‘?' Considering the real-life constraints
of limited fiscal and intellectual resources, is :there a‘systematic

approach to pianning for the accbmpliéhment of these objectives?

In a sense, the ultimate objective of this study was to reduce the
uncertainty in'the planning of astronomical research and the

design of the space facilities which the research demands.

The specific purpose of this study was to identify and analyze .
elements of a long-range evoluti_ona,ry plan‘ for the 1974-t0-1990
time period that wili fulfill the needs of the écientific community
to as large an extent as possible, with flexibility for change as
new data about the universe étimulate nevs} objectives, and to

assess the requirements which such-a long-range:space astronomy



program would place on manned orbital facilities. The sequence
followed by the study team was as follows:
1. Deriving--with the aid of contributing members of the

scientific community--a set of significant astronomica
research objectives, '

2. Identifying those objec‘tives which are particularly
appropriate for a manned orbital observatory.

3. Translating those objectives into observation and
measurement requirements.

Deriving a set of conceptual instrument designs,

5. Deriving a series of orbital facilities which can accom-
modate these instruments and perform the desired
research, '

6. Formulating an evolutionary plan that is based 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 prograrhs of national séope require
considerable time for the development of necessary systems and
equipment., Long-range planning is therefore desirable because
it offers the promise that neces'sa.‘ry 1ong-tefrn fiscal commit-
ments can be made and that the systems and equipment required
will be ‘available by the time they are scheduled for use. Yet the
team recognized that in scientific disciplines, unexpected 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 these aspects, the study
team sought to develop an approach that would provide concepts
structured well enough for initial planning é.nd for the derivation
of instrument and space station designs but flexible enough to per-

mit change and individaul contributions and participation.

The result of the OASF Study, then, is a plan that is of sufficient
breadth to permit definition of (1) the effort required to realize

the projected objectives of astronomy, (2) the future performance



requirements for orbital facilities with reasonable expectation

that they will ;avc')idr obs"ole'scenc'e. in thefneér-térm, and (3) a

time-phased implementation plan, °

R

The final report of this studf'is c&ntained in...f_ive:volumes', of

..which this .document.is one. These.five volumes-are:

Volime I

Volume II

Volume III

Volume IV

The Orbital A‘stf()_nomy_Suppci?i'_'t :F‘é:éility Study
Final Report: Technical Summary

This volume compactly summarizes the material
contained in Volumes II through V.

OASF Study Final Report: Task A--Orbital
Astronomy Research Requirements

Part 1: The Baseline Astronomy Research
Program

This portion, in describing the baseline research
program used in Tasks B and C; discusses the
participation of scientific contributors, the syste-
matic derivation and evaluation of the program,
and the potential of space astronomy.

Part 2: A Methodology for Systematic Identifica-
tion of Candidate Space Astronomy
Observations

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

OASF Study Final Report: Task B--Instruments
for Orbital Astronomy

This volume describes a set of instruments--
radio telescopes, optical telescopes, and radia-
tion counters--for accomplishing 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 operation in orbit,

OASF Study Final Report: Task C--Orbital
Astronomy Support Facility Concepts

This volume discusses the evolution of manned
OASF concepts that accommodate and support
astronomy instruments and respond to demands
of the observation program, It contains a logical,



viii

Volume V

evolutionary plan for developing the instruments
and orbital facilities and for utilizing them in a
series of missions that will accomplish the base-
line research program,

OASF Study Final Report: Research and Technology
Implications for Orbital Astronomy '

This volume discusses the research and technology
requirements related to astronomy instruments
and orbital observatory facilities which appear to
warrant further effort.
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Section 1

INTRODUCTION AND SUMMARY

1.1 PURPOSE OF TASK B

The purpose of the Orbital Astronomy Support Facility (OASF') Study was to
identify and analyze the réquirements for manned orbital facilities that will
support orbital missions during the 1974 to 1990 time period, and to-develop
a series of mission conceg;ts that are responsive to astronomy research

objectives,

The major objective of Task B was to (1) select a set of instruments for
accomplishing the observation requirements derived in Task A, (2) estimate
their development requirements, including time, cost and supporting research
and technology, and (3) identify characteristics of the instruments that affect

their operation in orbit. This volume documents the activity of Task B.

Under subcontract fo Douglas Aifcraft Cofnpany, Task B was performed by
the Electro-Optics Division of the Kollsman Instrument Cdrporation, Syosset,
New York, Kollsman was as_sisté‘d by. Airborne Instrument Laboratories,
Deer Park, New York, and by Barnes Engineering Company, _Starrl-férd',

Connecticut.

1.2 SPECIFIC OBJECTIVES OF TASK B

A principal -guideline in the selection of astronor:ny' instruments was to satisfy
the observation requiréments to the greatesf'extent p"os‘sible.' Observation
requirements were documented in 91 _Obse;\}ation Requirément Data Sheets
(ORDS) during Task A. The ORDS cover the electromagnetic spe€ctrum from
radio frequencies (50 kHz) to gamma rays (100 GeV) and appear in full in

Volume II of this rei)ort. A typical ORDS is shown in Figure 1-1,

In addition to being responsive to the observation requirements of the
baseline research program, it was required that the selected instruments

(1) utilize when feasible known instrument concepts and designs, (2) be



OBSERVATION REQUIREMENT DATA SHEET NO. ORDS-002
COMPILATION DATE & Febauary 1967; revised 21 November 1967
L. OBSERVATION TITLE (Wideband ultraviolet photometry of stars

2 OBSERVATION TYPE (ENCIRCLE 1 OR MORE): IMAGERY POLARIMETRY RADIOMETRY
SPECTROSCOPY  OTHER

3. RADIATION (ENCIRCLE 1 OR MORE): COSMIC  VLE  MICROWAVE 1R VISIBLE COVD X-RAY GAMMA  GRAVITATIONAL

4. ASTRONOMICAL SOURCE(S) OR OBJECT(S) OBSERVED Stans, especiafly early type stars

5. SPECIFIC RESEARCH OBJECTIVE TVTLE _Stellan energy distribution; intersteflar extinction

8. RELATED OR CONCURRENT OBSERVATIONS _See item 53

1. RELATEO OR CONCURRENT THEORETICAL WORK Theony of steflarn atmospheres;stellan evolution;studies of 5’,.,c24,2222'au{;'

8. OBSERVATION PERIOD OR EPOCH SPAN 1970-1971 and beyond (based on instrument feasibility estimate).

MEASUREMENT REQUIREMENTS (INCLUDE UNITS)
DETECTOR (ITEMS 3-12)

9. TYPE See item 53 33 RECORDING MEOIUM Storage of binary bits
10.  SENSITIVE AREA 34.  RECORDING SCALE PER
1. SENSITIVE SOLID ANGLE o (ANGLE) : (LENGTH} .
12 WAVELENGTH FOR MAXIMUM RESPONSE A 35. SCALE ACCURACY + -
36. DATA RECOVERY MODE _Telemetry on netrieval of
WAVEL:‘;\:;TH (ENERGY) A UITEMS 1316) . magnetic tape K
13 SHORTA 37.  ONBDARD OATA PROCESSING See <fem 53
14, PRINCIPAL/CALIBRATION A _ 7200 to Z&00A
4000A
15 LONGA 3. GROUND DATA PROCESSING
16. RESOLUTION _~200A ATA __2000A
ENERGY OR PARTICLE FLUX AT 33.  TELEMETRY

COLLECTOR, STELLAR MAGNITUDE. ETC. ((TEMS 17.19)
12, MINIMUM (THRESHOLD)~] X 10-21 watt on-?A-1 at 2000A
18.  MAXIMUM (SATURATION) 5 % 10716 watt om-ZA-1 at 2000A

40.  TIME PER OBSERVATION 10-7 to 102 seconds

41 NUMBER OF OBSERVATIONS Up 2o 10,000
42.  FREQUENCY OF OBSERVATIONS See <tem 53

19, RESOLUTION & per cent AT 20004

.20 COUNTING RATE : 43.  SIDEREAL (REF) TIMING ACCURACY | 4econd
21 BTSPEREVENT See Ltem 53 4.  INSTRUMENT USAGE TIME 100 per cent pep 600 houtd
22 BITRATE See ttem 53 45,  NUMBER OF PHOTOGRAPHS, ETC.
23, TIMING RESOLUTION % 6. ORBITALINCLINATION See iter 49 N
PRIMARY COLLECTOR (ITEMS 24-27) 47.  PERIGEEALTITUDE 450 kilometens  , 100 kifoneters

23, TYPE _Optical telescope 48.  APOGEEALTITUDE _450 kifometers + 100 Eilonetens
25, APERTURE (DIAMETER) [ meten 43, OTHER ORBITAL Onbital inclination as Lo as pessible;
26. FOCAL LENGTH 5 to 15 metens . not cnitical o
21.  OTHER DATA _Instrumentation simpler 4§ § ratio 4 50.  POINTING ACCURACY (ACQUISITION) ¢ 0.5 arc minute

§/10 on afowen : 51.  GUIDANCESTABILITY $0.5 ane sec®  foR 120 seconds
28.  ANGULAR FIELD OF VIEW (DIAMETER) 2 atc ménutes *Pitch and yaw ~(TIME),

52 SCAN SIZE, RATE, INCREMENT, €TC. N.A.

29, IMAGESIZE N-A.
30. ANGULAR RESOLUTION 5 arc seconds ATA  2000A
31, DISPERSION ELEMENT Filters

32.  WAVELENGTH DISPERSION _N.A. ATA
(WLENGTH)

§3.  MISCELLANEQUS Item 6: Uftraviolet photometry of stars from ground observations, scunding rockets, and unwranned
satellites (0AQ); ultraviofel steflan spectioscopy. Required study areas fer suppoating ground based
photometric observations: {1) absolute enengy calibration techniques; (2) neflecting and transmitting ~
matenials fon UV; (3) filtens shontwards of 1800A; [4) study of effect of scattered sunlight and
eanthlight and of trapped nadiation befts; (5) radiofrequency interference problems.

Item 9:  Photomultipliens {CsSb and C81) with §ilters; possibly ion detectors.

Ttems 21, 22: Total number of bils o program on 2,000 stans is approximately 5 x 105 bits including status
data. .

Item 37: Anafog-digital converters, prescalens, fommatting electronics, 105 bit core memony o magnetic tape.

Ttem 42: 1In groups of 5, 2 minutes apart.

ORDS-002

Figure 1-1. Typical Observation Requirement Data Sheet (ORDS‘)




divided into two time periods, 'intermediate' (late 1970's) and ''late' (the
1980's), and (3) fit collectively within development funding limitations
anticipated by NASA.

Another important objective of Task B was to provide supporting data for
Task C on each selected instrument. Instrumen_’c characteristics, space-
station interface requirements, mass properties, power requirements,

data processing, and maintenance are examples of the type of information
required by Task C in order to include the instruments in the orbital facility
concepts, It was also desirable to select instrument characteristics that

tend to minimize mission and operational constraints,

Other objectives of Task B included estimating development schedules and
costs for each selected instrument; identifying critical areas of supporting
research and technology; and investiga.ting man's usefulness in assembljr,
alignment, calibration, operation, and maintenance of the instruments

in space.

1.3 TASK B INFORMATION SOURCES

Task B used three principal sources of information: (1) the 91 ORDS derived
in Task A, which represented the Baseline Astronomy Program, (2) informa-
tion on known astronomy instrument concepts and designs supplied by NASA,
and (3) consultation with the scientific community, an extension of the

consultation conducted in Task A.

The ORDS were used as the interface between Tasks A and B, since they
defined in specific terms a representative set of observation reqﬁirements
specified by the scientific community for the astronomy program. The
ORDS also contained recommendations on the basic characteristics of
relevant instrument designs, These data sheets provided the basis for new

conceptual designs and for modifications to .existing instrument designs.

Information was supplied by NASA on concepts and designs for instruments
already identified with such current items as (1) the Apollo telescope mount
(ATM), (2) the electromagnetic radiation (EMR) instru‘ment' package for
ATM, (3) the advanced Princeton satellite (APS), (4) the manned orbital



telescope (MOT), and (5) the Goddar experimental package (GEP). These
and other instruments and instrument concepts were used wherever possible,

"as is'"' or modified, to satisfy the observation requirements.

Consultations were held with members of the scientific community to review
instrument concepts under consideration. The consultants included many

of the astronomers who generated the ORDS in Task A and other astronomers
and physicists who are prominent in the development of some of the instru-

ment types involved (see Acknowledgements).

1.4 ASTRONOMY INSTRUMENT TERMINOLOGY

A self-consistent terminology for describing astronomy instruments was
adopted in Task B and is adhered to in this report. In this terminology,
which is explained in the following sections, an attempt was made to concur,
inasofar as possible, with current scientific and technical usage. However,
multiple uses of many terms in current usage inevitably made such an effort
imperfect in its results., Therefore, the terminology explained below should |

not be construed to suggest any general us:.ge outside of this study.

Astronomical observations involve electromagnetic radiation and cosmic-ray
fluxes. Both electromagnetic radiation and cosmic-ray particles have energy,
momentum, and wavelength., However, wave properties are apparent only

if the energy and momentum are sufficiently large to permit the detection of

.individual quanta.

‘'The terminology adopted in Task B refers to all observational apparatus as
"instruments'' and subdivides instruments into two categories, (1) telescopes,
for observations involving radiation whose wave properties predominate

and (2) counters, for which particle properties predominate. These two

categories are explained in the following sections.

1.4.1 Instruments

The term, 'instrument, " as used in this report, refers to the specific item(s)
of hardware that provide a complete capability for making some type of

astronomical observation. '"'Complete capability'' refers to the fact that an



observation can sometimes be divided into separate functions such as (1) col-
lecting the incident radiation and (2) dispersing, filtering, magnifying, and

measuring this radiation (among other tasks) to extract information.

1.4.1.1 Telescopes

As utilized in this study, the term, "tevlescope, ' refers to any instrument
concerned with the detection of Ifluxe~s where wavelength is detectable and
the design of the instrument is strongly influenced by that branch of physical
sciences called ''wave mechanics.'" The region over which telescopes (as
defined here) may be employed extends longward from a wavelength of about
1 A; thus, it embraces X-ray, UV, visible, IR, microwave, and radio
radiation. In general, electromagnetic radiation in any of thése regions can

be reflected, refracted, diffracted, and polarized.

It is generally convenient to subdivide telescopes into two categories
according to their method of collection, for example, electrical methods for

microwave and radio, .and optical methods for X-ray, UV, visible, and IR.

1.4.1,2 Counters

Counters, unlike telescopes, do not cause any meaningful deviation in the
path of the intercepted radiation. They employ various means of idenﬁfying
(for example, counting) radiation pulses (photons or particles) coming from
a specified direction and falling in a specified range of energy; and they
reject (for counting purposes) those coming from other directions or falling

outside the specified range of energy.

(The term, ''counters,'' provides an example of the multiple use of a term

in various circumstances. Besides the use of this word as a basic category
of instrument, as explained here, it is sometimes used to denote a component
of an optical instrument. Thus, a small counting device, such as a Geiger
counter or a proportional counter, may be used as the sensing element of an

optical telescope by placing it in the path of the focused radiation. )

Counters are generally applicable in the X-ray and gamma-ray regions of

the specgrum. In terms of wavelength, their region of applicability may be

|
¥



identified as less than 20 jok However, it is common practice to express
points in this region in terms of the energy associated with the photons
(discrete pulses) of electromagnetic radiation. The relationship, estab-
lished by Planck's constant, is such that the energy is inversely proportional
to the wavelength, the energy associated with a photon whose waveléhgth is
1A being approximately 12.4 keV. The region of applicability of counter.
type instruments, which starts at about 0. 6 keV and embraces all higher
energies (shorter wavelengths), is referred to in this report as the region

of high-energy radiation.

1.4.2 Telescope Components {Collectors and Instrumentation Devices
or Sections)

A telescope may generally be considered as a combination of two basic
componets: (1) a collector which intercepts and focuses the electromagnetic
radiation of interest and (2) an instrumentation device, into which the focused
energy is directed, and whose function is to sense, analyze, record or
otherwise process this energy to extract information. Instrumentation
devices may include detectors, image recorders, spectrometers, filters,
polarimeters, magnetometers, or other special purpose items. Since a
single collector may be fitted with more than one instrumentation device,

the complement of instrumentation devices associated with a given collector

is referred to as the "instrumentation section. "

Generally speaking, the
collector is identified with the 'front-end' of the telescope, and the instru-
mentation devices, or section, are identified with the '"back-end' of the

telescope.

In the case of the high-energy radiation counters, because of the increased
difficulty in focusing or concentrating energy as the energy level increases,
the "front-end'' and ''back-end'' terminology associated with optical telescopes
loses its significance. Each basic function of an optical telescope has its
counterpart in a high-energy radiation counter: a collimator corresponds,
insofar as possible, to the optical (reflective) elements; shielding (possibly
augmented by active elements such as photomultiplier tubes) corresponds to
the telescope tube; and a detector suitable for the energy levels involved
corresponds to any of the types of instrumentation devices mentioned in the

preceding paragraph. Nevertheless, the requirements of the design are



usually such that these elements are intimately associated with each other,
both physically and functionally, and moreover are usually designed as an

integrated whole. Therefore, the physical distinction between ''front-ends"
and "back-ends' generally becomes indistinct and the single term "'counter"

is usually used to refer to the entire instrument.

1.5 TASK B PROCEDURE

The flow of Task B events is shown in Figure 1-2. Starting with the observa-
tion requirements from Task A, an analysis and sorting of the observation
requirements and recommended instrument parameters was carrled out,

The sorted instrument parameters were then expressed in generic instru-
ment concepts arranged in time-phased.groups. These concepts were
reviewed with consultants and revised to take advantage of the information
gained, The generic concepts were then compared with known instrument
concepts and designs, and known designs were substituted for generic con-
cepts wherever feasible, The output of this process was a set of selected
instruments in time-phased groups that could satisfy the requirements of

the baseline astronomy program. These instrurhents in'clude‘ (1) existing
concepts and designs suitably modified to satisfy observation requirements
aseoeiafed with the baseline astronorﬁy program .and>(2) new conceptual
instrument des.igné which fill the voids in cases where no suitable instruments
were Rnown. Supporting data were developed for each of the selected instru-
ments and provided as a major input to Task C. The supporting data include
the pertinent physical characteristics and space station subsystem require-
ments of each instrument, estimates of development schedules and costs,
assessments of the utilization of man in the operation of the instruments, and

identification of required supporting research and technology.

1.6 SUMMARY OF ASTRONOMY INSTRUMENTS AND THEIR:
REQUIREMENTS

A summary of the instrument classes developed during Task B appears in

Figure 1-3, which is arranged to show the time -phased groups and the

groupings according to instrument category. Within the optical telescdpe

category, further subdivision is made into the categories of normal incidence
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(33)  0.3:M UV SCHMIDT (13} 1-M UV SCHMIDT
NORMAL
INCIDENCE
{36) 1-TO 6SOLAR-RADI CORONAGRAPH
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GRAZING (39) 0.25-M IMAGING X-RAY SOLAR USE
INCIDENCE [ {14) 0.225M SPECTROGRAPHIC X-RAY (19) - 1M X-RAY STELLAR USE
(20} 0.7-keV TO 20.keV PROPORTIONAL COUNTER {25) 10-KeV TO 20-MeV SOLIDSTATE COUNTER
RADIATION
(22) 10-keV TO 300-keV SCINTILLATION COUNTER
COUNTERS (23} 300-keV TO 1-MeV SCINTILLATION COUNTER 127 3gecégghfxmov§:\gumsn
(42) 1-MeV TO 5-MeV SCINTILLATION COUNTER
(43) 25MeV TO 1-GeV DIGITIZED SPARK CHAMBER

Figure 1-3. OASF Time-Phased Instrument Groups




and grazing incidence to emphasize the significant area of new technology
represented by grazing-incidence optical instruments. A natural growth in
most cases from the intermediate to the late time p«:-lriod is also in evidence,
For example, most of the normal-incidence stellsr instruments show a

significant growth in aperture.

In the case of radio astronomy in the interms=zdiate time period, alternative
instrument concepts are shown for a single application. One concept, the
crossed-H tethered interferometer (Instrument No. 32)’ was well—céordinated
with the scientific community in the course of an earlier advance mission
study (Reference 1-1); therefore, it constitutes the basic recommendation.
However, the other concept, the terminated-loop tethered interferometer
(Instrument No. 30), was generated in Task B in response to the specific
requirements of Task A and, consequently, is somewhat better-suited to the
requirements of the OASF Study, although the cap.aBilities' of the two instru-
ments overlap considerably. Because the a.nalysis in this study did not
identify any decisive advantage for either type of instrument in terms of
cost, development time, or technical feasibility, bith instruments are

included here for future consideration.

The details on how the instruments were selected, descriptions for each of
the instruments . and asSociated-in'vstrurnentation sections, as well as the
supporting dé.ta, occupy the remainder of this volume, ‘Section 2, as indicated
in Figure 1-2, describes the rationale for the.e_stabliéhment of genefic
instrument classifications and the specific selections made after consultation
with the scientific contributors. Section 3 provides a detailed description.

" of each instrument on an instrument-by-instrument basis. The general
characteristics, the criteria to which they were designed, specific charac-
teristics required for space station integration analysis in Task C, the
utilization of man, and an engineering drawing of the conceptual design are
presented for each instrument, Brief identification of the supporting research

and technology requirements are also given in Section 3,

Section 4 is devoted solely to supporting research and technology require-
ments and includes the summary relationships of each requirement to the

various instruments, the predecessor-successor relationships of the
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various requirements to each other, and the program requirements in terms

of cost and time for accomplishment of the supporting research and tech-

nologir items.

From the analysis conducted during this phase of the study, the following

conclusions can be offered relevant to the overall astronomy program:

A feasible approach to providing the instruments for a manned
orbital astronomy program has been demonstrated. The
development costs of these instruments, in terms of both single
instruments and the entire group, are within realistic budget
levels.

Current activities devoted to the development of astronomical
instruments in this country can provide the starting point for
22 of the 29 instruments selected in Task B. These activities
range from initial hardware development to flight testing of
initial designs.

Present technology (or reasonable extensions thereof) can
provide enough of the required instruments to assure program
success, Several areas have been identified where realistic
technology advancements can give real benefits in astronomy
program effectiveness,

Man in orbit has a vital role in the setup, operation, and
maintenance of many of the instruments identified for the
astronomy program,

A comprehensive astronomy program can be initiated with the
instruments that can be available for l-year-mission space
stations (intermediate time period). Instruments available
for 5-year-mission space stations (late time period) can
provide a mature observational capability for the foreseeable
requirements of astronomy in orbit,

A more comprehensive exploitation of man's capability, through
providing design characteristics that achieve a more effective
man/machine interface, and a more effective interface between

the instruments and the orbital facilities, can be accomplished with
an iteration of Tasks B and C.



Section 2

INSTRUMENT SELECTION PROCEDURE

One of the principal objectives of Task B was to identify and describe a set
of conceptual instruments (as small in number as possible) capable of per-
forming the astronomical observations called for in the baseline astronomy
program, derived in Task A. Information describing these conceptual instru-
ments constituted the major inp}lt to Task C for use in the analysis of in-orbit
facilities to carry out the astronomy program. . The rationale for selecting

these instruments is described in this section.

2.1 INFORMATION FOR MAKING INSTRUMENT SELECTION

The selection of instruments was based primarily on the interpretation of the
observation requirements identified in the baseline astronomy program.
These requirements are embodied in the series of Observation Requirement
Data Sheets (ORDS) that were derived in Task A. The set of 91 ORDS appears
in full in Volume II of this report, and a typical ORDS has been shown in
Figure 1-1 of this volume. These ORDS provided definitive information on -
the observations required as a repreéentative portion of the astronomy
program. They also contained recommendations of instrument types to
accomplish the required observations, as well as recommendations of
specific design parameters for these instruments. Because the ORDS were
developed with the aid of leading members of the astronomyncorn'munity,
these instrument recommendations were given considerable weight in the

selection process described in this section.

Another major information source in the selection of instruments was the
knowledge of a number of ongoing NASA-sponsored activities directed
toward the development of astronomy!instruments for orbit. After the
types of instruments needed to accomplish the baseline astronomy program

were generically identified, instruments associated with these activities

11
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were compared with the set of generic instruments and, in cases where it
was deemed most practical, they were substituted for the generic types. In
some cases, minor modifications to these designs were required to satisfy

the observation requirements as fully as possible.

The third major information source in the selection of instruments was the
opportunity for consultation with many of the astronomers whose contributions
provided the basis for many of the ORDS in Task A, as well as with additional
scientists who are prominent in the development of some of the instrument
concepts involved. Preliminary conceptual layouts of many of the instru-
ments under consideration were discussed. These discussions made possible
the development of more pradtical design approaches and facilitated the inclu-
sion of many design criteria derived from the collective experience of these

consultants,

2.2 INSTRUMENT-ORIENTED CATEGORIZATION OF

OBSERVATION REQUIREMENTS
As a preparatory step in the analysis of the instrument data and parameters
developed from the baseline astronomy program, consideration was given to
the categorization of the observation requirements from the point of view of
instrument technology. The level of detail in categorization of the observa-
tion requirements that had been found advantageous in Task A is showﬁ in
Figure 2-1. This categorization distinguishes nine types of astronomical
objects and eight regions of electromagnetic radiation. However, for the
instrument selection, it was deemed preferable to distinguish fewer types
of astronomical objects and fewer regions of electromagnetic radiation. The

categories derived for instrument selection are explained below.

With regard to astronomical objects, the only categories considered signifi-
cant for instrument selection reflect a distinction between the sun and all
other celestial sources. This distinction derives from the fact that, near
the Earth, the sun is many' orders of magnitude more powerful, in terms of
observed radiant-energy flux, than any other celestial source. Thus, except
in cases where very high resolution is required, instruments observing the

sun generally do not require the large collecting apertures of stellar-oriented
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instruments. Indeed, in some cases they have to be designed to reject a
considerable amount of excess energy in such a way as to avoid thermal
distortions and even damage to the instrument. For all other celestial
sources, observational instruments are generally designed with the objective
of extracting as much information as possible from a very faint (observed)
source of radiated energy. Therefore, the astronomical object classifications
were reduced to merely solar and stellar, with planetary objects included

in the stellar category.

With regard to radiation, the number of categories was also amenable to
considerable reduction in numbers for purposes of instrument selection.
From the instrument point of view, three basic categories appeared logical,

corresponding to three regimes of handling of the radiated energy.

In the cosmic-ray, gamma-ray, and X?ray regimes, the instruments gen-
erally available do not meaningfully deflect the radiation from its original
path. These devices, as explained in Section 1. 4. 1, are called "'counters"
in this report, are designed to discriminate among various radiation pulses
(photons or particles) with regard to direction of approach and energy level.
Those falling within certain limits of direction of approach and energy level

are ''counted, " and the others are rejected.

In another broad region of the spectrum, embracing UV, visible, and IR
radiation, as well as some overlap in the X-ray region, a different process
of handling the incoming radiation provides a distinct identity. In this

region, radiation coming from some specified direction can be redirected in
an organized, meaningful manner (i.e., focused, whether by normal-
incidence or grazing-incidence techniques) and then directed into some device
that senses, detects, images, disperses, or otherwise processes the focused

beam of radiated energy to extract information.

The third region convenient for instrument-oriented categorization is the
very-low-frequency radio region (generally referred to here simply as the
radio region). From the instrument point of view, this region may be
described as one in which the wavelengths are no longer small with respect

to the devices for collecting the radiated energy. Focusing is relatively



imprecise; however, the use of long-baseline interferometry can provide

useful angular measurements.

The result of the foregoing considerations of the categories appropriate to
astronomy observation instrument selection was to reduce the 9 x 8 matrix
shown in Figure 2-1 to a 3 x 2 matrix, comprising radio, UV-visible-IR,
and high-energy radiation regimes and stellar and solar astronomical

objects.

2.3 IDENTIFICATION OF GENERIC INSTRUMENT TYPES

Generlc instrument types were identified by analysis of the bas1c observation
spemﬁcatlons in the ORDS. An example of this procedure is illustrated in
Figure 2-2. This figure shows the relationship of wavelength to the requ1red
angular resolution for the ORDS that fall in both the optical instrument cate-
gory and the stellar astronomlcal object category Each vertical line indi-
cates the wavelength range and the angular resolution called for in one of

the ORDS; the dot on each line indicates the wavelengths at which the angular

resolution was specified.
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By examining the commonalities, or groupings, of the observation require-
ments plotted in Figure 2-2 with respect to the diffraction limitations inher-
ent in optical telescope performance (slopping lines) and in light of the
observations available from ground -ba.sed observatories (shaded areas), it
was possible to identify general classes of instruments that would provide

the specified observation capabilities.

The regions defined by Ellipses 1 and 2 identify observations at angular
resolutions comparable to angular resolutions that can be achieved from
ground-based observations but are extended into the UV wavelength region,
in which radiation cannot pass through the atmosphere to reach ground-based
telescopes. Region 1, with angular resolution in the neighborhood of 5 to

10 arc sec, deals with sky surveys in the UV region; while Region 2, with
angular resolution in the neighborhool of 1 arc sec, deals with specific
observations (spectroscopy, imagery, et cetera) of point sources, again in

the UV region.

Regions 3 and 4 embrace both visible and UV wavelengths, because they
relate to angular resolutions superior to any that can be achieved in ground-
based observations (the latter are limited by random refraction of the
incoming radiation by the atmosphere). The regions (ellipses) here must
necessarily be aligned in a direction more or less parallel to the sloping
lines, because these lines indicate the combinations of wavelength and angular
resolution to which any telescope (as determined by its aperture) is inherently
limited by diffraction effects. The ORDS in Region 3 tend to suggest a
l1-m-aperture diffraction-limited telescope, and those in Region 4, a 2.5~

or 3-m diffraction-limited telescope.

It is important to note that the sparsity of ORDS plotted in these regions
reflects the fact that the set of observation requirements generated in Task A
is merely representative of a complete program of astronomy. A more
nearly complete set of observation requirements than those that could be
derived within the scope of Task A would provide a more ampie population

in Regions 3 and 4 than that evidenced in Figure 2-2,



Analysis of this type was the first step in a selection process that eventually

led to the establishment of the following types of instruments:

1. A wide-angle (Schmidt-type) telescope for sky survey work in the
UV region similar to sky surveys that have been made in the visible
region with ground-based Schmidt telescopes (0. 3-m UV Schmidt.
telescope; OASF Instrument No. 33). This type of instrument can
be upgraded with an advanced version in the late time period to per-
form some of the more advanced sky-survey observation require-
ments (1-m UV Schmidt telescope; OASF Instrument No. 13).

2. A telescope of large aperture but with less than the highest quality
optics (i.e., non-diffraction-limited) to provide an adequate '
capability for a significant amount of spectrographic observation in
the UV region. Some useful UV imaging can also be done with such
a telescope (1-m non-diffraction-limited UV-visible-IR telescope;
OASF Instrument No. 45). "

3. A large-aperture telescope with high-quality optics (i.e., _
diffraction-limited) to extend ground-based observations that have
already been made in the visible region down to much finer angular
resolution. This instrument also provides a capability for observa-
tions of fine angular resolution in the UV region (1-m diffraction-
limited UV -visible -IR telescope; OASF Instrument No. 34).

4, A very-large-aperture diffraction-limited telescope to extend the
angular resolution and light-collecting capabilities of both visible
and UV observations even further than the preceding instrument,
This would extend the limits of the most distant stellar objects

" that could be detected. This instrument is a generation later than
the 1-m diffraction-limited telescope (3-m diffraction-limited
UV -visible-IR telescope; OASF Instrument No. 35),

2.4 INSTRUMENT SELECTION

Table 2-2 shows the grouping of the ORDS for instrument selection, Each
group, which is identified alphabetically to facilitate further discussion, is
é.ss"o‘ciat‘.ed’w‘i'th» a g’ivén general nature qf o}giservation, as noted. The ORDS
belongiﬁg to each gfoup are indicated, and the most important elements of

the commonalities affecting possible instrument design parameters for each
group. are displayed.as '"ORD-Suggested Values of Key Selection Parameters. "
The entri”e.s in thiS'gaitegory represent a composite of the entries in the cor-
responding group of'ORDS, and génerally reflecfc the most stringent require-
ments set forth in the ORDS, Because it was not pos sible to meet all of the
most stringent requirements in the derivation of instrument concepts, these

ORDS-suggested values of key selection parameters should be regarded as

17




Table 2-1 (page 1 of 3)

OBSERVATION REQUIREMENT COMMONALITIES AND INSTRUMENT SELECTION

ORDS-Suggested Values of Key Selection Parameters**

Instrument(s) Selected

Observation Effective Wavelength
Group (for Requirement Focal Angular Field Wavelength (or
Identification General Nature of Data Sheets (ORDS) | Aperture Length Resolu- of (or Energy Energy) OASF
in Text) Observations* Cited (m) {(m) tion View Level) Resolution No. Type Derived From
A Imaging, spectroscopy, 004, 005, 006, 105, --- --- 1° --- 6 km (max.) 5% 32 Crossed-H tethered Large Space Structures
and polarimetry of stellar 106 interferometer Exp Study (Reference 1-1)
and solar radio sources 30 Terminated-loop (new)
tethered
! interferometer
; 40 Filled aperture Kilometer Wave Orbiting
' radio telescope Telescope (References 2-1
- and 2-2)
B Spectroscopy of stellar 029, 063, 072, 073, --- .- --- --- 200 p (max.) +1% 14 Cooled Cassegrainian (new)
sources in 1R 074, 075, 076, 077, (energy telescope :
078 ' flux)
C Spectroscopy and imaging 002, 027, 028, 030, 1.0 5to 15 1 arc sec --- --- --- 45 Cassegrainian Goddard Experiment
of stellar sources in UV 031, 032, 033, 034, telescope Package (GEP)
037, 113
D Imaging and spectroscopy 020, 021, 022, 035, 1.0 30 0.1 arc sec --- --- --- 34 Cassegrainian Advanced Princeton
of stellar sources in visi- 036, 040 (diff-lim telescope Satellite (Reference 2-3)
ble and UV @4, 000 A) .
E Imaging and spectroscopy (a) 018, 023, 024, 2.5 (a) 50 0.05 arc sec  --- --- --- 35 Cassegrainian Manned Orbital Telescope
of remote, faint stellar 039 (b) 30 (diff-lim telescope (Reference 2-4)
sources (b) 026, 038 @5, 000 A) . o
F Sky survey in UV 101, 107, 171 .- S 1 arc sec 8° 1,000 A (min.) .- 33 . All-reflective Nthwstn U. Schmidt
: o (Reference 2-5)
0.5 arc sec 5 13 (new)

Schmidt telescopes

*Planetary objects included in genzral stellar category

*%Final selections differed in some respects
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e ofs

‘ORDS-Suggested Values of Key Selection Parameters*x*

Instrument(s) Selected

Observation Effective : Wavelength
Group (for Requirement Focal Angular Field Wavelength . (or
Identification General Nature of Data Sheets (ORDS) | Aperture Length Resolu- - of (or Energy ~ Energy OASF
in Text) Observations* Cited ' (m) tion View Level) ‘Resolution No. Type Derived From
N . - - I

G Photography of outer solar 062 --= 45 arc-sec 15° --- f R 36 Externally occulted ATM Exp S052

‘corona - SR ' | coronagraphs (Reference 2-6)
; 37 ATM Exp S052
E (Reference 2-6)

H Imaging and spectroscopy - | 050, 064, 069 40" 0.1 arc sec  --- --- --- 44 Gregorian optics ATM Solar Telescope
of solar features in UV - (diff-lim telescope (JPL) (Reference 2-7)
visible -near ~-IR @4, 000 A) ) '

. 053, 057,. 066, 067, 75 0.1 arc sec 46 Gregorian optics ATM Solar Telescope
- 069, 079, 080 (diff-lim° (TRL) (Reference 2-7)
@6, 000 A)
| |

J Spectroscopy of solar 042, 058 _ R 1 arc sec --- 300 A (min. 0.5 A 04 Herschelian (off- ATM Exp S055

features in extreme UV 043, 044, 051, 060 . ) axis) telescopes’ (Reference 2-8)
(XUvV) 0.5 arc sec 700 A (typ) 0.25 A 05 ATM Exp S055
(Reference 2-8)

K Spectroheliography of solar 052 --- --- --- 170 A (min. 2 A 06 Spectroheliograph ATM Exp S053
features in XUV .. 070 . ! o : telescopes (Reference 2-9)

| 304 & (min. {o. 5 A 07 » ATM Exp S053
[ (Reference 2-9)'

L - High-resolution spectros- 054, 055 _ --- --- --- 170 A (min. 0.5 A 08 Type II grazing- (new)
copy of solar features in 056, 059, 061 o | o incidence telescopes ,

XUv . 170 A (min. 0.01 A 09 (new) .

M Imaging of solar flares in 065 --- 1l arc sec 1/2° 2 to 10 A l --- 39 Type I grazing- ATM Exp S056
X-ray region (range) | incidence telescope = (Reference 2-10)

' > .»IA . .
N Spectroscopy of solar 045, 068 --- --- --- 1 A (min.) 11 Single-reflection (new)

flares in X-ray region

grazing-incidence
telescope

*Planetary objects included in general stellar category

*%Final selections differed in some respects
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Table 2-1 (page 2 of 3)

R

oy -

ORDS-Suggested Values of Key Selection Parameters*%* I Instrument(s) Selected
'Observation Effective o Wavelength ]
Group (for Requirement : Focal Angular Field Wavelength (or ‘
Identification General Nature of Data Sheets (ORDS) | Aperture . Length Resolu- of - (or Energy. Energy) OASF
in Text) Observations* Cited (m) (m) tion View Level) Resolution No. Type Derived From

P . Imaging and spectroscopy . 081, 082, 083, 084 500 cm2 -—-- 0.1 arc sec 2° 1to24 A 1% 19 Type I grazing- Large Space Structures
of stellar sources in X-ray collecting 3 (range) ‘ incidence telescope Exp Study (Reference 2-11)
region area

Q Sky survey and spectros - 085, 090, 095, 096, --- - 0.1° 3° 0.7 to 20 keV  10% 20 Proportional EMR Exp No. 9
copy of stellar sources 097, 100 (range) SN counter array (Reference 2-12)
in X-ray region

R Sky survey and spectros - 049, 086, 089 --- -—-- 3° 6° 10 to 300 10% 22;  Scintillation EMR Exp No. 3

: copy of stellar sources MeV : counter (Reference 2-12)
in X-ray region (range)

S Spectroscopy and photom - 046, 102 --- --- 3° 6° 0.3 to 20 5% 23 Scintillation EMR Exp No. 5
etry of stellar and solar MeV 42 counters (Reference 2-12)
sources in gamma-ray (range) ‘ '
region - : :

T Spectroscopy and photom- 098, 099, 103, 104 --- --- 3° 6° 10 keV to 1 keV 25/ Solid -state counter EMR Exp No., 7
etry of stellar sources in 20 MeV (Reference 2-12)
X-ray and gamma-ray (range)
region

U Sky survey and spectros- 048, 093 --- --- 0.5° 30° 20 MeV to 50% 43 Digitized spark 'EMR Exp No. 8
copy of stellar sources 1 GeV chamber (Reference 2-12)
gamma-ray regions (range) ) '

v .~ Spectroscopy, flux, and 087, 091 500 crn2 < m-- .- 1 step 100 MeV to 10% 27! Gas Cerenkov (new)
position/electron ratio collecting radian 100 GeV counter
of cosmic-ray electrons area (range)

*Planetary objects included in general stellar category
*%Final selections differed in some respects




design objectives that were worked for but not always achieved. The full
descriptions of the instruments that were eventually'r selected constitute the
main bulk of this volume and appear in Section 3. For purposes of Table 2-1,
the final selections are merely summarized in terms of (1) the instrument
type and (2) the ongoing instrument devélopment activity from which the

selected instrument was derived.

2.4.1 Key Selection Parameters

In Table 2-1, the numerous blanks in the tabulation of "ORDS-Suggested
Values of Key Selection Parameters'' reflect the fact that different instru-
ment parameters assume primary significance as different types of astronomy
are considered. An example of this type of distinction may be seen in com-

paring imagery and spectroscopy.

For ima.gery, ang.ular resolution is of principal importance, because it
defines the amount of detail that can be transmitted in the focused o'ptical
beam, Linked to this consideration is the technology limitation that exists
with regard to the fineness of image resolution that can be captu‘r‘ed‘ on a
recording medium (photographic emulsion or electronic imaging de\'rice). If
the fineness of the detail in the focused optical beam exceeds the fineness
capabilities of the recording medium, then the full capability of the optics
will not be realized unless the image is magnified, i.e., spread out, to
match the resolution minimum of the récording medium.. Image size is
proportional to the effective focal length of the optical system, so that a

long effective focal length is usually important for imaging. The aperturé

of the optical collector may be considered next in 1mportance because for
faint astronomical sources, the spreading out of the image reduces the
intensity of the radiation that impinges on the recording medium (photographic
emulsion chiefly considered here) and the ab1l1ty to record the image may

be lost if some threshold value is not reached. A larger aperture, of course,
increases .the radiation intensity on the recordmg med1um to compensate

for this.

A spectroscoplc 1nstrument on the other hand, may be primarily influenced

by other cr1ter1a Espemally in the case of stellar sources, spectroscopic
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observations of precise spectral resolution depend upon the gathering of as
much energy as possible, so that an optical system that provides an
unobscured aperture is in some cases very important. Furthermore, it is
desirable to keep the collected energy in as narrow a beam as possible to
permit the use of spectroscopic elements (e. g., diffraction gratings) that
are small. In order to do this, a small image size, achieved through short

effective focal length, is an important consideration.

2.4.2 Instrument Selection Example

The selection of the 3-m diffraction limited UV-visible-IR stellar telescope
(OASF Instrument No. 35) is explained below as an example of the process
that was followed throughout the instrument selection phase of Task B. This
case exhibits the typical pattern, including the following:

1. Consideration of the specific values of the key selection parameters,

followed by preliminary conceptual layout of an instrument to
satisfy these parameters.

2. Discussion of the preliminary conceptual layout with scientific
contributors, and revision of conceptual design concepts, if
appropriate, in accordance with the advice of these consultants.

3. Consideration of known current instrument development activities
that may provide a start toward the conceptual instrument design.

Group E in Table 2-1 contains the ORDS for which a large visible-wavelength
telescope is indicated. On the basis of both energy collection and angular
resolution requirements, a 2. 5-m aperture is recommended. Angular
resolution is specified as 0. 05 arc-sec in conjunction with the requirements
in many of the ORDS (Subgroup a) for imaging. To achieve this angular
resolution with this aperture at the wavelengths of the visible region, selec-

tion of a diffraction-limited (i.e., optics of highest quality) collector is

- implied. The requirement for a large scale factor (i.e., large image size)

for imaging prompted recommendations for an effective focal length of about
50 m, Two of the ORDS (Subgroup b) indicate a requirement for spectroscopy
and recommended effective focal lengths in the neighborhood of 30 m, since

a small image is advantageous for spectroscopy by keeping the light in a
relatively narrow, compact beam. Therefore, dual secondary mirrors were
initially considered, as indicated by Options a and b corresponding to

Subgroups a and b.



The type of optical systém considered for this instrument and for several

others is the classical Cassegrainian telescope (Figure 2-3). This arrange-

ment is frequently most advantageous beéause it provides a combination of
satisfactory features, including (1) a short telescope tube for rigidity, as

| determined by the focal length of the primary mirror; (2) capability for a long

effective focal length (EFL), even with a short primary focal length, by virtue

of the magnification provided by the secondary mirror, (3) low obscuration

of the primary collector area, by virtue of the small secondary mirror;-

(4) convenient in-line arrangement of the instrumentation section in the main

tube- behind the primary mirror;‘and (5) availability of well-established

techniques for 'figuring (sh.api.ng)~ the reflective surfaces, since both the pri-

mary and the secondary mirror are axisymmetrical,

Among other questions, that of using dual secondary mirrors, was discussed
with the scientific contributors, and it appea.red from their discussion that’
the problems of alignment and calibration in remote mechanical switching
from one secondary mirror to another would very possibly defeat the purpose
of the line imaging capabilities sought by the longer focal length (50-m)
optical system. In addition, it was learned that the high-resolution limits of

the field of view would be compromised by the dual-secondary design, as

TUBE \

SUPPORTS! L p—
_\ g I'_'INSTRU-' |
: MENTA-
; TION |
- ) . SECTION
PRIME o .— """ | -
FOCUS -~ > |
| ~~—INSTRUMENT
FOCUS
—— - I N . :
SECONDARY = ~ — ~~—PRIMARY
MIRROR I MIRROR

Figure 2-3. Cassegrainian Telescope
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compared with a design providing a single secondary and in which the figuring
of the primary and secondary reflectors were specifically matched to each
other (Reference 2-13). (This type of matched figuring for the primary and
secondary reflectors of a Cassegrainian optical system so as to maintain
high quality angular resolution over the entire field of view is known as
Ritchey-Chretien optics.) For these reasons, the consideration of dual
secondary mirrors was dropped in favor of a single secondary providing

an effective focal length at some compromise value between 30 m and 50 m,

In comparing this generic type of instrument (2. 5-m aperture, 30- to 50-m
effective focal length, diffraction-limited, Cassegrainian optics telescope)
to known instrument concepts, it was apparent that the progress in the
design of a 3-m optical telescope, the manned orbital telescope (MOT)
(Reference 2-4), offered an opportunity to associate this requirement with
a current development activity., In further corroboration of this choice,

a small number of ORDS in Group A called for an angular resolution that
would require a 3-m aperture. This instrument design concept also offered
an effective focal length of 45 m, a suitable compromise between 30 m and
50 m. Therefore, the MOT concept was adopted as the basis for the OASF

instrument for satisfying the requirements of this group of ORDS.

2.4.3 Individual Instrument Selections

The salient points in the selection of the remaining instruments are dis-
cussed below in the order in which the respective groups are listed in
Table 2-2,

2.4.3.1 Radio Telescopes

Group A shows that the important parameters in selecting radio astronomy
telescopes are the wavelength and the angular resolution. To achieve
angular resolution of 1° with wavélengths up to 6 km, antennas of tremendous
size would be required. Therefore, interferometers (pairs of antennas
separated by several kilometers) were considered (Instruments No. 32 and
30). A filled-aperture type of kilometer-wave telescope was also considered

(Instrument No. 40).



2.4.3.2 Normal-Incidence Telescopes for Stellar Use

In Group B, the IR felescope (Instrument No.- 14), because of the relatively
long wavelengths in which it operates, is concerned principally with the
problem of '""noise' generated within the telescope itself because of its
temperature, The telescope must be cooled below the temperature at which
it would emit significant radiation in the wavelength region it is attempting
to observe. The desired temperature (in this case about 70° to SOOK) is
determined by the maximum >wave1ength, which governs the design accord-
ingly. The principal feature of the design therefore is the cooling provision
rather than the optics. The optics are relatively straightforward; because
at the long wavelengths, even diffraction-limited optics do not represent an
angular resolution that is difficult to achieve within the present technology.
(The absence of requirements for imaging in the IR region apparently reflects
the absence from the present technology of any image-recording media for

these long wavelengths. )

Groups C, D, and E represent increasing capability in optical collectors in
the UV-visibleﬂnealr-IR region. The trend of the key parameters shows
increasing focal length and decreasing angular resolution, both of which
contribute to the achievement of finer imaging capabilities. As a secondary
consideration, increasing aperture is also a key parameter added to meet
the diffraction requirements and the light-gathering requirements for the

fine imaging. (Instruments No. 45, 34, and 35, respectively.).

The requirement for sky surveys in the UV region are considered in Group F.
The key parameters affecting the design of the telescopes are field of view
(which relates to the time required to photograph the entire sky), and angular
resolution, which establishes the quality (limiting magnitude) of the survey.
Consideration was also given to ﬁhe focal length of the primary reflector, as
this-parameter influenced the Iight'bloékage on thé primary collector that is
caused by the imaging device (camera) as constrained by the wide field of
view. The problem of energy collection is also alluded to by the notation of
the 1, 000 A minimum Wavelength, at which normal incidence reflectivity

drops off considerably. This consideration determined the all-reflective
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design of the optical system, since at this wavelength almost no light is
transmitted through any optical medium (e.g., glass). Schmidt telescopes
were selected because of their well established capability to cover a wide

field of view. (Instruments No. 33 and 13.)

2.4.3.3 Normal Incidence Telescopes for Solar Use

The considerable potential for astronomical observations of the sun is enor-
mous because (1) it is the strongest observed astronomical source and (2) it
is close enough for its individual features to be studied. The progressive
instrument design steps that must be taken to realize this potential are shown
in Groups G, H, J, K, L, M, and N. (Groups L, M, and N will be described

in the next section, which covers grazing incidence telescopes, )

Starting with the region around the sun in which observable solar phenomena
occur (the solar corona), Group G provides cameras (coronagraphs) for
photographing this region (Instruments No. 36 and 37). Occultation devices
(oﬁaque disks) are used to blank out the overpoweringly bright radiation from
the sun itself so that the coronal phenomena may be photographed. Similarly,
the coronal region itself is divided into (1) the brighter region-within about

6 solar radii of the sun and (2) the region from there out to about 30 solar
radii, Key instrument design paré.meters are the field of view, which is
determined by the size of a disk 30 solar radii in diameter as seen frorm the
Earth, and the angular resolution, which determines the quality of the photo-
graphy. The separation into two instruments provides several advantages:
(1) each of the two instruments is relatively small compared to one instru-
ment of unwieldy proportions, (2) the in;ler coronagraph, which requires a
much smaller field of view, provides higher resolution for a given image
size than the outer coronagraph, this being desirable because the features

in the inner coronagraph are much more interesting; and (3) the radiation
flux levels encountered in solar corona vary by six to eight orders of magni-
tude between the region of 1 solar radius and 30 solar radii and the require-
ment for recording media (film) with such a wide range of response is con-

siderably relaxed by splitting this region into two.



White light photography of the surface of the sun is considered in Group H.
The key parameter here is effective focal length, a large value of this param-
eter being necessary in order to get large images of the solar phenomena.
Fine angular resolution is also necessary in order to achieve high-quality
imaging. The apertures reflect the diffraction requirements to achieve high-
quality angular resolution. The telescopes selected (Instruments No. 44 and
46) are characterized by Gregorian optics rather than the more common
Cassegrainian optics, because this arrahgernent is more amenable to reject-
ing large amounts of extraneous solar radiation to minimize thermal

distortion problems in the telescope.

As shorter wavelength solar radiation is considered in the observation
requirements, the problems associated with decreasing normal-incidence
reflectivity in the extreme ultraviolet (XUV) region are evidenced in the
successive telescope designs resulting from Groups J, K. I, M. and N.
(Groups L, M, and N will be described in the next.section, which.covers
grazing incidence telescopes; however, they are a part of this general

trend.)

The off-axis telescope design, Group J, is utilizéd to minimize. obséui‘ation
of the o‘ptit.:a'.I path and to eliminate all reflections except the single focusing
reflection perfbrmed by the primary mirror. This design provides spectros-
copy with wavelength resolution to a fraction of 1 A down to wavelengths
between 300 and 700 A, using a normal-incidence spectrograph. (Instru-

ments No. 04 and 05.)

In order to coﬁduct spectroscopy at wavelengths down to about 170 Z\, slitless
spectrography must be combined with off-axis design in order to utilize the
light that would be intercepted by the slit. This is done in the spectro-
heliogfaphs of Group K, in which the diffraction grating is ruled direc_tly on
the primary reflector. These instruments (Instrument No. 06 and 07) extend

the range of spectroscopy down to 170 A.
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2.4.3.4 Grazing-Incidence Optical Telescopes

Solar observations in the XUV region (Group L) are extended to include finer
spectral resolution capabilities than could be achieved with any normal-
incidence device by the inclusion of grazing-incidence telescopes (Instru-
ments No. 08 and 09) for that purpose. The increased reflectivity of
grazing~-incidence optics at wavelengths around 170 A, as compared with
normal-incidence optics, permits the use of the slit in the spectrograph and,
consequently, provides clear separation of the various spectral lines, as
opposed to the overlapping images of the solar disk that characterize the

slitless spectroheliograph data.

Imaging and spectroscopy of solar phenomena in the X-ray region (about 1 to
40 A) are provided by instruments selected for Groups M and N. Although
not explicitly shown in Table 2-2, the ORDS in these groups call for simul-
taneous imaging and spectroscopy. To meet this requirement, two instru-
ments had to be provided, one for each of these functions, and the two
instruments had to be used simultaneously. For the imaging felescope
(Instrument No.. 39), angular resolution and field of view contribute to the
determination of the design characteristics. For the spectroscopic
telescope (Instruments No. 11) as well as for the imaging telescope, the
wavelength range, through its influence on the acceptable angles of grazing

influence, contributes to the determination of the design.

The observation requirements for imaging and spectroscopy of stellar sources
in the X-i'ay region are considered in Group P. Since the combination of
angular resolution and field of view do not appear to be attainable with the
technology anticipated for the time period of this study, the instrument
selected (Instrument No. 19)is limited essentially to as large a size as
appears feasible for the launch capabilities anticipated, Although the col-
lecting area suggested in the ORDS (500 cmz) can be achieved with this size
instrument, neither the 2° field of view nor the 0.1 arc-sec angular resolution
that were suggested could be confidently postulated within the time period

considered in this study.

2.4.3.5 High-Energy Radiation Counters

Groups Q, R, S, T, U, and V show the progression of types of detectors

through the various energy levels (equivalent to wavelengths) in the



high-energy radiation region. A proportional counter array (Instru-

ment No. 20) in the X-ray region up to about 20 keV (Group Q) is suitable
for sky surveys to identify discrete X-ray sources for further examination
by the stellar X-ray telescope described in Group P. At higher energy
levels (Groups R and S), scintillation counters of various design (Instru-
ments No. 22, 23, and 42) can provide sky surveys and spectroscopy,
although to energy (spectral) resolutions no better than 5 to 10%. The solid-
state counter (Instrument No. 25) can cover the same range to a more
precise energy resolution (Group T) as a follow-on to the scintillation

counters in a later time period.

The spark chamber (Instrument No. 43) extends the energy level that can be

observed up to 1 GeV (Group U); and the Cerenkov counter (Instrument No. 27)
provides observation to 100 GeV (Group V).

The considerations discussed above provided the selection of a set of instru-
ments that could satisfy the observation requirements of the baseline
astronomy program. These instruments were then analyzed at the conceptual
design level to provide descriptive information (observation capabilities;
physical characteristics; orbital support requirements such as electrical
péwer, stabilization, and data handling; development cost estimates, et
cetera) needed in Task C for analysis of orbital support facilities and for
development of an overall astronomy program plan. Detailed instrument
descriptions resulting from this conceptual design analysis are presented in

the next section.
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Section 3
ASTRONOMY INSTRUMENT DESCRIPTIONS

3.1 SUMMARY MATRIXES OF ASTRONOMY INSTRUMENTS

A series of summary matrixes has been prepared to provide a compact
overview of the entire set of instruments selected for the baseline astronomy
program, These matrixes highlight majo\r instrument categories, the dis-
tinction between the instrument '"front-ends' and back-ends, '"" and the distinc-

tion between designs for solar and stellar observations.

This baseline set of instruments is the final result of (1) an analysis of the
ORDS, (2) discussion with scientific contributors, and (3) utilization of

NASA-available instruments.

Figure 3-1 shows the radio telescopes. For this category of instrument,
antenna parameters are considered particularly important to the instrument
description, because they tend to establish the individual identify and charac-

teristics of the overall instrument,

Stellar and solar normal incidence optical telescopes are summarized in
Figures 3-2 and 3-3. The two matrixes are similar in that they each deal

with UV, visible and IR portions of the electromagnetic spectrum. The upper

portions of these matrixes tabulate the characteristics of the optical collectors.

Various spectrographs, cameras, interferometers, detectors, and other
instrumentation devices are presented in the lower portions of the figures,
which also show, Dby their matrix interrelationship, the association of the
collectors ('front-ends'') with the instrumentation devices (''back-ends''),

and the ORDS to which these combinations are appliéable. Grazing-incidence
optical telescopes for both solar and stellar applications are shown in a

similar fashion in Figure 3-4,

Figure 3-5 summarizes the high-energy radiation counters; the capabilities of

these instruments extend from 0.7 keV to 100 GeV.
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CROSSED—H TERMINATED—-LOOP KILOMETER WAVE
INSTRUMENT TETHERED TETHERED ORBITING
INTERFEROMETER INTERFEROMETER ~ TELESCOPE (KWOT)
(SECTION IN TEXT) {BOOK 1) (3.2.1) (3.2.2) (3.2.3)
OASF INSTRUMENT NO. 32 30 41

COLLECTOR CHARACTERISTICS

FREQUENCY RANGE

LOW: 0.5-2.5 MHz
MID: 2.5-5.0 MHz
HIGH: 5.0-10 MHz

0.05 MHz TO 15 MHz

0.1 MHz TO 10 MHz

TYPE OF POLARIZATION DIVERSE LINEAR NOT AVAILABLE
352 75°* ° o
E—PLANE BEAMWIDTH 1.7° - 1 1.7%%*
1.7° * o 0y
H—PLANE BEAMWIDTH 134.180° ** 90 19.9°*
IMPEDANCE RATIO 10 7 ] NOT AVAILABLE

DIMENSIONAL ADJUSTMENT
REQUIRED {N ORBIT

TETHER LENGTH

TETHER LENGTH

MINOR DIAGONAL

INSTRUMENTATION

DEVICES

(ADJUSTABLE) 458 M x 45.8 M x 45.8 M

ANTENNA DIMENSIONS 150M x 150 M x 30 M AND 10km x 10 km
' (MAX.) 18.1Mx 181 M ;

TETHER LENGTH 10 km (MAX.) 40 km ! N/A
LENGTH (LAUNCH CONFIGURATION) {m;ft) 3.3;10.8 2.4,7.9 3.1;10.2
VOLUME (LAUNCH CONFIGURATION)  {m3;t3) 10;353 0.75;26.4 1.5,53.5
WEIGHT (kg;tb) 1,900;4,200 1,450;3,200 640;1,410
TIME PERIOD INTERMEDIATE INTERMEDIATE ! LATE
ORDS TO WHICH APPLICABLE _ﬂocfégo;s,oods,, ?8;:?82’8 0083, ' ?gg:?ggsi,ooesL
zgtk;zf%UENQY'SWEEP NO YES YES
SWEPT FREQUENCY 50 kHz 50 kHz

RADIOMETRY RECEIVERS

.FREQUENCY RESOLUTION

FREQUENCY RESOLUTION

'NOT AVAILABLE

WIDE-BAND RADIOMETRY RECEIVERS

70 dB DYNAMIC RANGE

70 dB DYNAMIC RANGE

70dB DYNAMIC RANGE

* AS H~PLANE INTERFEROMETER
** AS E-PLANE INTERFEROMETER -

Figure 3-1

. Radio Telescopes
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1-METER 1-METER 1-METER IMETER 0.3METER
INSTRUMENT " INFRARED NON-DIFF-LIM OIFF-LIM DIFF-Lim ’ uv
: UV-VIS-IR UV-VIS-R UV-VISIR ! SCHMIDT SCHMIDT
ISECTION'IN TEXT)  (BOOK 1) (3.2.4) 13.2.5) {3.2.6) (3.2.13) ' (3.2.7) (3.2.14)
OASF INSTRUMENT NUMBER 14 45 34 35 ! a3 13
APERTURE {m) 1.0 1.0 1.017 3.04 ! 0.3 1.0
EFFECTIVE FOCAL LENGTH (m} 10.0 5.0 10.17 a5 0.91 4.0
| UNOBSCURED COLLECTING AREA (em?) 7,050 6,290 6,930 63,200 706 7,850
/2]
© |{ WAVELENGTH (MINIMUM) i) 07 1 < 900 900 900 1,000 1,000
=
@ [ WAVELENGTH (MAXIMUM) (A) 1,000 it > 12,000 6,000 12,000 > 2,000 5,000
W | ON-AXIS ANGULAR RESOLUTION IN FOV AT GIVEN WAVELENGTH {arc-sec at A) 1AT4 1 0.2 AT 4,000 0.1 AT 4,000 0.04 AT 5,000 . 0.25 AT 1,200 0.1 AT 4,000
< | FINE GUIDANCE RESOLUTION {arc sec) + 0.1 + 0.05° + 0.01 £0.005 : + 0.5 + 0.05
% | FIELD OF VIEW (FOV) {arc-min) 5 10 2 15 ' 10 ° 5°
S [ AUTOMATIC GUIDANCE ACCURACY L __ tare-sec) 1 I L 1 INTERMED. 30 FINE 10 ) 5 0.25
& | POOREST ANZULAR RESOLUTION IN FOV AT GIVEN WAVELENGTH {arc-sec at A) TATa i 1 AT 4,000 0.15 AT 4,000 0.1 AT 5,000 j 0.5 AT 1,200 0.25 AT 4,000
[ = = ~ -
Q | LENGTH, STOWED POSITION (m;ft) 1.75:5.75 289.2 26888 - 15.6:51.2 3.08;10.1 9.07:296
8’ VOLUME, STOWED POSITION . (m34¢3) 50:1,760 . 35:124 41,145 270:9,520 ) 2588 53;1,870
O [ _WEIGHT, INCLUDING INSTRUMENTATION DEVICES (kg:tb) 1,000:2,200 (INCLUDING SHIELD) 1,000,2,200 - 240:530 12,000:26 500 } 430950 930:2,050
VIEWFINDER FIELD OF VIEW (degrees) 2 . 5 5 2 5 5
TIME PERIOD INTERMEDIATE INTERMEDIATE INTERMEDIATE LATE INTERMEDIATE LATE
ORDS TO WHICH APPLICABLE 029, 0635, 072 THRU 078 002, 027, 028, 030, 031, 032, 033, 034,037, 113 020, 021,022 035, 036, 040 ‘018, 023, 024, 026, 038, 039 , 101,078 o71s
1.000-3,000% ) ORDS B00-3,000A ] ORDS ° 900:4,000% T ORDS
WAVELENGTH RANGE . ,
NORMAL-INCIDENCE SPECTRAL DISPERSION 190K /mm ! 033 24%mm ) 028 ¢ 1008/mm ) 1078
SPECTROGRAPH WAVELENGTH RESOLUTION 2A AT 1,500 1037 0.5% AT 2,0008 p o3 ! 2A AT 1,200, )
RECORDING SCALE -13.8 arc sec/mm 13.8 arc secfmm | 032 226 arc sec/mm ]
TYPICAL INTERCHANGE GRATING TYPICAL INTERCHANGE GRATING | 034 SLITLESS PLANE GRATING |
[*]
WAVELENGTH RANGE 80g-3,000K ! ORDS 800-3,000A | ORDS .
SPECTROGRAPH SPECTRAL DISPERSION 0/ ook ! 4.658/mm . 1 035 ;
WAVELENGTH RESOLUTION 0:2A AT 2,000 1 031 0.1AAT 20008 1| 036
RECORDING SCALE 13.8 arc sac/mm 1 032 *20.3 arc soc I
TYPICAL INTERCHANGE GRATING | 034
40008 - 1 ORDS
sumess SPECTRAL DISPERSION so%/mm N I 028
H B
SPECTROGRA WAVELENGTH RESOLUTION %:fa ::;%"m :
RECORDI .
CORDING SCALE IMAGE INTENSIFIER + FILM i i
; i i ORDS )
PLATE CAMERA SIZE 25 x 25 mm I 70 mm 225 mm | o18 ¢ 150 x 150 mm ; ORDS 15 x 15 in. | ORDs
FIELD OF VIEW 5-3/4 arc min. ) OROS 5 arc min. 15 arc min. | 023 100 | 10° I
» RECORDING SCALE 13.8 arc sec/mm p 113 4.6 arc sec/mm 46arcsec/mm | 24 226 arc sec/mm 1 101 55.5 farc sec)/mm | O71s
@ I I : | 026 i
§ SIZE . 35 x 50 mm | ORDS §
@ RECORDING SCALE 4.6 arc sec/mm 03 !
e 200 X BANDS t ORDS 0.5, 0.2 | ORDS 500 A | ORDS
S | FILTER ASSEMBLY 500'& BANDS | 018 L I 078 BANDS I ons
= | 023 BAND
s | 024
= I 026
| ORDS 20-POWER T ORDS |
g FIELD LENS PHOTO ) 002 RELAY | 020 2POWER ORDS
@ | AND/OR MULTIPLIER _LENS + )
| 027 LENS | 021 . 024
[ IMAGE 16mm, 1,000-line ]
g | 'MAGE TUBE INTENSIFIER | 028 +S.EC. I 022 vIDICON 1
= 1_030 ViDICON 040 .
PHOTOPOLARIMETER, 0.5% POLARIZATION : -ORDS !
_ i . A= 1050-3000 A 039
. N ) 800-3,2008 iND ’ | ORDS A
SPECTROPHOTOMETER 3,200-12,000 | 002 X
10-100 1 027 :
RESQLUTION -1 030 ;
| ORDS ;
INTERFEROMETER RESOLVING POWER | 072~ H
; =4 PARTS IN 104 | 075 '
INTERFEROMETER b om J
CONTROL { 078 !
“t SPECTAAL D* = 1013 wiTH, | ORDS {
TER 10 £
RADIOMETE SPECTRAL DETECTIVITY DETECTOR COOLING TO#X | G385 !
SOLID STATE . 4 SPECTRAL D* = 1013wiTH | ORDS - I
DETECTOR MATRIX SPECTRAL DETECTIVITY DETECTOR COOLING TO 4k ! 0638
ORDS P
MAGNETIC 35 mm DIGITAL | 029 ;
TAPE | 0e3s
RECORDES 1" 072 ‘
073
- 079

t See 'l_'ableill-1, Reference 35

Figure 3-2. Normal Incidence Stellar Telescopes:
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36
0
37 : S !
. !
[V
1-TO-6 SOLAR 5-T0-30 SOLAR 1.5-METER | 0.25-METER 0.125-METER
INSTRUMENT RADII alt RADII AL DIFF-LIM R s) G orrAxis) XUV SPECTRO- XUV HIGH DISPERSION
CORONAGRAPH (= CORONAGRAPH UV-VISUAL - T HELIOGRAPH SPECTROHELIOGRAPH
(SECTION,IN TEXT) {BQOK 1) (3.2.8) alu (3.2.9) (3.2 (3.2.15) (3.2.11 (3.2.18) . (3.2.12) (3.2.17)
i el 2|0 ? > B
OASF INSTRUMENT NO. 36 g 37 a3 46 04 05 ) 06 07
APERTURE tm) 0.0245 0.040 0.80 15 0.2 0.5 0.25 0.125
;
EE;ES-THWE FoCAL {m) 0.315 0.090 39.2 75 ) 24 6.0 ‘ 3.0 25
INOBSCURED COLLECT: fcm?) 448 11.9 4280 17200 a1s 1360 l 490 122
. _ :
WAVELENGTH {MINIMUM) 1R 4,000 4,000 1,200 <1,300 300 170 170 304
T
WAVELENGTH (MAXIMUM) (8} 10,000 10,000 10,000 >12,000 . >1,500 > 1,500 : 650 1216
1
i
-AXI R -
g# g v)flgr? \';lvil\;ttENRGE‘?S LuTIoN ‘::33“ 10 at 5,000 30 at 5,000 0.16 at 5,000 0.1 2t 6,200 1 a1 800 0.5 a1 800 121170 1.3t 600
4 'FINE GUIDANCE RESOLUTION {are sec) 5 ’ £ 0.02 + 0.05 +0.1 +0.05 ! 1 0.02 1002
5 7
E FIELD OF VIEW (FOV) {are min) 3.25° 15° 2.6 11 2 2 ! 32 10
[ .
5 AUTOMATIC GUIDANCE
b ACCURACY fore-sec) 15 15 1 ' 15 15 15 : 0.1 01
g )
< POOREST ANGULAR RESOLU- {arc-sec
5 TION IN FOV AT GIVEN at &) 45 at 5,000 1 arc min. at 5,000 0.196 at 5,000 0.1 3t 6,200 1.5 at 800 15t 800 1at170 1 at 600
€ WAVELENGTH , )
- 1
E LENGTH, STOWED POSITION {m:At) 3.7;12.15 2.8:9.2 3.56;11.8 12.3;40.4 - 36:11.8 9;29.6 | 3.44:11.3 3.44:11.3
- I3
-t
8 VOLUME -STOWED POSITION C (m3d COMBINED 2.3:81 . 3.25;115 :32.5:1,150 1.656.5 10.8;38.1 ! 3,106 3106
WEIGHT, INCLUDING INSTRUMENTATION DEVICES . {kpib) COMBINED 400:880 800;1,760 1,600:3,530 65,143 1,800:3.970 300660 320,710
VIEWFINDER FIELD OF VIEW {arc min) .40 40 300 32 40 40 15° 15°
TIME PERIOD INTERMEDIATE INTERMEDIATE INTERMEDIATE LATE INTERMEDIATE LATE . INTERMEDIATE LATE
ORDS TO WHICH APPLICABLE 062 062 050,064,069 053,057,064 ° 042,058 043,044, 052 070
i 066,069,079 : 051,060
. 300-15008 | 30095008 |
WAVELENGTH RANGE ! i
NORMAL-INCIDENCE SPECTRAL DISPERSION 108 /mm | ORDS 1R /e | oRDS
SPECTROGRAPH WAVELENGTH RESOLUTION ) 1042, } 043, !
RECORDING SCALE 0.2R a1 3008} 058 0.02R at 800R | 044, !
86 arc sec/mm | 34 arc sec/mm | 060
] ]
ECHELLE WAVELENGTH RANGE V500 25008 ! oS 1390110008 ! ORDS
SPECTROGRAPH SPECTRAL DISPERSION 1 01/ 053
.. WAVELENGTH RESOLUTION 0.5 émm R-l 069 A | 069
a RECORDING SCALE 0.01A at 3,000A | 0.002A at 3,000 ; 079 B
o .4.43 arc sec/mm : 2.75 arc sec/mm |
>,
w : ' ] [}
Q ° | Q o
2 SLITLESS WAVELENGTH RANGE 170-650A | ) 170-650A ! 304-1216A |
3 SPECTROHELIO- SPECTRAL DISPERSION t8/mm , | ORDS 18/m | ORDS 1A/m o | ORDS
E GRAPH WAVELENGTH RESOLUTION . o.ozrﬁ at800A | 051 | 0.015% at 1708 : 052 0.015A 3t 600A ! 070
:5 RECORDING SCALE 34 arc sec/mm | / 69 arc sec/mm ) 21 arc sec/mm |
z ' | i |
H
2 NARROWBAND BANDPASS +0.253 | ORDS t01R ) SROS
§ LYOT FILTER | 084 (A
r— - N T |
CINE-FRAME FIELD OF VIEW .3.250 | ORDS 150 I oRDS §;§';:;' 4.43 arc sec/mm | gg)os
CAMERA, 35 v 1
mm RECORDING SCALE 656 arc sec/mm | 062 2,700 arc sec/mm. 062 35x100 mm : 064 ‘
. 2 arc min | ORDS 1 . \
PLATE CAMERA FIELD OF VIEW . 1.1 arc min. | oRrps 2arcmin. © | ORDS 34arcsec/mm | g43 32arcmin. | ORDS ;? arc ’“"/‘- | gRDS
) RECORDING SCALE .2.76 arc sec/mm | 057 86 arc sec/mm | 042 35x600 mm | 04a 69 arc sac/mm | 52 » a‘;g;ec mm ; 070
FORMAT 35x100 mm | 064 35x120mm | (s8 | o1 35x495 mm | x250mm
- 1 ! | {Grazing) '
| 060 [
— 0
SOLAR BANDPASS 0.05A/mm | ORDS
MAGNETOGRAPH (SPECTROHELIOGRAPH) | 066

Figure 3-3. qumal Incidence Solar'TeIescopes
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1
SOLAR STELLAR
INSTRUMENT 0.25-METER 0.5-METER 0.25-METER € 0.225METER 1-METER
Xuv XUV IMAGING X-RAY olf SPECTROGRAPHIC X-RAY X-RAY
(SEC /ION IN TEXT) {BOOK 2) {3.2.18) {3.2.22)) (3.2.19) 7 ] (3.2.20) (3.2.21)
- po]
OASF INSTRUMENT NUMBER. 08 09 39 e L 19
APERTURE {m) 0.25 0.50 0.25 . 0.225 1.0
EFFECTIVE FOCAL LENGTH (m) 3.0 6.0 2.4 | 2.4 10.0
UNOBSCURED COLLECTING AREA (cm?) 125 500 50 20 ‘ 500
WAVELENGTH (MINIMUM) (A) 170 170 2 1 2
8 WAVELENGTH (MAXIMUM) (A) > 650 > 650 .10 40 100
}_
0 ON-AXIS ANGULAR RESOLUTION {arc sec
= . .5 at 300 5at6
5 AT GIVEN WAVELENGTH at K) 2.5 at 300 05a a 5at6 5at6
'{(; FINE GUIDANCE RESOLUTION {arc sec) +0.1 1 0.02 +1 + 0,25
< FIELD OF VIEW (FOV) {arc min) ‘ 2 2 30 10 10
5 AUTOMATIC GUIDANCE ACCURACY arc sec) 1 0.2 (MANUAL) (MANUAL) 15
o - (arc sec’
POOREST ANGULAR RESOLUTION A , ]
s) . . . 20 at
K5 |_IN FOV AT GIVEN WAVELENGTH at A) 2.5 at 300 0.5 at 300 até 20at6 20at6
w LENGTH, STOWED POSITION C {mif) 3.16;10.4 6.4;21.0 3.12;10.2 12,95:9.7 5.71;18.8
- "
9 VOLJME, STOWED POSITION , {m3:#t3) 0.44;15.5 2.3;81 COMBINED 0.65;23.0 | 200;7,050
WEIGHT, INCLUDING INSTRUMENTATION DEVICES  (kg;lb) 85;187 400;880 COMBINED 80;176 1,220;2,690
VIEWFINDER FIELD OF VIEW (degrees) 5 5 2/3 2/3 3
TIME PERIOD INTERMEDIATE LATE INTERMEDIATE INTERMEDIATE LATE
ORDS TO WHICH APPLICABLE 054, 055, 059 .055,056,061 065 1045,068 081, 082, 083, 084
GRAZING-INCIDENCE WAVELENGTH RANGE 17g—650X | ORDS 110-65051 | ORDS
SPECTROGRAPH SPECTRAL DISPERSION 10A/mm | 054,055 1A/pm | 055,
WAVELENGTH RESOLUTION 0.5A at 300A {'059 0.1A at 304A | 061
PLATE CAMERA, FIELD OF VIEW 2 arc min. |ORDS 2 arc min, | ORDS 20.6 arc sec/mm | ORDS
GRAZING INCIDENCE RECORDING SCALE 69 arc sec!//mm |054,055 34,4arcsec/mm | 055, 35 mm { 081
FORMAT 35 x 44 mm {059 70 x 450 mm | 061 | 084
w ‘
W | CINE-FRAME FIELD OF VIEW 30 arc min. | ORDS
S CAMERA, 35 mm RECORDING SCALE 86 arc sec/min. | .065
w .
(] - -
= X-RAY IMAGE FIELD OF VIEW 30 arc min, | ORDS
Q INTENSIFIER RECORDING SCALE 86 arc sec/mm | 065
B PLUS VIDICON (ALTERNATIVE TO CAMERA)
[ - — -
2 CRYSTAL WAVELENGTH RANGE 1.5~°10§; | ORDS | ORDS
< SPECTROMETER WAVELENGTH RESOLUTION 0.1A at 3R | 045, 1% at 3 keV | 083
2 ; | -068 |
= | X-RAY GRAZING WAVELENGTH RANGE 1.5-60A | ORDS
£ INCIDENCE SPECTROMETER WAVELENGTH RESOLUTION 0.1R at 3R | 045
FIELD LENS AND/OR X-RAY IMAGE | ORDS
IMAGE TUBE INTENSIFIER | 081
GAIN =7 j
CHANNEL SPECTROMETER/ 6% RESOLUTION | ORDS
PROPORTIONAL COUNTER at10kev | 082
Figure 3-4. Grazing Incidence Telescopes
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. 0.7-keV 10 20-keV 10-keV to 300-keV 300-keV to:1-MeV 1 MeV to 5-MeV ' 25-MeV to 1-GeV 10-keV to 20-MeV 20-MeV to 100-GeV
INSTRUMENT Proportional Scintiliation Scintillation Scintillation Digitized Solid State Gas Cerenkov
Counter Array Counter Counter Counter Spark Chamber Counter ) Counter

(SECTION IN TEXT) (BOOK 2) (3.2.23) (3.2.24). (3.2.26) (3.2.26) (3.2.27) (3.2.28) (3.2,29)

OASF INSTRUMENT NUMBER' 20 22 23 ~+2 43 25 27

EFFECTIVE COLLECTOR (cm?) 1.3 x 105 300 100 100 230 1000 500

AREA : . )
0.7 keV TO 10keV TO -300 keV-TO 1 MeV TO 25 MeV TO 10 keV TO 20 MeV TO
E Y RANGE :

NERG 20.KeV 300 keV 1MeV 5 MeV 1GeV 20 MeV 100 Gev
ANGULAR RESOLUTION (degrees) 1 3 3 3 25 3 8 arc min.
FINE GUIDANCE RESOLUTION + 3.3 sec + 1 min. + 1 min. + 5 min. + 30 sec N/A + 15sec
FIELD OF VIEW (degrees) '3 6 6 n 60 6 60

— ] . -5 -
TOTAL SIGNAL (photons/sec-keV) 1x10% 3x 102 106 106 108 10’8 10° PARTICLES/
COUNT sec-MeV
- : , 0.05 TO 50
EXPECTED COUNT 600 TO 1070 0.02 TO 0.02 TO 102 TO: 270 D e
: hot . X
IN TOTAL BAND {photons/sec) 5 x 105 104 2 > 1 2 (E LEC'{)F:OGI\LS{;)SEC AT

ENERGY RESOLUTION

10% AT 10 keV

20% AT 50 keV

8% AT 600 keV

5% AT 1 MeV

35% AT 100 MeV

3keV AT 1 MeV
8 keV AT 20 MeV'

10% AT 1 GeV

TOTAL NOISE (ENVIRONMENTAL)

*

*

*

*

LENGTH {m;ft) 4,3;14.1 1.5:4.9 1239 1.0;3.3 1.5;4.9 1.2;3.9 3.7;12.1
VOLUME . (m3;ft3) 8.8;310 0.65;23.0 0.84:;29.6 0.4;14.1 0.5;17.6 0.4;,14.11 9,318
WEIGHT {kg;ib) 2,700;5,950 290,640 300;660 200;440 90;198- 350;770 800;1,760
, MAGNETIC TAPE MAGNETIC TAPE MAGNETIC TAPE MAGNETIC TAPE MAGNETIC TAPE _ _
RECORDING MEDIUM 11 HOURS 10 MIN/OBSER- 100 HR/OBSER- 100 HR/OBSER- DIGITAL 100 HR/OBSER- VIDICON/FILM.
SKY SCAN VATION VATION VATION VATION

GUIDANCE STABILITY (degrees) - ' '
REQUIRED 0.1 1.0 0.3 0.3 $0.5 0.3 0.05
VIEWFINDER : (degrees) ; “

FIELD OF VIEW 18 8 8 8 8 8 2.0
TIME PERIOD INTEKMEDIATE INTERMEDIATE INTERMEDIATE INTERMEDIATE "INTERMEDIATE LATE LATE

; 085S,095, _

ORDS TO WHICH APPLICABLE 096 097 100 049S,086,089S 046, 102 046, 102 048s,093S 046,098,099,103,104 0875,091S

* ADDITIONAL DATA REQUIRED BEFORE ENVIRONMENTAL'
NOISE CAN BE DEFINED.

‘Figure 3-5. High-Energy Radiation Counters
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3.1.1 Astronomy-Program Effectiveness of Task B Instruments

A display of the elements that contribute to effectiveness of the various

instruments derived in Task B is presented in Table 3-1. No attempt is

made here to establish a relative program effectiveness, or ranking, among

the instruments, for several reasons:

1.

The instruments are identified with widely diverse regions of the
electromagnetic spectrum; hence any measure of the value of
observations performed would be subjective.

The ORDS themselves, being merely representative of a complete
baseline research program in astronomy, are not necessarily well
balanced with respect to various areas of astronomy. Therefore,
any attempt to tabulate data such as numbers of ORDS satisfied
could be misleading. ‘

Economic factors, which are not reflected in this figure, would have
to be considered in any attempt to delineate program effectiveness
of the instruments.

The symbols used in Table 3-1 are explained as follows:

1.

@] Instrument Fully Satisfies the ORDS--The instrument, utilizing
present technology and presently postulated state-of-the-art advances,
would have the required performance characteristics with respect to
the desired observation requirements, as defined in the indicated
ORDS. Instrument packaging to meet the requirements imposed by
in-orbit operation, and mirror figuring to stated limits, are con-
sidered to be within postulated state-of-the-art advances.

(4] Instrument Theoretically Permits Full Satisfaction of ORDS--
Postulated instrument performance is predicated on the desired
ORDS observation requirements. Although performance falls short
of some of the specified observation parameters (such as detector
sensitivity, response speed, or field of view), it could satisfy these
requirements when the instrument is developed to, or close to, its
theoretical limit,

@] Instrument Partially Satisfied the ORDS--A qualified fulfillment
of the observation requirements as stated in the applicable ORDS.
Instrument capability falls short of some of the specified observation
parameters, such as spectral range, spectral resolution, spectral
dispersion, field of view, or angular resolution.

ORDS Not Covered by Task B Instruments--None of Task B instru-
ments presented provides any significant accomplishment with
respect to the particular ORDS observation requirements. This
classification may reflect a lack of any feasible instrument concept
for the time period of the study. Alternatively, it may:reflect a
compromise in instrument versatility because of selection of an
instrument already under development.
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Table 3-1

ASTRONOMY PROGRAM EFFECTIVENESS OF TASK B INSTRUMENTS

INTERMEDIATE TIME PERIOD

LATE TIME PERIOD

OPTICAL TELESCOPE

OPTICAL TELESCOPES

INSTRUMENT A
CATEGORY RADIO NORMAL INCIDENCE l Gm:zmc RADIATION RADIO NORMAL INCIDENCE &CIE'E':J%E RADIATION
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A U [7] v 002
SKY VLF 004 ® ‘ . A - 004
SKY VLF 005S v 0055
“RADIO SOURCES VLF 0065 v 0065
[ STars VISIBLE 017 : - Xl oi7
[~EALAXIES. UV, VISIBLE 018 | o8
STARS VISIBLE 019 x| o9
MERCURY UV, VISIBL 020 070
MARS UV, VISIBLE 1R ] 021 § 021
MARS UV, VISIBLE IR 022 gzz
prm— e —
[ STARS V. VISIBL 023 023
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[ STARS v 2 I g;;
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TARS, INTERSTELLAR GAS uy. 036 ! [y 036
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s Y 038 : 038
STARS ViV v l 339
[ venus Uy - | X 40
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3,1.2 Estimates of Development"vTimes and Costs

The estimates of developmerrt times and costs for the astronomy instruments,
shown in Section 3. 2'are limited to estimates of the Phase D portions of the
instrument programs, since that is adequate to the requirement for deriving

a logical, evolutionary plan'fo'r the astronomy prograrri in Task C.

The OASF has been divided into four phases, so as to agree with NASA

planning practices. These phases are as follows:

1. Phase A--Program definition.

2 Phase B--Preliminary definition.
3. Phase C~-Final definition.
4

Phase D--Development and Operation.

This report is roughly eciuivalent to Phase A. Phase B, censisting mainly of
systems engineering and related disciplines, contains no specific design
requ‘irements. Phase C is a continuation of Phase B with a further evolution
to preliminary design of the specific instruments. At the end of Phase C all
tradeoff. analyses must be completed and the decisions relating:to the choice
of particular instrument design options should be made. The costs in the
Developmen‘t portion of Phase D include deeign breadboarding engineering
model fabrication, pro_]ect verification model fabr1cat10n fabrication of
models for qua11f1cat1on testing, and qual1f1cat10n testmg, Phase D operations
costs include refurbishment of the project ve rification model to flight quality
as baekup, flight article fabrication, and engineering support at the Manned |

Spacecraft Center (MSC) and Kennedy Space Center (KSC).

Development costs, development schedules, and numbers of deliverable
hardware items for the various instruments are shown in a series of figures
and tables that are included in Section 3. 2 below, as part of the overall

description of each instrument.

In developing Phase D costs for the various instruments, cost analyses were
made of representative instruments of each type. These cost analyses were
based on actual costs incurred in the development and fabrication of similar’
hardware already developed, with appropriate adjustments for differences in-

complexity and research requirements, on a component-by-component basis,
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Experience factors were used where applicable to reflect an improving cost/
effectiveness with each subsequent design of a given general type. The costs
shown for the individual instruments in the following pages are engineering
estimates based on these analyses, and significant figures beyond the second
have been left in the tabulated material for arithmetical convenience only,
Some individual cost items in the tables (identified by *) were omitted in
cases where the lack of extra detail would not significantly affect the overall

estimate for the instrument.

An important aspect of these instrument Phase D cost estimates is the
commonality in instrument development that could be exploited in considering
the evolutionary astronomy program as a whole. Commonalities in develop-~
ment efforts for different instruments (euch as in a second -generation growth
version of a given instrument) were taken advantage of so as to achieve the
greatest economy in overall program costs. Therefore, some of the instru-
ment cost estimates shown in Section 3. 2, below, reflect assumptions that
other instruments developed earlier in the program reduce the development
cost estimate for the instrument in question. These assumptions, where
they are made, are identified in footnotes in the appropriate '"Task Cost V
Estimate--Phase D' tables in Section 3. 2. Another assumption that is some-
times made, and footnoted as appropriate, is that a s1ng1e contractor will
develop the optics for both 1nstruments in a sequence. In addition, the entire
set of instrument-development cost estimates is predicated on Cluster 1 and
Cluster 2 of the ATM series havmg flown. In cases where‘these types of
prograrn—denved development commonalities are assumed the cost estimates
are .significantly smaller than they would be if the instruments were to be

developed independently.

Schedules were devised with regard to the influence on ove rall program
logistics. Pr1mary consideration was given to the log1ca1 evolut1on from
earlier instruments to their more sophisticated descendents, and the neces-
sary development intervals were allowed between instruments whose develop-
ment cost could be commonized as explained in the preceding paragraph.
Thereby, full advantage could be taken of the learning process. By creating

schedules on an overall basis, it was possible to maximize the usefulness of



each launch. Manpower loading was assumed to be flexible; i, e., no allow-
ance was made for loss in manpower efficiency which might occur when
greater than the normal number personnel are assigned to a project at a

given time,

In the individual development schedules shown in Section 3.2, the general
bar chart layeuts of the component activities for the various subsystems
(detectors, collecting optics, etc..) as well as for the basic instrument
system development; and also for the interface with the OASF launches in
the overall astronomy program are essentially similar f.rom instrument to
instlrumenf The major differences are in the predecessor act1v1ty inter-
faces shown at the Phase D Authority To Proceed (zero-month point) and the

1nstrument launch date. The evolutionary plan presented in Task C is based

on the matchmg of each instrument launch date shown here with the appropri-

ate OASF launch (the one indicated in the 1nstrument development schedule)
Furthermpore, to 'ac‘comphsh Phase D within the time and within the cost
estimated for a given instrument, the predecessor activities are considered
to have taken place before the Phase D Authority To Proceed date for that
1nstrument W1thout these predecessor activities having taken place, the
time and the cost neces sary to accomphsh Phase D for the g1ven instrument

would both have to be 1ncreased

A summary of Phase D costs, separated into operatiohs and development for

each instrument, is presented in Table 3-2.
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Table 3-2

PHASE D TASK COST ESTIMATES
($ Thousands)

OASF

Section Instrument Total

in Text Instrument Name Number Development Operations Phase D
3.2.1 Crossed-H tethered interferometer 32 26,780 12,375 39,155
3.2.2 Terminated-loop tethered interferometer 30 23, 600 10,908 34,508
3.2.3 Kilometer wave orbiting telescope 41 80,950 37,348 118,298
3.2.4 1-meter IR telescope 14 4,285 1,980 6,265
3.2.5 1-meter non-diffraction-limited UV-visible-IR telescope 45 10,729 4,961 15,690
3.2.6 1-meter diffraction-limited UV-visible-IR telescope 34 6,719 3,104 9,823
3.2.7 0.3-meter UV Schmidt telescope . 33 3,265 1,671 4,942
3.2.8 1- to 6~solar-radii coronagraph 36 1,285 593 1,878
3.2.9 5- to 30-solar-radii coronagraph 317 2,715 1,911 4,292
3.2.10 0.8-meter UV-visible-IR telescope 44 6,824 3,128 9,952
3.2.11 0.2-meter UV off-axis telescope 04 2,250. 1,040 3,290
3.2.12 0.25-meter XUV Spectroheliograph - 06 2,385 1,102 3,487
3.2.13 3-meter diffraction-limited UV-visible-IR telescope 35 176,950 81,697 258,647
3.2.14 1l-meter UV Schmidt telescope 13 23,1705 10, 949 34, 654
3.2.15 1.5~meter diffraction-limited UV-visual-1IR telescope 46 5,806 - 2,722 8,618
'3.2.16 0.5-meter UV off-axis telescope _ 05 4,010 1,852 5, 862
3.2.17 0.125-meter XUV high-dispersion-spectroheliograph 07 2,385 1,102 3,481
3.2.18 0.25- mefef XUV grazing incidence telescope 08 3,915 1,805 5,720
3.2.19 0.25-meter imaging X-ray grazing incidence telescope 39 3,020 1,511 4,531
3.2.20 0.225-meter spectrographic X-ray grazing incidence 11 3,269 1,510 4,119

telescope

3.2.21 1-meter X-ray grazing incidence telescope 19 4,630 2,141 6,771
3.2.22 0.5-meter XUV grazing incidence telescope 09 4,560 2,059 6,619
3.2.23 0.7 keV to 20 keV proportional counter array 20 1,890 873 2,763
3.2.24 10 keV to 300 keV scintillation counter 22 1,930 892 2,822
3.2.25 300 keV to 1 MeV scintillation counter 23 1,435 663 2,098
3.2.26 1 MeV to 5 MeV scintillation counter 42 1,435 663 2,098
3.2.27 25 MeV to 1 GeV digitized spark chamber 43 4,320 1,948 6,268
3.2.28 10 keV to 20 MeV solid state counter 25 1,180 546 1,726
3.2.29 20 MeV to 100 GeV gas Cerenkov counter 21 1,376 637 2,013




3.1.3 Flight Crew Skills

The instrument descriptions in Section 3.2 include discussions of the utiliza-

tion of man in the deployment, alignment, calibration, operation, and

maintenance of each instrument., Crew skills identified in those discussions

are referenced by number; Table 3-3 summarizes these flight crew skills

and their numerical identification.

Table 3-3

FLIGHT CREWSKILL SUMMARY

No. Name
1 Biological Technician
2 Microbiological Technician
3 Biochemist
4 Physiologist
5 Astronomer/Astrophysicist (Navigator)
6 Physicist
7 Nuclear Physicist
8 Photo Technician/Cartographer
9 Thermodynamicist :
10 Electronic Engineer (Navigator/Radar Specialist)
11 Mechanical Technician (Engineer)
12 Electromechanical Technician (general)
13 Physician
14 Optical Technician
15 Optical Scientist
16 Meteorologist
17 Microwave Specialist (Communications/Radar)
18 Oceanographer
19 Physical Geologist
20 Photo Geologist
21 Observer (general)

3.2 DESCRIPTION OF ASTRONOMY INSTRUMENTS

The astronomy instruments resulting from the selection process described in

Section 2 are described in detail below.
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3.2.1 Crossed-H Tethered Interferometer Radio Telescope--OASF
Instrument No. 32

3.2.1.1 General Characteristics

The crossed-H interferometer (Figure 3-6)*is a'long-wave raaib astronomy
instrument cohcept advanced in the Large Space Structures Experiment Stud-y
conducted By the Convair Division of General Dynamics in coordination with
the scientific community (Reference 1-1). The system providési high resolu.-
tion over a wide frequency band utilizing interferometer effects and dimen-
sional variations. It was conceived to fulfill the 4threAefold p{lrpo'se‘ of (1)
ev,aluéting maﬁ's role-in the deplvbyrnent, méintenaﬁce, and 1:_epaixj of large
space structures; (2) evaluating technology of large space structures; (3).
satisfying a user-oriented requir-emeht such as radio astronomy.,_ It consists
of a symmetrically shaped center body with extendable boor_né t}ia’t'support
retractable wire-mesh dipoles :resembling a turnstile configura_’i:ion. Both
beams and dipole lengths are adjustabie in three steps to perm'i;_c op.erati‘on
over three frequency bands: 0.5 to 2.5 MHz, 2.5 to 5 MHz, and 5 to 10 MHz.

The dipole antennas are the basic sensors. ~ A-pair of orthogonal dipoles is
arrayed with a second pair to give an end-fire pattern with polarization

diversity,

The center body encloses most of the mechanisms, the observation electron-

ics, and the power system. Solar cells are mounted on the body surface.
The booms extend and retract by telescoping.

Each antenna has its independent attitude-control system, including a horizon
seeker and/or star tracker. Thrusters are located at boom tips and center

body to provide the 6° of motion. Momentum wheels can be added.

The tether joining the two antennas is extendable and retractable between

10,000 and 1, 000 m. The tether serves to (1) permit utilization of the gravity

*For convenience, the basic figure for each instrument is a foldout located
at the conclusion of the appropriate section.
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gradient as a primary stabilizing force and (2) provide a means of controlling
the distance between the antennas. The antennas can be redocked into the

launch configuration.

The variable geometry crossed-H interferometer concept satisfies the long-
wave radio astronomy user requirements, even when structural and dynamic
problems inherent in this type of observation are considered. Important
features of this concept are:
1. An end-fire radiation pattern, which eliminates the hemispherical
ambiguities in antenna response.

2. Variable tether length, which makes possible the use of the inter-
ferometer, together with data-correlation processes, to achieve an
unambiguous mapping resolution equivalent to that of a two-
dimensional filled-aperture array. This achieves a performance
that could be matched, using conventional techniques, only by a
vastly more complex antenna structure.

3. Variable dipole spacing and length, which permits operation over
the broad frequency range from 0.5 to 10 MHz.

4. Ability to lock-on or slew the end-fire dipole assemblies to
continuously monitor one sector of the sky. This permits use of
the instrument to study time-varying sources, such as the sun,
when events of special interest occur.

5. For strong time-varying sources, the entire range, either from
0.5 to 5.0 MHz or from 2.5 to 10. 0 MHz, can be observed
simultaneously by tuning the two ends separately (either 0.5-2.5/
2.5-5.0 MHz or 2.5-5.0/5.0-10 MHz).

6. Polarization measurements in two orthogonal directions are
performed continuously during all observation periods and modes.

Other design features that contribute to the feasibility of the crossed-H
interferometer are deployment reliability, refurbishment capability, and

reasonable cost.

The crossed-H interferometer concept is derived in pért from the Tethered
Orbiting Interferometer (TOI) concept of Dr. R. G. Stone of the Goddard
Space Flight Cenfer, which uses the tethered-antenna-pair interferometer
principle. Instead of crossed-H antennas as basic sensors, the TOI uses
simple dipoles. Much of the research concerning grévity-gradient tethered
antennas was done by Johns Hopkins University, together with the TOI

program,



3.2.1.2 Design Criteria

Principal measurement objectives of a long-wave radio astronomy system

are (1) the spectral brightness and polarization mapping of essentially time -
stationary sources for frequencies below 10 MHz and (2) spectral brightness
and polarization monitoring of strong time-varying sources within the solar

system for frequencies below 10 MHz.

Earth-based radio telescopes are limited in their usefulness in varying
degrées below roughly 30 'MH'z_by the reﬂectibn, absorption, refraction, and
polarization rotation effects of the ionosphere. They are also adversely
affected by interference from man-made signals and atmospheric noises
origihafing on the Earth. Thesé_ limitations increase in severity with
decreasing frequency, becoming very severe at about 10 MHz and intolerable
bat frequencies below about 5 MHz. Space-borne long-wave radio astfonomy
telescopes operating outside the ionospheric blanket avoid many of these
.problems associated with Earth-based telescopes. Below frequencies of

4 or 5 MHz, space-borne long-wave radio astronomy telescopes are the sole

means of obtaining long-wave radio astronomy measurement data.

To be usefﬁ'l., then, satellite -bdrne ldng -wave radio astronomy telescopes
must, among other things, to able to operate at frequencies below 5 MHz,
must be able to resolve small angles for mapping, must be capable of
monitoring time-varying sources, and be able to measure the polarization
of the incident radiation. During analysis and evaluation phases of the
program, a listing of typical long-wave radio astronomy user requifements
was developed as an aid in evaluating various satellite-borne telescope

concepts; these user requirements are summarized in Table 3-4.

Outputs of the phasing and combining circuit, lead to detection and correla-
tion portions of the radiometer equipment. Envelope or power detectors
would give a measure of energy incident on each of the channels. Correlation
or product detectors, measuring correlation between inputs from the two ends
of the interferometer, would yield values of Fourier components of the sky-
spatial radiant distribution. Later these could be processed through ground-
based computers to obtain maps of sky brightness distribution. A
representative correlation detector is a type developed by Hubbard and

Erickson.
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Table 3-4

DESIGN CRITERIA
Crossed-H Tethered Interferometer
Radio Telescope
OASF Instrument No., 32

Lifetime Minimum of 1 year desired
Orbit altitude Minimum of synchronous

Effective beamwidth 100 degrees2 at 1 MHz desired--less than 10° in one
direction, but could be greater for solar and planetary
astronomy. Interferometers should be used if poss1b1e
for improving this resolution to 2°.

Pointing accuracy 1/2 beamwidth minimum to 1/10 for aspect determina-
tions. In case of a sweeping mode or drift mode
antenna, pointing direction must be known to within
1/10 half-power beam-width or better.

Pointing stability Approximately 1/10 beamwidth or better.

Bandwidth 500 kHz to 10 MHz desired, with emphasis on lower
half. Possible extension to 200 kHz,

Spectral resolution Good desired, and depends only on electronics for any
one antenna.

Sensitivity Unfilled apertures entirely adequate.

Lock-on time 1/2 sec to several hours for time-varying phenomena.

For most observations, however, an antenna arrange-
ment with as slow a drift-rate as possible~-of up to
approximately 1°/sec suffices.

Tolerance Perfer 1/20x, but 1/16\is adequate.
(At 1 MHz, a = 300 m) .
Orientation Eliminate antenna-pattern directional ambiguity.

About 15 pass bands, i.e., five in each of the three principal divisions of the
0.5 to 10 MHz frequency range, would give a reasonable spectral sampling
for the interferometer mapping mission.

A circuit feature that could be provided would include servo-controlled filter
and end-fire phasing elements which would permit swept-frequency measure-
ments to be made. This capability is most desirable for the observation of

strong time-varying sources,

Capability of observation of all extraterrestrial radio phenomena will be
assured by incorporation of radiometry filters and power detectors, swept

frequency receivers, and wideband receivers of sufficient dynamic range.

Wideband noise sources will probably be 'employed for calibration purposes.



3.2.1.3 Detailed Characteristics

Basic characteristics of the crossed-H tethered interferometer radio tele-

scope have been summarized in Flgure 3-1 in Section 3. 1.

Additional instrument details are tabulated in Tables 3-5 and 3-6.

Impedance Considerations

Figure 3-7 is a Smith chart plét of the anticipated input impedance of a
single dipole operating over the designated frequency ranges without com-
pensating networks. The 0.5- to 2.5-MHz range is the widest range and

consequently, has the maximum 1mpedance variation.

The higher bands are identical in ratio and, -therefore, display the same

impedance characteristics.

Antenna Dimensions

Dipole dimensions as adjusted for each frequency range are shown in

Table 3-7.

Radiation Patterns

Dipole end-fire arrays have directive radiation patterns designed to enhance

reception in one hemisphere. Réferring to the coordinate system in

Figure 3-8, radiation pattern of the array is expressed by:

[% (sAin B cos ¢+ 1)] [cos (% cos 6) - cos (-T%)]

E = sin
6 o
sig(znxd) [sine 1 - cos (%)]
where
od/n =0.25
L/N =1.25

Figures 3-9 through 3-11 are radiation patterns calculated at low-, mid-,

and high-frequency points for a mixed dipole length and spacing.

Additional instrument details have been tabulated in Tables 3-5 and 3-6.

49



Table 3-5

COLLECTOR PARAMETERS
Crossed-H Tethered Interferometer - Radio Telescope
OASF Instrument No. 32

Aperture 150 m x 150 m x 30 m x 10 km
Total field of view 130° x 90°
Angular resolution

On axis 1.7° at 100 m

Poorest in field of view 50 at 100 m
Minimum wavelength 30 m
Maximum wavelength 600 m

Table 3-6

INTERFACE CHARACTERISTICS
Crossed-H Tethered Interferometer - Radio Telescope
QOASF Instrument No. 32

General
System weight (less expendables) 1,900 kg
System volume (launch configuration) 10 m3
System shape (launch configuration) Spheroidal pod with extendable

booms and STEM dipoles retracted
Method of accomplishing...

Deployment Extension of STEM and telescoping
booms

Alignment Gravity gradient and pneumatic

Calibration Calibrated noise source

Operation Remote

Experiment change Ground activated

Stowage requirements (launch)

Mechanical Protective core
Electrical N/A
Experimont data handling

Format Partially processed rf cov-
converted to digital

Processing Transmission to ground-based
computer

Recording media Tape

Mode of data recovery Ground-based S-band receiver

Pointing requirements
Pointing accuracy (acquisition) 450
Power consumption

Standby 200 W
Operate 614 W
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Table 3-7
CROSSED-H DIPOLE DIMENSIONS

Frequency Dipole Length Dipole Spacing o
(MHz) (m) (m) L/\ d/x
0.5 o 150 30 1/4 1/20
2. 5/4 1/4
2.5 75 15 5/8 1/8
5
5 37.5 7.5 5/8 1/8
10 5/4 1/4

3.2.1.4 Utilization of Man

The normal deployment and operation mode of the Crossed-H Tethered
Interferometer Radio Telescope (OASF Instrument No. 32) is automatic.
However, yearly resupply of consumables is required, and EVA may be

utilized for inspection, maintenance, repair, and updating of components.

Deployment

Neither man nor EVA is needed; deployment is automatic.

Alignment

No alignment is needed. If the antenna has been properly deployed, it will -

be in the proper configuration. Antenna dimensional accuracy is not critical.

Calibration

Standard radio objects are scanned; the receiver contains built-in standards.

Operation

Operation is automatic and preprogrammed. Observations are telemetered

to an orbital support facility or directly to an Earth receiver. Manned activ-
ity near the antenna during its operation is undesirable because it might

interfere with the observations.
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6 = 90°

Figure 3-8. Dipole End-Fire Array, Coordinate System

% = 0.05, k = 0.25, TYPICAL OF 0.5 MHz

Figure 3-9. Radiation Patterns of End-Fire Array
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f‘\ = 0.25, '7\ = 1.25, TYPICAL OF 2.5 MHz

Figure 3-11. Radiation Patterns of End-Fire Array




Scheduled Maintenance

One resupply of attitude-control gas per year, well before the supply is
exhausted, is required. At the same time, 'EVA may be utilized not only to
replace failed components, but also to make adjustments to restore the sys~-
tem to peak operating condition and to replace components suspected of
impending failure. The scientific quality of the antenna and the receiving
system can also be upgraded by the introduction of new, more-sophisticated

electronic modules.

Unscheduled Maintenance

Because the instrument is operated in.a. high orbit (synchronous or higher).
and is normally left unattended befween— annual resupply and maintenance
events, un_scheduledv:maintenan‘ce, if required, would be combined with
resupply and normal maintenance. In case of a system }oreakdown, the

re supp_ly, repair, and maintenance c'l‘esctriibed above under ‘S:chedul_:ed Mainte -

nance may be rescheduled for an earlier date.

(If stab111z1ng jets fail and an antenna is turnbhng without control, it would

be dangerous for an astronaut to approach and the antenna would probably
be abandoned ) ' "

3.2.1.5 Supporting Research and Technology

Supporting Research and Technology (SRT) requirements associated with the
Crossed-H Tethered Interferometer (Instrument No. 32) are listed below.

Full descriptions of SRT items are given in Section 4, 3.

Research and Advance Technology

Investigate techniques for erection of large structures in space
(SRT 53).

Advance Development

Assess materials for internal use to determine if rapid aging and
breakdown are caused by internal atmosphere (SRT 82).

Assess materials for external use to evaluate (1) hard-vacuum
effects on materials, finishes, etc., and (2) development of proces-
sing, handling, and assembly techniques (SRT 83).
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3.2.1.6 Development Cost and Schedules

The Phase D cost is shown in Table 3-8, which shows both development and
operations costs. The development schedule is shown in Figure 3-12.

Quantities of equipment required in development are shown in Table 3-9.

3.2.1. 7 Instrumentation Section

The follov;)ing paragraphs discuss characteristics associated with the

instrumentation contained in the instrumentation section.

Receiver

Receiver instrumentation used in conjunction with the crossed-H interferom-
eter is shown in the simplified block diagram of Figure 3-13. The diagram
shows a method of providing the phasing necessary to obtain the desired
end-fire radiation patterns. Energy received at each dipole is amplified by
a wide-band amplifier, then sent through band-pass filters that separate
different portions of the spectrum for transmission through different circuits.
This separation into narrow-frequency bands is necessary if good front-to-
back ratios of reception are to be obtained throughout the frequency band
with the end-fire arrays, because of the mutual impedance properties of the
dipoles in the arrays. At each narrow-frequency band the end-fire phasing

components insert the phase shift and magnitude transformations required

for proper cardioid pattern shape.

As a single antenna, it is sufficient to note that the receiver will be capable
of frequency and power resolution by the use of eight wide-band and three

swept-frequency radiometry receivers.

Time-varying sources can be observed by making the two antenna con-
figurations different so that two frequency bands may be observed simul-

taneously, because two satellites will be launched together.



Table 3-8

TASK COST ESTIMATE--PHASE D
Crossed-H Tethered Interferometer Radio Telescope
(OASF Instrument No. 32)

($ thousands)

-Development total - 26, 780
Engineering 1,980
Detectors
Collectors 1, 200

Antenna array ' _ ’ - 1,200
Guidance 1,600
Star tracker 600
Gas system . : 1, 000
Electronics |
Housing . 9, 000
Structure A *
Deployment mech . 1, 000
Power supply - . 8, 000
Experiment package | o 13, 000
Tape recorders . ' 400

Satellite to GRD com- }
munication system 600

Receivers - ‘ : . 12, 000
Major hardware articles '

Mockup

Engineering fnodel

Project verification model

EE

Qualification model

Operations total - 12,375
Flight instrument 8, 035
Backup flight instrument ’ 3,215
Engineering support - 1,125

Phase D total 39, 155

*Cost item not derived where overall estimate for instrument is not
significantly affected.
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Table 3-9

PRIMARY INSTRUMENT EQUIPMENT LIST--DEVELOPMENT PHASE D
Crossed-H Antenna Tethered Interferometer Radio Telescope
(OASF Instrument No. 32)

Quanfity
Functional
System .
(Major Bread-| Proto-| Flight
Element) | Subsystem Assemblies Board type | Quality
Detectors -- ' -- -- --
Collectors | Antenna array -- 2 2
Star tracker 1 2 2
Guidance Gas system ' 1 2 2
Electronics 1 2 2
Crossed
-H _ Structure -- 1 2
Tethered Housing Deployment mech -- 1 2
Interfer- Power supply -- ‘ 1 2
ometer ' '
Experi- Tape recorders 2 2 2
ment Satellite to grd comm sys 2 2 2
package Receivers 2 2 2
Major gloc.kup . d ! -1- -
hardware ngineering mo el - o
. Project verification model -- 60% 40%*
articles ‘e .
Qualification model -- -- 1

*Obtained from subsystem development quantities

It will be noted that the circuit is designed to provide a dual set of cardioid
patterns simultaneously (through use of a dual hybrid and phasing network
arrangement, if reception [and null] of each is in a direction opposite to that
of the other). Thus, data from opposite hemispheres can be simultaneously

obtained.

Band-pass filters also serve the function of limiting the spectral spread of
any one set of observed data so that phase-shift techniques rather than more
difficult transmission delay techniques can be used in the synthetic aperture
correlation process. Filter pass-bandwidths on the order of 2 or 3 kHz

appear to provide appropriate system performance.
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3.2.2 Terminated-Loop Tethered Interferometer Radio Telescope -
QASF Instrument No., 30

3.2.2.1 General Characteristics

This- instrumenf concept consists of two terminated loop antenna modules
connected by a tether of variable length (Figure 3-14). For ease of storage
and deployment, the loop assumes a square configuration. Two adjacent

legs of the loop can then be Storable Tubular Extendable Member (STEM)
elements. Extending from the apex formed by these two legs, along a neutral
axis between them, is a third STEM used to deploy the other two sides of the
loop, These sides are conductive tapes stored on reels and automatically
deploy with the STEMS. The deployment concept is represented in Fig-

ure 3-15-. Each module would contain total power and swept frequency

receivers and a variable antenna structure.

One module, the Base Module, would have for its antenna, two orthogonal -
terminated-loops 107 ft (32. 6 m) on the side which would be capable of
operating from 50 kHz to 15 MHz with polarization determination capability. -
The other, the Remote Module, would be a smaller single~ (linearly polar-
ized) terminated -loop 42 feet (12. 8 m) on a side. Together the tethered

pair of antennas would act as an interferometer with an angular resolution

of 1°,

Alignment of both antennas is augmented by the gravity gradient existing

between them.

Electrical power and alignment pneumatic storage required to enable the
module to remain in orbit for a year are reasonable. Weight of the two

modules combined is estimated to be a maximum of 1, 450 kg.

Distance measuring equipment such as a radio theodolite accurately measures
the linear distance between both modules, and star trackers are used to
accurately fix their angular orientation with respect to space. These data

are used in the process of aperture synthesis.
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Figure 3-15." Deployment Concept Terminated Loop Antenna

Unique Features

Over the frequency range, its input impedance remains basically resistive.
This is unlike the highly reactive impedance of electrically small lossless
antennas and presents a smaller interface problem when combined with

receiving-equipment.

The radiation pattern remains essentially constant and directive without

requiring complicated phasing circuitry.

Allowing for the low sensitivity that is tolerable at the brightness levels
anticipated on the radio frequency range, the antenna can be extremely small

relative to the lowest operating frequency wavelength.

Concept of a tethered-orthogonal-loop and smalleplane-loop resulted directly
from fitting an equipment capability to baseline research program épecifica—
tions. Resulting equipment is regarded as having minimum weight and volume

required for the task.



That multibeam techniques may be fully exploited, it is suggested that all

radiometer data be transmitted to ground in a raw digitized state.

Predecessor Developments

Work that preceded the suggested tethered terminated loop is most signifi-

cantly concentrated in the following programs:
1. TOI--Tethered Orbiting Interferometer.

2. Crossed-H Interferometer.

The terminated loop antenna concept has been known for over a decade and

had been used in direction-finding applications.

3.2.2.2 Design Criteria

Specific criteria for this equipment are the Observation ‘Requirements Data

‘Sheet (ORDS) which are a compilation or research objectives as gathered from

the scientific community by Douglas Aircraft Company.

They are briefly stated below:

1. Average Low Frequency Medium Frequency and High High Frequency

(MF and LF) Radio Emission From The Galaxy.
""Sky brightness' will be monitored by a radiometer. 1, 500-, 600-,

300-, 150-, 60-, and 30-m bands will be observed with a bandwidth

of 5% (or less).

2. Survey Low Frequency, Medium Frequency and High Frequency Sky

Radiation.

It is desired to scan the entire sky with 10° angular resolution for

radio emission between 0.2 and 10 MHz. Bandwidth will be 5% or

less of the observed frequency.

3. Survey Low Frequency, Medium Frequency, and High Frequency
Discrete Sources.

Discrete radio sources will be detected using a ''radio telescope'
having 1° angular resolution, and their spectra will be monitored
in the range 0.2 to 10 MHz. Bandwidth will be less than 5% of the

observed frequencies.

4, Obtain LF, MF, and HF Spectral and Polarization Measurements of

the Solar Corona.

Dynamic spectra of solar bursts in the frequency range 50 kHz to
15 MHz will be obtained by rapidly sweeping this range with a
radiometer.
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5.  LF, MF, and HF Radio Observations of Jupiter.

Planet Jupiter will be monitored for radio emission in the 50 kHz to
15 MHz frequency range, principally to obtain dynamic spectra of
its diameter and longer wavelength bursts. Electron density and
temperature structure of Jovian trapped particle belts can be deter-
mined from this data. A

Resolution

Angular resolution of the system is determined in along-track direction by the
interferometer fringe lobes and in the cross-track direction by the antenna

beamwidth of the synthesized aperture.

In the interferometer mode, the interference fringe lobe pattern is given by
=1, X
6 = 2 sin (ﬁ)

This can be approximated for small angles near broadside by

A
6 = d
where
A = wavelength
d = Distance between the two antennas
6 = beamwidth between first nulls measured

from broadside

The term 6 represents twice the angular resolution of the interferometer and
is plotted in Figure 3-16 as a function of baseline separation and frequency.
Figure 3-16 also shows the time required to pass through the fringe lobe

(or maximum time available to integrate the fringe lobe data).

Limit of Resolution

Maximum usable separation of the antenna elements will be governed by the

ORDS requirements for resolution and effects of coronal scattering.



For observations in the quadrants in a direction opposite to that of the sun,

scattering angle is

A2
¢ (opposition) = —5
R
where
A = wavelength in meters
R = distance to sun in solar radii

In vicinity of Earth, R = 215.

Table 3-10 summarizes order of magnitude of this effect, and also indicates
maximum usable aperfuré. It can be seen that a resolution of about 1° is
the limit set by coronal scattering at a wavelength of 600 m, and that the

maximum usable aperture is about 34 km or about 17 nmi.

Design of the terminated loop is based on an analysis to determine the mini-
mum sensitivity allowable. Resulting antenna efficiencies and scattering

angles are shown in Tables 3-11 and 3-12,
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Table 3-10

COLLECTOR PARAMETERS
Terminated-Loop Tethered Interferometer Radio Telescope
OASF Instrument No. 30

40 km
1320 x 900

Aperture

Total field of view
Angular resolution
1© at 1,000 m
50 at 1,000 m
20 m

6,000 m

On axis
Poorest in field of view
Minimum wavelength

Maximum wavelength

Table 3-11
MINIMUM ALLOWABLE ANTENNA EFFICIENCIES

Frequency (MHz) Efficiency' (dB)

15 -14
10 -16
0.85 -39
0.2 -51
0. 05 -63
_Table_3-12.
SCATTERING ANGLES
" Maximum Usable
X (m) d>'o (opposition) Aperature (km)
30 14 in. 430
100 2.7 ft 130
300 24 ft 43
1, 006 4.5° 13
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3.2.2.3 Detailed Characteristics

Basic characteristics have been summarized in Figure 3-1. Additional
instrument details are tabulated in Tables 3-10 and 3-13. Results are
conservative because an istropic antenna and a 10 dBa background level is

assumed.

Impedance Consideration

A terminated loop:can be designed to have an equivalent circuit equal to a

radiation resistance in series with a terminating resistor.

At the low end of the bank where the loop is extremely small in terms of
wavelengths, the terminating resistor (numerically equal to the receiver
input impedance) is much greater than the radiation resistance. Therefore,

though the antenna is lossy, the receiver and antenna are virtually matched.

At the highest operating frequency the loop perimeter should not exceed one
2
wavelength. Thus the maximum loop area is equal to )T\%' for a square loop

with a length of a side equal to~%.

Applying the fomula for radiation resistance of a small loop:

2
R = 320 o2 (A)

)\Z
where
R. = Loop radiation resistance
A = Loop Area
A = Wavelength

the loop is found to have a radiation resistance of 122 ohms and mismatch to

a 50-ohm receiver is about 3.5:1.

Antenna Dimension

Considering the design criteria discussed above, antenna efficiency at the

lowest frequency should be at least minus 63 dB. This indicates a required

2

loop area of 1,040 m”™ or a square loop side dimension of 31. 7 m or 107 ft.
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Table 3-13

INTERFACE CHARACTERISTICS
Terminated-Loop Tethered-Interferometer
Radio Telescope--OASF Instrument No. 30

General
System weight (less expendables) 1,450 kg
System volume (launch configuration) 2 £t3

System shape (launch configuration) Two, 2/3 m diam x 2 m long

Method of accomplishing . .
Deployment

Aligﬁment
Calibration
~Operation

Experiment change

Stowage requirements (launch)
Mechanical

Electrical

Experiment data handling
Format

Processing
Recording media

Mode of data recovery

Pointing requirements

Pointing accuracy (acquisition)

Power consumption
_Stowed
Standby

Operate .

cylinders with STEM elements
retracted and attitude control
tanks external.

Extension of STEM Loop
elements

Gravity gradient and pneumatic

Calibrated noise source

‘Remote

Ground-activated

Plastic bag ﬁrotéctive cover

None

Analog rf converted to digital

Raw transmission to ground
based computer

Tape, raw data transmitted to
ground

Ground-based S-band receiver

50 (éﬁgle)

260 W
800 W
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At the highest frequency of 15 MHz, the loop-perimeter exceeds one wave=-
length. This can be compensated for by adding a capacitively coupled
smaller loop at the apex of the larger loop as shown schematically in Fig-
ure 3-17. The smaller loop should become effective at approximately 2 MHz

where the circumference of the 107-ft equals one wavelength.

The above procedure can be applied to the smaller frequency range required
(0.2 MHz to 10 MHz) where an efficiency of -51 dB at 0.2 MHz is expected.
Resulting loop edge dimension is 42 ft. Here the loop exceeds a wavelength

at approximately 8 MHz where the high frequency section should cross over.

Referring to the coordinate system represented in Figure 3-18, the termi-

nated loops normalized radiation pattern is expressed as

=
n

1 q+-é— Am
ZKq cos (g + l)¢ (-1) sin p_)

. L

where

= Loop circumference in wavelengths

L. = Normalizing constant

c = Velocity of radiation in space

v = Velocity of radiation along the loop
= £

P v

k = Asin®6

s = Any positive even integer including 0,
and q = any positive odd integer
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Figure 3-17. Schematic Representation of High Frequency Loop Within Larger Loop’

Figure 3-18. Coordinate System used in Radiation Pattern -

P




Jl(k), Jq(k), Js(k), etc., are Bessel Function of the first kind

LTI 50

B 2 .2 2
4 p“A® -(q+1)

Js(k)+J k) .

s+2(
p2 AZ'- (s + 1)‘2

1 Jq(k) - Jq + Z(k)'

P p2 'AZ - (s + 1)2

1- Js(k) - Js + Z(k_)

2 2 2
p- AT -(g+ 1)

Figure 3-19 depictsv E pla’inqz radiafion pattérns_computed from the above

formula,

It can be seen that the pattern remains relatively constant and directive even
when the loop is extremely small in terms of wavelength. One of the major
advantages of the terminated loop is that it remains this way without using

a frequency dependent phasing network.

Basic characteristics have been summarized in Figure 3-1,

3.2.2.4 Utilization of Man

The normal deployment and operation mode of the Terminated-Loop Tethered
Interferometer Radio Telescope (OASF Instrument No. 30) is automatic.
However, yearly resupply of consumables is required, and EVA may be

utiliZzed for inspection, maintenance, repair, and updating of components.

Deployment

Neither men nor EVA is needed; deployment is automatic.

Alignment

No alignment is needed. If the antenna has been properly'deploy'ed it will be

in the proper configuration. Antenna dimensional accuracy is not critical.
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.PERIMETER = 0.5\ - : PERIMETER = 0.003A

Figure 3-19. E Plane Radiation Pattern

Calibration

Standard radio objects are scanned; the receiver also contains built-in

standards.

Operation

Operation is automatic and preprogrammed. Observations are telemetered
to an orbital support facility or directly to an Earth receiver. Manned
activity near the antenna during its operation is undesirable because it might

interfere with the observations.

Scheduled Maintenance

One resupply of attitude-control gas per year, well before the supply is
exhausted, is required. At the same time, EVA may be utilized not only to
replace failed components, but also to make adjustments to restore the ,

systefn to Ilyeak' operating condition and to re.place components suépected of



impending failure. The scientific quality of the antenna and the receiving
system can also be upgraded by the introduction of new, more-sophisticated

electronic modules.

Unscheduled Maintenance

Because the instrument is operated in a high orbit (synchronous or higher)
and is normally left unattended between annual resupply and maintenance
events, unscheduled maintenahce, if required, would be combined with
resupply and normal maintenance. In case of a system breakdown, the
resupply, repair, and maintenance described above under Scheduled Mainte -

nance may be rescheduled for an earlier date.

(If stabilizing jets fail and an antenna is tumbling without control, it would
be dangerous for an astronaut to approach and the antenna would probably

be abandoned.)

3.2.2.5 Supporting Research and Technology

Supporting Research and Technology (SRT) requirements associated with the
Terminated Loop Tethered Interferometer (Instrument No. 30) are listed

below. Full description of SRT items are given in Section 4. 3.

Research and Advance Technology

Investigate techniques for erection of large structures in space (SRT 53).

Advance Development

Assess materials for internal use to determine if rapid aging .
and breakdown are caused by internal atmosphere (SRT 82).

Assess materials for external use to evaluate (1) hard vacuum
effects on materials, finishes, etc., and (2) development of
ptrocessing, handling, and assembly techniques (SRT 83).

3.2.2.6 Development Cost and Schedules

The Phase D cost is shown in Table 3-14, which shows both development and
operations costs. The development schedule is shown in Figure 3-20.

Quantities of equipment required in development are shown in Table 3-15.

75



76

Table 3-14

TASK COST ESTIMATE--PHASE D
Terminated-Loop Tethered Interferometer
Radio Telescope (OASF Instrument No. 30)

($ thousands)

Development total
Engineering
Detectors

Collectors
(2) Antenna arrays (107 ft and 42 ft)

Guidance
(2) Star trackers
(2) Gas systems
-(2) Electronics

Housing

Structure

(2) -Depioyment mech

(2) Tether system

(2) Power system
Experiment package

(4) Tape recorders

(2) Satellite to GRD
comm system

(2) Receivers
Operations total
Flight Instrument
Backup flight instrument
Engineering support

Phase D total

23,600

1,750

3¢

1,250

1, 600

10, 000

9,000

10, 908
7,080
2,835
993

34,508

*Cost item not derived where overall estimate for instrument is not

significantly affected.

1,250

600
1,000

3%

3

2,000

8,000

400
" 600

8,000
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Table 3-15

PRIMARY INSTRUMENT EQUIPMENT LIST--DEVELOPMENT PHASE D
(Terminated-Loop Tethered-Interferometer Radio Telescope

OASF Instrument No. 30)

Quantity
Functional
System .
(Major Bread- | Proto- | Flight
Element) Subsystem Assemblies Board Type Quality
Detectors -—-- - - ---
(2) Antenna arrays
Collectors (107 £t and 42 ft) 2 2 2
Star tracker 1 2 2
Guidance Gas system 1 2 2
Electronics 1 2 2
Structure ---~ 1 2
Terminated . Deployment mech -— 1 2
loop Housing Tether system -—— 1 2
tethered Power system --- 1 2
interferom- -
eter Tape recorders 2 2 2
Experiment | Satellite to GRD
package ~ comm Sys 2 2 2
Receivers 2 2 2
Mockup 1 --- ---
Major _Engineering model -—- 1 -
hardware Project verification ‘
articles - ~model - 60 40 %%
' Qualification model -—- --— 1

#Obtained from subsystem de\_reloprnent quantities.

3.2. 2.7 Instrumentation Section

mentation section.

Radiometer Design Criteria

'The following paragraph contains characteristics associated with the instru-

Operating frequency range, which extends from 50 kHz to 15 MHz, is a range

in which electronic components have been most highly developed. In addition,



the operating environment can be controlled, and there is a store of knowledge
that relates to the survival of solid-state components over the range of
environment to be encountered during the non-operating condition to guide
selection of components. Thus, whether instrumentation requirements indi-
cate an extension in the capability of existing hardware, or new conceptual

design there is a complete confidence in their realizability.

Receiver Design Criteria

Temperature resolution (AT) ovf a radiometry receiver can be written as
AT K
Ta }BT

The equation indicates that resolution of the system can be improved by

increasing either predetection bandwidth (B) or postdetection time constant
(T); predeétection bandwidth will be determined by the frequency resolution
required and postdetection time constant will be determined by observation

time allowed.

To satisfy all radiometer requirements a compromise cannot be made between
temperature and frequency resolution. The logical choice then, is a receiving
system with a wideband front end which, after preamplification, splits the

power to frequency discriminator and power detection circuits,

Receiver Detailed Characteristics

Measurement requirements indicate that both swept and fixed channel receivers
are to be used so that measurements of a dynamic event can be made. Thus
it is anticipated that the entire frequency range must be covered nearly

instantaneously.

Electronics are block diagrammed in Figure 3-21. One sweeping receiver

and 40 fixed tuned receivers are used at the 107-ft antenna.

Output‘at the antenna terminals will be distributed by a broadband multicoupler,
which will provide inputs to the sweeping receiver and the 40 fixed channels.
The sweeping receiver and fixed channels are total power radiometers. Cali-
bration signals will be provided at regular intervals and upon command derived

from recognition circuits.
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Figure 3-21. Block Diagram of Radiometer

The sweeping receiver will be provided with a digitally tuned signal derived
from a crystal-controlled frequency synthesizer, to eliminate the need for
special frequency calibration. The synthesizer will sweep each band in
about 30 steps within 2 sec. Analog output of the log IF and log rf amplifiers
will be converted to a digital number and recorded. Fixed channels can be
manually tuned to spot channels away from rf interference. Bandwidth of
each fixed channel will be 5% of its tuned frequency and the gain of each
channel will be approximately compensated. Bandwidth of the iog IF ampli-
fiers in each sweeping receiver will be 5% of the geometric mean of band
frequency limits. Thus, bandwidths will be 5, 20, 80 and 350 kHz.

Logarithmic amplifiers of the sweeping receiver (log IF) and fixed channel
receiver (log rf) should cover a 50-dB dynamic range. Output of the fixed

channel receivers, which wheén dc coupled to an integrator, will provide

" variable (in the range of 0,001 to 1 sec) integr'ation time constants for fixed

channels. Output of the sWeeping receiver log IF amplifier will be integrated



over a 50 msec period with an integration time constant of 10 msec. Power
resolution of the sweeping receivers will therefore be about 2% and 14% for
high and low bands respectively. Power resolution of the fixed channels
will vary accordingly to the setting of the integrator time constant and band -

width of the channel being monitored.

Output of the fixed channels is used for burst recognition as well as for
burst analysis. Accordingly output of each fixed channel will be connected
to burst recognition circuitry, as well as an electronic commutator whose

output can be digitized and stored on tape or trans<ns1:XMLFault xmlns:ns1="http://cxf.apache.org/bindings/xformat"><ns1:faultstring xmlns:ns1="http://cxf.apache.org/bindings/xformat">java.lang.OutOfMemoryError: Java heap space</ns1:faultstring></ns1:XMLFault>