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PREFACE

The Space Transportation System (STS) and Spacelab represent
Important new capabilities for space science. 	 These new systems, which
will become operational in the early 1980's, will facilitate the launch,

^ retrieval, refurbishment and reflight of scientific payloads. 	 These pay-
loads will be in the form of traditional free-flying spacecraft and as
Spacelab (STS-attached) payloads. 	 This new retrieval capability, coupled
with the large weight-carrying and power capabilities of the STS, makes
possible the evolutionary development of large and complex instruments
and facilities.	 The assembly of complementary groups of instruments

t^ that may be reconfigured from flight to flight to address different
i, scientific problems will also be possible.

The STS and Spacelab are limited in one important commodity- time
in orbit.	 Currently planned Spacelab missions range in duration from 7
days to a possible 20-30 days. 	 However, many of the major space science
instruments and facilities, once developed, will derive considerable
scientific benefit from extended observing periods in space.	 At this

• time such periods can only be achieved through multiple Spacelab
missions or by reconfiguring the instruments to be compatible with

 traditional free-flying spacecraft.

An alternative approach has recently been proposed which may
prove to be a simpler and more cost-effective solution to the problem
of long term flight. 	 This approach involves the use of some form of
orbiting space platform onto which Spacelab instruments can be off-
loaded.	 Power, telemetry and stabilization and other support services,
otherwise provided by Spacelab, would be duplicated by the platform.
This would provide the instruments with a common spacecraft interface.
Once offloaded, the instruments or groups of instruments, would remain
in space for as long as required to achieve their scientific objectives.
They would be serviced or even manually operated during occasional
visits of the STS to the platform. 	 Upon completion of their programs,
the instruments would be returned to earth by STS for possible refurbish-
ment, reconfiguration and reuse.

It is not apparent at this time what form such a platform should
take; how many platforms are required to satisfy the needs of the user
communities; or whether such systems are, in fact, cost-effective
alternatives to multiple Spacelab missions or to a series of traditional
free-flying spacecraft. Thus, there is clearly a need to identify and
quantify the scientific requirements for such platforms so that these
questions may be addressed.
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The purpose of this Workshop is to define the scientific user
requirements for a Space Science Platform. Subsequent definition
activities will involve a number of other offices within NASA. These
include the Office of Aeronautics and Space Technology (OAST), the
Office of Space Transportation Systems (OSTS), and the Office of Space
and Terrestrial Applications (OSTA). The European apace Agency (ESA)
is also interested in possible collaborations in this area. It is our
Intent that by the spring of 1979 the potential user benefits, tech-
nological implications, and cost of space platforms will be identified
and the cost-effectiveness of such capabilities determined. This will
then enable the Agency to decide whether this potentially attractive
addition to the STS system will, in fact, play a role in the follow-
on Spacelab program.

A. Timothy
Assistant Associate Administrator,
Office of Space Science, NASA
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PURPOSE AND OBJECTIVES

The availability of the Space Shuttle Transportation System (STS)
in the 1980's will greatly enhance the capability of the scientist to do
Space Research. With STS the placing of large masses and volume in orbit
as well as the ability to revisit for purposes of refurbishment and
retrieval is possible. Studies are also being conducted on the con-
struction of large structures in space. The Marshall Space Flight Center
(MSFC) and the Office of Space Science (OSS) have been exploring various
preliminary concepts of an orbit..+.ng Space Science Platform (SSP) to
accommodate experiment programs.

In order to ensure proper direction, OSS felt that the participation
of the scientific community at a very early stage of the planning process
was essential. To accomplish this, OSS requested that MSFC determine the
scientific benefits and requirements of an SSP. The University of Alabama
in Huntsville (UAH), with the cooperationof MSFC, undertook to obtain this
information by organizing a Workshop. To this end, UAH invited interested
scientists from universities, private industry and government agencies to
a five-day Workshop at Joe Wheeler State Park Resort, Alabama, for the
purpose of becoming acquainted with the concept of a Space Science Plat-
form and to discuss the scientific justification and requirements for
potential scientific experiments that might benefit from the SSP.

Based on the activities of OSS, the discussions were centered in
the following panels:

High Energy Astrophysics	 !
Astronomy
Lunar and Planetary Sciences
Solar Physics
Space Plasma Physics
Atmospheric Sciences
Life Sciences.

A detailed account of the panel reports is included in the following
chapters. In particular, we wish to draw the reader's attention to the
summary discussions in Chapter I, which will give a general view of those
participating in the Workshop.

As the coordinators of this Workshop, we would like to acknowledge
those scientists whose cooperations made this activity so useful and
successful. In particular, we would like to thank the co-chairpersons,
Dr. A. Timothy of OSS, and Dr. R. O'Dell of MSFC, and the panel chairmen
for preparing accurate panel reports for publication. Also the encourage-
ments of Dr. J. Dowdle, Vice President for Administration and Dean J.
Hoomani of The University of Alabama in Huntsville are greatly appreciated,
as is the support of Ms. Virginia Tomme for facility arrangements. Finally,
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t	 ^- but certainly not least, we would like to give our great appreciation
to Ms. Carol Holladay who served distinguishably as secretary and
typist throughout this activity.

S. T. Wu
The University of Alabama in Huntsville

Samuel H. Morgan
NASA/Marshall Space Flight Center
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CHAPTER I

SUMMARY

by

Charles R. O'Dell
Associate Director for Science

NASA/Marshall Space Flight Center
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The scientists participating in the SSP Workshop were able to
identify many applications of a space platform to their disciplines
and several examples of where their science could be done uniquely
well.

Very clearly, experiments done while attached to the Space
Shuttle will have important limitations due to the relatively short
flight duration, low duty cycle, and power, mass and volume constraints.
These limitations would prevent realizing many of the scientific goals
set by these scientists even though the state of technology of detectors,
stabilization and cryogenics would allow the necessary measurements to
be made, given the appropriate vehicle. The workshop participants did
not attempt to evaluate other alternatives to Shuttle attached operation,
such as standardized spacecraft, or to evaluate the cost of various
recommendations but were directed to assume the position of characrerizing
the utility of Space Science Platforms and of separating out only a
relatively few experiments that clearly and naturally fell into the major
facilities category. Space Science Platforms have enormous potential
during the 1980's and beyond; however, NASA may wish to assess other ways
of achieving some of the experiments projected here.

There was a spectrum of enthusiasm for the SSP that ranged from
the position that platforms would be useful to identification of plat-
forms as the logical and most desirable way of carrying out the
scientific goals of their disciplines. The overwhelming assessment of
the Workshop participants was that the Space Science Platform concept
should be studied further.

The Workshop participants assumed that their task was to generate
requirements for Space Science Platforms rather than defining experiments
compatible with the engineering concepts shown at the beginning of the
meeting. This was both an advantage and a disadvantage. It allowed
relatively unconstrained consideration of what the scientific disciplines
really needed but also meant that the practical boundaries had to be pre-
sumed and the audacity of each discipline panel certainly varied.

It is now NASA's responsibility to tie the requirements generated
into a practical Space Science Platform concept and the potential user
community of scientists should be apprised of the results. This is a com-
plex task, for many different requirements were identified, some apparently
mutually exclusive. Clearly, a variety of Space Science Platforms would
be required for all of the experiments and programs identified.

There are eight areas that characterize the Space Science Platforms
envisioned. In some cases there are mutally exclusive requirements, in
other there is a continuum of possibilities. The requirements in these
various areas need to be met in some combination for all of the experiments
and programs identified here. These areas are: Experiment Interface,
Orientation, Orbit, Power, Service Dependence, Stabilization, Duration
Man Dependence.

2	 ,F



Exile, riment Interface means what interface requirements are placed
^.	 on the experiments. This could mean Space Science Platforms which simu-

late the interface conditions of the Space Shuttle Orbiter bay and Space-
lab, thereby allowing the low cost use of Shuttle experiments after they
have initially been used for short duration missions or checkouts. It
could also mean standardized interfaces for the SSP that differ from
Shuttle but offer greater economy or the potential for different experi-
ments. Finally, i s could mean one of a kind interfaces for highly

t.	 specialized experiments.

Orientation means the primary frame of reference for alignment of
the SSP s. There seem to be two basic needs: the Celestial, where the
sun or some other celestial object is the primary target and it is
necessary to keep the SSP fixed in an inertial reference frame and the
Terrestrial, where the earth and its immediate environment is the subject,
in which case one wishes to maintain a fixed orientation with respect to
a vector from the earth's center.

Orbit is characterized by Altitude and Inclination. Some experi-
ments wish to have low altitudes and inclinations, thus minimizing the
effects of the radiation belts, while other experiments wish high altitudes
and even eccentric orbits to cover a variety of altitudes, latitudes and
local times. Some disciplines require high inclinations in order to cover
the earth while solar experiments want polar orbits to allow more continuous
viewing.

Power requirements will vary enormously. Some experiments will
require a few hundreds of watts, others would require the full capability
of Shuttle (a few kilowatts) and some will exceed the Shuttle capability
by an order of magnitude.

Service Dependence will vary enormously. Some experiments foresee
use of expendables such as cryogenics or film, which has a limited life-
time in orbit due to particle fogging. These experiments may require
Shuttle visits monthly or every few months. Other experiments will be
free of these constraints and need the Shuttle only at the start and
completion of a mission.

Stabilization means the short timescale variations in the orien-
tation. It was assumed that where extremely precise stabilization is
required, it would be provided by the instruments themselves; however,
there would be distinct advantages in providing platform stabilities in
three levels: a few arc seconds, a few arc minutes and a few degrees of
arc. Some experiments are very sensitive to forces and a microgravity
must be provided.

i^
r

Duration requirements can vary enormously between experiments.
Some must have flights of many months in order to gather enough photons,
to map a sufficient area or even to cover the natural timascale of the
astronomical, terrestrial or biological phenomenon being investigated.
Others can be done in shorter periods, but generally longer than Shuttle
missions.

3
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Man Dependence ranges from the dependent, through the indifferent 	 j
to the undesirable. Clearly many life sciences studies require man's
presence as either a manipulator or subject, and his presence can simplify
the design of many other experiments. Some experiments can tolerate the
presence of man and could be performed independent of him. The presence
of man would be undesirable for other families of experiments due to the
stabilization and contamination problems that usually accompany him.
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CHAPTER II

HIGH ENERGY ASTROPHYSICS PANEL

t-

Panel Chairman: Arthur B. C. Walker, Jr., Stanford University

Panel Members:	 Gerald Fishman, MSFC

i_	
Paul Gorenstein, SAO

i	 Allan Jacobsen, JPL
Louis Kaluzienski, NASA Headquarters

j -	Dietrich Mueller, University of Chicago
i	 Robert Novick, Columbia University

Panel Liasion (MSFC): Martin Weisskopf
i
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1. SUMMARY

An effective program in High Energy Astrophysics requires both
observatory class facilities and individual principal investigator class
experiments. Within the content of these two approaches we have con-
sidered the potential role of space platforms, and have attempted to
identify those investigations for which a platform would be suitable or
desirable, and those investigations for which a dedicated free-flyer would
be preferable. In particular, we have considered four distinct classes of
automated (i.e., unmanned) free flying spacecraft:

Dedicated free flying observatories (e.g., GRO, AXAF,...)
Small single discipline platforms (3-4 shuttle pallets)
Large multiple discipline platforms (4-20 shuttle pallets)
Large platforms assembled in space (up to 100 m).

We consider the term "space platform" to include the last three classes
above.

We believe the space platform concept is compatible with the re-
quirements of a significant number of high energy astrophysics experi-
ments which require extended observing time. Since the duration of a
single shuttle flight is restricted to a maximum of fourteen to twenty
days, shuttle attached high energy astrophysics experiments cannot
achieve either the sensitivity or the comprehensive observational
programs required to fully meet the scientific objectives of the disci-
pline. A shuttle class instrument which is flown on a long duration
space platform would not suffer from these limitations. The shuttle
attached mode should be regarded as a proving ground to verify the
scientific value and performance of various experiments before extended
operation on a platform. It is important that the platform interface
and the Spacelab interface be compatible, so that Spacelab hardware can
be directly utilized for extended life missions on the platform without
significant additional integration costs.

In each of the sub-disciplines, X-ray and EW astronomy, gamma
ray astronomy, and cosmic ray astronomy, we have identified investi-
gations whose requirements for weight and volume are so large that they
can only be accommodated on a large space platform; we have identified
other investigations for which the space platform is an alternate but
not necessarily the preferred mode of flight, and finally we have
identified certain investigations for which the space platform would 	 'E
offer no advantages and would be less desirable than a single dedicated
spacecraft. In Table 1.1, we have compiled a reasonably comprehensive
review of the high energy astrophysics missions envisioned in the disci-
pline Five Year Plan; we have attempted to match these missions to the
four classes of free flyers we have established. Note that several of
these instruments listed in Table 1.1 are modular (LAMAR, XRSE, XRTE),
and can be expanded, or enhanced over a period of time by Shuttle re-
visits to a free flying platform.

I
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We do, however, have some concerns about the space platform con-
cept as presented to the study panel in the briefing documents. 	 Since
X-ray and EUV experiments require 	 high accuracy, pointing; we are con-
corned that if flown on a space platform containing a manned habitat the
continual motion of the man would prevent the attainment of the required
experiment performance.	 On the other hand, a number of high energy astro-
physics experiments (notably cosmic ray and gamma ray experiments) re-
quire minimal or no pointing capabilities and do not utilize the large
range of resources and consumables that will probably be available on a
large space platform. 	 The cost-effectiveness of using the platform must
be carefully considered in these cases.

We are also concerned that any attempt `o combine manned life
_ science experiments with high energy astrophysics experiments on a

single platform would lead to the imposition of severe man rated safety
requirements on the design and integration of the experimental hardware.
We strongly recommend that high energy astrophysics experiments be
accommodated on space platforms reserved for non-manned experiments.

We conclude that the space platform concept offers important,
and in some instances, unique advantages to certain experiments in
high energy astrophysics, we must however, emphasize that certain key

` investigations in a particular discipline may be best performed by
conventional free flying -satellite observatories.

2.	 INTRODUCTION

:.w High energy astrophysics is the study of radiations of energy
greater than -0.04 keV °rom cosmic objects. The radiations are in

r general of relatively low intensity and highly penetrating, but not
? sufficiently so to penetrate the earth's atmosphere.	 For these reasons,

the history of the research is intimately connected with the develop-
_ meat of the space program and the instruments are of necessity large

and massive.	 Research in the high energy region encompasses a wide
variety of instrumental techniques and for this reason divides naturally
into the subdisciplines of X-ray and EUV, gamma-ray and cosmic ray

" astronomy.	 Within the discipline, spanning and unifying the sub-
_ disciplines are some of the most important current astrophysical problems,

including stellar structure and evolution into such intriguing objects
as novae, super novae, neutron stars and black holes; the synthesis and
distribution of the elements; the acceleration and distribution of the
cosmic rave; the nature of bursting, flaring, pulsating and transient
objects; the structure and.evolution of galaxies; and,.cosrolog;-.

a

The progress of the various sub-disciplines is determined by the
flax intensities and the ease of detection techniques. 	 These are not

uniform across the discipline and consequently progress has not been
uniform across the discipline. The progress that has been made, however,
is uniformly important and exciting.

2.1	 X-Rayand EUV astronomva
The rapid development of X-ray astronomy during the past 13 years,

o and the recent discovery of sources which radiate strongly in the extreme
ultraviolet has major implications for a wide range of fundamental
problems in astrophysics.

d^
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X-ray astronomy is on the threshold of a new phase in its develop-
ment, which will exploit the early development of the discipline by: (1)
the use of X-ray optics, which will extend sensitivity and angular
resolution achieved by two orders of magnitude, (2) the use of spectro-
scopic and polarimetric observations, which will provide critical tests
of detailed physical models, and (3) deep sky surveys which will allow
the structure of the galaxy, and of the universe to be studied by
determining the distribution of faint sources and hot diffuse matter. A
planned extreme ultraviolet survey should firmly establish observations
in that part of the spectrum as an integral part of the discipline.

:Major astrophysical questions which will be addressed in the next
decade include:

e The structure of compact stars and other highly evolved stars
• Searches for black hole candidates
• The evolution of stars in close binary systems
• The structure of the coronae of main sequence and dwarf stars
• The chemical evolution of the galaxy. The structure of the

interstellar medium
• The evolution of supernovae remnants
• The detection of supernova explosions
• The nature of the emission process in active galaxies
• The origin and evolution of the ! got gas in clusters of galaxies
• A search for evidence indicating tae presence of a hot inter-

cluster medium
• T..e nature and evolution of objects at large distance in the

universe.

In order to fully exploit the opportunities which X-ray and EUV
astronomy present cor the study of major astrophysical problems, a program
utilizing major free-flying X-ray obse r7atories, Explorer-class free
flyers, major Shuttle-attached facilities and PI class experiments, and
rocket and balloon-born experiments has evolved, and is detailed in the
High Energy astrophysics Five Year Plan.

Three major free-flying observatories have been identified. The
first, the Advanced X- Itay Astronomy Facility (AXAF) should provide a
3-fold increase in resolution and a 30-fold increase in sensitivity
over the first major X-ray observatory, HEAO-B, which will be launched
in late 1918. The other major observatories which have been identified	 1
will compliment and extend the observational capabilities of AXAF by
providing enhanced sensitivity (by an order of magnitude) for the study
of diffuse features and faint sources (the large area modular array
reflector facility or LAMAR) and enhanced sensitivity and resolution for
spectroscopy, polarimetry and selective deep-sky surveys (the X-Ray
Astrophysics Observatory or XRAO). These major dedicated observatories
are expected to have useful lifetimes measured in decades. It is
difficult to foresee how their missions could be accomplished on multi-
purpose space platforms.

14



Four Explorer-class free-flyers have been identified by the X-ray
astronomy community:

(1) A first EUV survey intended to greatly expand the catalogue
of extreme ultraviolet sources (EUVE).

(2) An X-ray timing mission intended for the study of compact
galactic sources (XRTE).

(3) A spectroscopy mission intended to study the emission lines
and absorption structure in galactic and extra galactic sources due to
atomic processes in highly ionized iron (XRSE).

(4) A survey at sof t X-ray and EUV wavelength intended to extend our
knowledge of the luminosity functions of all major classes of X-ray
sources (SXSE).

These missions have complex observing programs and anticipated
lifetimes from 2-5 years, and would appear best suited to dedicated free
flyers.

The major Shuttle attached facilities identified include an early
version of the LAMAR telescope, major spectroscopic and polarimetric
facilities, and a high resolution moderate area X-ray telescope for
specialized studies of extended objects and the development and testing
of new focal plane instruments. All of these facilities (with the
exception of the high resolution telescope) are prime candidates for
the extended observational programs which the space platform concept
makes possible. Additional facilities, which are not easily accommodated
on the Shuttle due to limitations of observing time or of physical size
would also appear to be well matched to the capabilities of the space
platform. A prime candidate is a2 to 4ineter diameter X-ray telescope of
long focal length. Such a device, containing focal plane instrumentation
for high resolution imaging ana spectroscopy and polarimetry is the
natural follow on to AXAF. Other facilities include an all sky X-ray
monitor, which is especially important to the study of compact sources
and transient sources within the galaxy, and instruments intended to
allow imaging of extended hard X-ray sources and to achieve very high
(0.01") angular resolution. In addition, all PI class X-ray Shuttle
instruments would be greatly increased in effectiveness by the longer
and more efficiently used observing time which the space platform con-
cept makes possible.

2.2	 Gamma-Ray Astronom

Gamma-ray astronomy presents the opportunity to observe directly
the radiations resulting from nuclear interactions, and high energy and
explosive processes in near-by, as well as remote parts of our galaxy
and the Universe. These processes are connected to some of the most
important problems in astrophysics and the potential rewards of gamma-
ray astronomy are beginning to be realized as it moves from the discovery
phase to the exploratory phase. The problems addressed include the nature
of compact objects such as neutron stars and black holes; the structure of
supernovae and the sites and modes of nucleosyntresis; the origin and
distribution of cosmic rays and their present effects on galactic structures;
the nature of interstellar gases and dust, and perhaps cosmology.
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The low energy gamma-ray region is unique in that it contains	 t

the line emissions that are the signature of specific nuclear processes 	
li

taking place in an astrophysical setting. Mechanisms for production of
discrete lines include production of radioactive nuclides, direct
excitation of nuclear energy levels, neutron scattering and absorption, 	 T
positron-electron annihilation, and cyclotron emission from electron
transitions in strong magnetic fields.

It is also of great current interest to study in more depth the
recently discovered low energy (— 100 keV) gamma ray bursts, whose
origin remains a mystery. The next step in this research should be to
obtain good position information combined with detailed time profiles
and energy spectra.

Gamma rays resulting from vro decays following cosmic ray inter- 	 "r
actions allow study of the far side of the galaxy and of dense spiral
arm segments which are difficult to see at other wavelengths. With
improved sensitivity, gamma ray astronomy also has the capability of 	 T

studying the cosmic ray matter distribution in other galaxies.

Gamma ray astronomy can provide direct answers to questions
relating to the origin of cosmic rays by identifying the locations of
discrete sources and studying these sources in detail. Gamma rays have 	 4

already been observed to be coming from pulsars that are supernova
remnants, thereby indicating the presence of relativistic particles
in association with these objects.

Exciting results in gamma-ray astronomy have already been obtained
with satellite experiments on board OSO-3, OSO-7, Vela, SAS-2, and COS-B.
These have clearly established:

• A general emission of high energy gamma rays from the galaxy,
which is correlated with galactic structure but shows greater center-
to-anticanter contrast than the matter distribution.

• Emissions from specific points or localized sources such as
radio pulsars, Cygnus X-3, and other regions yet to be identified at	 j
other wavelengths.

'0

A  diffuse high galactic latitude radiation which consists of
two components, one a relatively local galactic component and another
with a markedly steeper spectrum.

• That gamma ray lines are produced in solar flares by solar
cosmic rays.	 4+

• That unidentified astrophysical source(s) produce strong bursts
of gamma rays ( — 100 keV) that are observable several times per year. 	 t

In addition, balloon experiments using high resolution spectro-
meters have recently provided strong evidence that:

• A strung emission line precisely at 0.511 MeV is emanating
from the galactic center region and,

• A twenty-minute long transient burst of gamma rays occurred
which yielded primarily gamma-ray lines at several discrete energies.

r
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	 New results in the low energy,.	 gy gamma-ray region are expected from
the scintillation detector presently in orbit on HEAD-1 and from the
high resolution solid state spectrometer to be flown on HEAO-C in 1979.
The primary thrust beyond these missions is the Gamma -Ray Observatory

•	 (GRO). A comprehensive payload was selected and announced in August
1978. The large instruments selected fit naturally together on a large
spacecraft because there is the desire to point all of them at the same
regions of the sky,and there is a strong scientific advantage to having
data collected from the same objects over the entire gamma-ray energy
spectrum at the same time. The scientific return from the GRO mission
is expected to be bountiful both intrinsically and in terms of its
benefits to other fields of astrophysics.

3

	

	 Since the recently selected experiments for GRO represent the
state-of-the-art, the next generation of gamma ray experiments can best
be characterized as scaled up versions of the GRO instruments.

e They require low altitude, low inclination orbits.
e They are large, massive instruments.
* They have modest pointing and stability requirements (— 0.1

degree).
o They are highly automated and require no real-time manned

operation.
• They are not susceptible to gas and particulate contamination.

16	 • They have modest thermal, vibration and acoustic requirements.
e Some will certainly require cryogenic support.

2.3	 Cosmic Ray Physics

The cosmic particle radiation encompasses the nuclei of all known
elements, from protons to the actinides, as well as electrons and posi-
trons, and covers energies from the MeV rgion up to the highest
energies encountered in nature, around le eV. Studies of the flux
intensities, energy spectra, composition (both elemental and isotropic),
and arrival directions of cosmic ray particles give information on a
wide range of astrophysical phenomena.

The origin and acceleration of cosmic rays is intimately connected
to nucleosynthesis processes in stars and to violent phenomena such as
supernova explosions. The propagation of cosmic rays through inter-
stellar space and their containment in the galactic magnetic fields.
are governed by the properties of the interstellar medium. The
cosmic ray gas, with an energy density of about 1 eV/cm 3 , strongly
contributes to the dynamics of the galaxy. Cusmic rays also serve
as probes for the properties of the heliosphere and of interplanetary
space, and of the Earth's magnetosphere. Locally, the acceleration of
cosmic ray particles can be observed in solar flares and in the magneto-
sphere of Jupiter and, perhaps, other planets. Finally, we should
mention the traditional importance of cosmic ray observations for
high energy physics phenomena at energies that are not accessible with
accelerators can earth.

17
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Shuttle-launched experiments which are inside the magnetosphere
and below the radiation belt lend themselves toward studies of the
galactic cosmic radiation at relatively high energies; i.e., n the
GeV-region and above. :1 tudies of solar and interplanetary effects can
only be performed outside of the magnetosphere. Only if t:,e Shuttle
is used as a launch platform for high orbit free flying satellites,
will we be able to utilize the Shuttle system for cosmic ray research
at lower energies. We shall not discuss here the many exciting obser-
vations to be made in this region.

For the galactic cosmic radiation, the following goals appear to
be presently at the center of interest:

(1) The elemental composition and energy spectra of the
individual cosmic ray species, from hydrogen to iron, at very high
energies.

(2) Abundance distribution of the ultraheavy cosmic rays, from
iron to uranium, and including a search for transuranium elements.

(3) '.sotopic composition of various elemental species of the
cosmic radiation.

(4) Flux and energy spectra of electrons and positrons at very
high energies.

Details of the scientific significance of these observations and tech-
niques to implement successful measurements will be discussed in Section
4.3 of this report.

At the present time, most of these areas are in an active
exploratory phase using high altitude balloons. Also, a few experiments
are under development for exposure onboard HEAO-C, LDEF and the Space
Shuttle. However, the next and more ambitious generation of experiments
should lead to definitive and more accurate results than presently
feasible. The experimental technology for such future endeavors is
already well developed in many cases. Instruments of very large area
(up to 20 m2 SR), with weights of several tons, for long periods of
time (> 1 year) are required. A Cosmic Ray Observatory (CRO), is now
in an early state of definition. Besides weight, size, and exposure
time, the requirements of most cosmic ray experiments are modest: no
precise pointing (but the instruments mLst face away from earth), no
man-activities, power _< 500 W, telemetry -10-100 Kb/sec.

3.0	 The Role of Shuttle-Attached Payloads and Space Platforms

The requirement of all high energy astrophysics instruments for
long observing times makes free flying satellites or platforms our
preferred mode. The major facilities required for the discipline are,
we believe, best implemented as dedicated free flying observatories. A
number o: missions with specific observational objectives, also appear
to be most compatible with dedicated free flyers.

We view the role of Shuttle-attached payloads as primarily a
mechanism for the development and testing (with specific observational
programs) of instruments which will be placed on platforms or dedicated
free flyers with projected operational lifetimes of at least one year.

c

i
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It is difficult to discuss the :ole of space platforms in high
energy astrophysics without some refinement of the general concept of
platforms. For the present discussion, we will assume that NASA is
considering four distinct types of :roe-flyers or platforms to carry
out scientific investigations. Theta classes of free flyers, with
examples of each, are summarised in Table 2.1. We can identity a role
for space platforms in two situations.

(1) Providing extended observing time for facilities and P.I.
instruments which have been successfully operated on the Shuttle for
specific observational programs (observation of a single source, etc.).

(2) Accommodating facilities and instruments which ara too large
or too massive for Shuttle attached operation, or dedicated free flyers.

Table 2.1

	

Typical	 Typical

class	 Examples	 Type	 No. of	 Experiment
Experiments	 Site

I.Dedicated Free-	 GRO, AXAF, CRO Subdiscip-	 1-5	 lm - 160m

Flyers (Obaer-	 lira
vatorios,
-Explorers)

	

11. Small Space	 3-4 pallets	 Discipline	 ;-10	 lm - 3m

Platforms	 or Related
Discipline

III.Large Space	 10-17 pallets	 Mul:i-	 10-20	 lm - 10m

?latforms	 Discipline

IV.Space Fabri-	 Large Space	 Kul ti-	 > 20	 lm - 100m
sited	 Truss	 Discipline
Platforms

In order to accomplish the first rola, it is imperative that the
Interface and environment for Shuttle attached payloads and for space
platform paylos is be as nearly idoctical as possible. All of t::e fore-
seeable high antnly astrophysics inst:uments, both facilities and PI
developed, are at lasst of order one half ?ailet in size, and can
accomplish a vide range of observational objectives. The extended

observational time which can be provided by a platform (or free-flyer)
is scientifically important, and cost effective.

In order to accomplish the second role, :he capability to assemble
large structures in space is ne:eisar?. For these structures, the plat-

form environment could be significantly different from that of a Shuttle

pallet. For example, facilities to temporarily accommodate astronauts
may be rsquired. In some cases, a :apabiliL •,• to monitor, and re-establish

alignments automatically, or by remote control, may be required.

19



1 41

Y
t
l

I

f
d

	

`	
a

	

•	 5

In Table 1.1 (continued in the Summary), are tabulated the major
observational programs which we have been able to identify. We have
attempted to match experimental requirements to the space platform con-
cept, based on a small number of basic &&sumptions. Before we can fully
assess the feasibility and desirability of performing high energy astro-
physics experiments on a Shuttle supported space platform, a number of
important questions must be answered. These include:

e Will there be more than one platform to accommodate differing
orbital requirements?

e To what extent will pointing and stability be affected by
movements and thermal distortions in other points of the platform?

e Will a large multi-disciplinary platform require a lengthy
and costly integration effort due, for example, to mutua! interferenaa
and contamination?

• How many independent pointing platforms can be reasonably
acco=odated on a large platform?

e How long can individual experiments remain in orbit (5-10
years desired for some experiments)?

e Will the presence of a manned capsule require costly and
elaborate man rating of experiment components?

e To what extent will the costs of a large platform utilize
funds which would otherwise be available for experiments or dedicated
observations?

e Is it feasible to consider the assembly of large modular arrays
such as LAMAR over a period of time by revisits to a dedicated High
Energy Astrophysics Platform? (We assume that modular arrays would have
relatively modest requirements on co-alignment •arc minutes).

e Is the resupply of counter flow gas and other consumables by
the exchange of storage tanks of experiments on a platform thought to
be a feasible and cost effective operation?

• What are the trade-offs between sizing of consumable storage
facilities and built-in redundancy (multiple detectors, etc.) and re-
supply and replacement?

It is reasonable to expect space assembled structures to be
used as "optical benches" for very long (t 100 m) focal length tele-
scopes, if mirror arrays or coded apertures carried aboard the Shuttle
for installation in space? (We assume the inclusion of an active alignment
monitoring and correction capability which is automated or can be opetAted
by remote control.)

4. INSTRUMENTATION FOR SPACE PLATFORMS

We have identified two enamor categories of instruments which are
suited for a space platform, although the platforms required are vastly
different in conception. The first category involves extending the life-
time of Shuttle attached experiments by means of a platform capoble of
accepting spacelab pallets. We briefly describe these experiments in
this section. These instruments have been described in detail in the High
Energy Astrophysics Five Year Plan and in Shuttle-Spacelab documentation.

t	
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11.

The second class of platform experiments are those that involve
structures too large in either weight, or volume to be accommodated in

; t	a Shuttle launched free flyer: i.e., these experiments must be assembled
in space. In this section we have also provided brief descriptions of
such experiments and of their scientific rationale; we have also
specified their engineering requirements in Table 4.1.

s

s	 ._ 4.1	 X-Ray and EUV Astronomy

4.1.1 LAMAR. The Large Area Modular Array of Reflectors (LAMAR) will
be developed as a Spacelab facility in X-ray astronomy. Its objectives
encompass a wide variety of studies in high energy astrophysics with
particular emphasis on: (a) the deep all sky survey, (b) the detection
and imaging of diffuse emission, (c) time variations in faint sources, and
(d) non-dispersive spectroscopy combined with imaging. The major features
of the LAMAR are large collecting area, good angular resolution to avoid
source confusion, and a modular concept. The effect of modularity is
to reduce technical complexity, facilitate testing and integration,
and allow an evolutionary development with substantial growth potential.
It is clear that a single seven day Shuttle mission or a series of short
duration missions will provide sufficient time for only a small fraction
of the possible studies that researchers will wish to carry out with
the LAMAR. A very large LAMAR can be built up over a period of many
years by adding additional modules of 10" cm2 aperture through a series
of Shuttle launches. Since this is a modular instrument, observations

^-	 can be carried out through this entire period.

The LAMAR itself consists of banks of grazing incidence X-Ray
telescopes either of the Bacz-Kirkpatrick or Wolter Type I design. The
focal length of each telescopes are relatively short, i.e., of the
order of 3 meters so each module easily fits into the Shuttle bay. The
detectors can be either imaging proportional counters or solid state
devices. The individual telescopes do not have to be precisely co-
aligned within a module. The detailed instrument requirements are given
in Table 4.1.

4.1.2 Spectroscopy. Spectroscop i c observations are critical to the
development of detailed physical models of several major classes of X-
Ray emitting objects, as well as to detailed studies of such parameters
as abundance, velocity, optical depth and density. Objects with narrow
emission lines include supernovae remnants, stellar cornae, the hot
interstellar gas, and clusters of galaxies. The study of these objects
will require dispersive spectrometers with high resolving power. Lines
in compact sources will be broadened so non-dispersive instruments with
moderate energy resolution, but with high time resolution are more
appropriate for the study of these objectives. Little is currently
known about the details of the acretion disc dynamics and stability in
these objects. Spectroscopic observations are also required to provide
data on ionization states and velocity patterns in accretion discs.

r
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	 Since the spectra of supernovae remnants in the adiabatic phase
are expected to be dominated by narrow emission lines, analysis of line
intensities can provide information on thermal structure and composition
within the remnant. Since supernovau remnants are significantly extended,
their surface brightness is low and the study of structure in these
objects makes substantial demands on instrument sensitivity as well as

y	 resolution.
c

The spectra of several classes of stellar galactic sources, coronae
of normal stars (Capella, Alpha Centauri), flare stars (UV Ceti, Ross 882),
hot white dwarfs (HZ43) and the central stars of planetary nebulae, and
extended enhanced regions in the interstellar medium, should contain
narrow lines. In the case of stellar atmospheres, temperature, composition
and density can be inferred from relative line intensities and models of
stellar corona and transition regions can be tested.

Spectroscopy of active galaxies, e.g., Seyfert galaxies, radio
galaxies and quasars is an exciting area of investigation. The low
intensity of these sources will demand instruments of very high sensitivity.
A search for the presence of cool material in the vicinity of 3C273, for

j	 example, could provide a significant test of some quasar models.

The discovery of iron line radiation in clusters has profound
implications for theories of the origin and heating of the hot inter-
cluster gas responsible for the X-ray emission of the clusters. Lines
in cluster sources may be narrow and the line intensity may show signifi-
cant structure within these extended sources.

There are requirements for both moderate resolution (AE -150 eV)
and high resolution (AE < 25eV) spectrometers for X-ray astronomy. The
moderate resolution instruments can make use of collectors and non-
dispersive spectrometers (i.e., cooled, solid state detectors) and can,
consequently, achieve a much higher sensitivity per unit area of aperture
than can higher resolution instruments. Sources which are known to have
narrow lines (such as supernovae remnants and cluster sources) will
require the high resolution inherent in crystal and grating spectrometers;
the diffuse nature of such sources will make extreme demands on instrument
sensitivity. The observing times required for even a single observation
with instruments of large aperture strongly argue for the need for a long
duration capability. High resolution spectrometers will make use of
focusing crystal configurations or of post crystal concentrators, and
will require accurate pointing. Detailed specifications for both types
of spectrometer are given in Table 4.1. Spectroscopic instruments can
be modularized, since observations in different parts of the X-ray and
EUV spectrum will require different instrumental approaches. A
comprehensi-•e X-ray and EUV facility could be built up over a period of
time by the addition of such modules.

4.1.3 Polarimetri • At the present, polarization has been observed in
two cosmic X-ray sources, the Crab Nebula and the compact source Cyg X-2.
The Crab polarization results are now well established and are not un-
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expected. The Cyg X-2 result is less well established and will require
a substnatial improvement in instrument sensitivity if it is to be posi-
tively confirmed and refined.

Polarization is potentially important in two types of sources:
objects with strong magnetic fields (pulsars) and those in which asym-
metric scattering in a thick plasma is important. Accretion discs in
binary systems fall into the latter category. The level of polariza-
tion expected for binary systems is small, between 0.5 and 3.2 percent
for one model of Cyg X-1, but can provide a unique mechanism to test
detailed models of accretion disc structure. Models of emission mech-
anisms in pulsars predict levels of polarization of a few percent in
the pulsed component of the radiation. Polarization measurements in the
repetitive burst sources, such as MXB 1730-335 may prove crucial to the
testing of X-ray emission models for these objects. The energy dependence
of the polarization will provide a unique observational test for the
presence of a rotating black hole.

If we require that 1 percent polarization must be detected in
one day for sources of strength 1000 Uhuru counts * , an instrument of
10" cm aperture is required, assuming a focusing collector is used as
the polarization sensitive element.

Alternatively, polarization studies can be accomplished with a
large collecting area of Bragg reflecting cyrstals which functions as
both the polarizer and the focusing device.

4.1.4 Large High Resolution Observatory (2.4 meter or larger telescope).
High resolution observations are an important component of the program in
X-ray astronomy. The first of these observatories, HEAO-B, which contains
a telescope of 0.6 m diameter and a focal length of 3.5 m is scheduled
for launch in the fall of 1978. The next generation observatory is the
Advanced X-Ray Astronomy Facility (AXAF) which will have a 1.2 m diameter
and a 10 m focal length. AXAF will be launched as a free flying
observatory in the mid 1980's. Although results are not yet available
from HEAO-B, it is evident that a high resolution X-ray observatory will
be needed beyond AXAF. At this time it is not clear what form this
observatory should take, that is whether it should have a single telescope
of 2.4 m dia or larger with a 20 m or longer focal length or consist of
an array of smaller telescopes.

This observatory must have sub-arc-second resolution and will have
a variety of complex focal plane instruments. The observatory will have
special requirements for mechanical and thermal stability and the require- 	 E
ments for cleanliness will exceed those of other high energy astrophysics
payloads. The size requirements of a large high resolution observatory
are beyond the capability of a single Shuttle launch, a system of
multiple Shuttle launches with on-orbit assembly of the observatory
is needed.

*1 Uhuru count/sec - 1.7 x 10 - " ergs/cm 2 sec, 2-6 keV.	 ►
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4.1.5 Large Area Timing Experiments. One of the major developments in
the field of X-ray astronomy has been the discovery that the X-ray sky
is highly time variable. The observed variability spans a vast range of
scales and categories from the 33 m sec periodic pulsations of the pulsar
in the Crab Nebula to the months long decay time of some of the X-ray
transients. The discovery of the X-ray bursters has added another
category of time variability to this list. It is important that detailed
studies of the time variability of both the galactic and extra-galactic
sources be extended both in sensitivity, time resolution, and energy.
An important objective of this type of observation will be the study of
compact stars in close binary systems, and the search for very rapid
time structures which is thought to be characteristic of black holes.

X-ray timing experiments covering the energy range from 0.1 keV to
several tens of kilovolts can be accomplished by a variety of instrumental
techniques; the majority of which are well within the current state-of-
the-art. Examples are modular arrays of grazing incidence telescopes with
imaging detectors (LAMAR) or a single large area grazing incidence tele-
scope (LAXC) with long focal length and moderate spatial resolution and,
for the higher energies, a modular array of gas (or possibly gas
scintillation) proportional counters. One common feature that all the
experiments must share is large effective areas in order to extend the
sensitivity substantially. In Table 4.1, we have described the
characteristics-of a large area gas counter and scintillation (XRTS),
which the X-ray community regards as the highest of high priority
missions. An experiment of this type lends itself well to a modular
approach, and could be enlarged by additions of other modules after
initial development.

4.1.6 All Sky Monitor. Time variations are characteristic of essen-
tially all galactic X-ray sc:.rces. They occur on virtually all time
scales; it is not feasible to study the full range of time variations
with a single instrument. One of the principle objectives of this
field involves monitoring the long term intensity changes of sources
on time scales of minutes to years. Such monitoring must track all
the brightest sources simultaneously and be capable of detecting the
appearance of the transient X-ray sources. These studies may be accom-
plished with an all sky monitor that has the following characteristics:

(1) distinct resolution cells of a square degree over the entire
sky to avoid source confusion

(2) effective area of about 4 cm for each cell as part of a 120 cm
x 120 cm position sensitive detector

(3) energy range 0.1 to 30 keV (r.r: .'_ to 30 keV with less technical
difficulty using sealed counters)

(4) observing times of several years
(5) need for inertial stability of 0.P min

These observations can be accomplished, for :.Xample, with a set of simple
pinhole cameras that each cover one steradian of sky. A resolution cell

i-
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size is 1° x 10 and has a dimension of 2 cm x 2 cm.	 Background in each :i

cell is very small.	 A set of these pin hole cameras could be mounted on
a space platform for years of uninterruped observing.	 The instrument 1	 `

described above should be considered representative of a class of instru-
ments which are capable of achieving tha scientific objections. 	 There
are also other categories of all sky monitors such as those designed to
study the nature of - and locate the origin of - X-ray bursts.

4.1.7	 Large Area X-Ray Collector (LAXC). 	 A large area X-ray collector
(LAXC) is well suited for flight on the large space assembled platform.
Such an instrument would consist of a grazing incidence lens and a
complement of selectable focal plane instruments.	 The primary focal
plane instruments will be imaging proportional counters, non-dispersive
spectrometers, and polarimeters. 	 Such an instrument can be used for i
deep sky surveys, for the determination of the time structure of weak
sources, and for the determination of the spectra of both discrete and
extended weak sources. 	 A particularly interesting problem would be the ++^
study of the structure of the hot interstellar gas. 	 The size of the lens t	 3
would be limited by the size of the Shuttle bay. 	 If the lens is launched
as a single entity, then the aperture could be'4.5 m x 4.5m. 	 With a 75m
foot length, and a spatial resolution of 1 arc minute, one would achieve
a sensitivity of 10-14 ergs/cm -sec (10 3 photons /cm -sec at 1 keV) with
an observing time of 1,000 sec.

i

The advantage of this device is that it could be used with diverse
t

focal plane instruments that do not require high angular resolution but
do require a large collecting area.	 Such an instrument would require
assembly and alignment in space after launch. 	 The sensitivity could be
improved by the addition of more collector modules after initial deploy-
ment.

4.1.8 High Angular Resolution and Hard X-Ray Imaging Experiments. There 	 ?
are a variety of classes of X-ray sources which show finite angular extent
at X-ray energies (0.1 to 50 keV). To date these include supernova remnants,
active galaxies in clusters, clusters of galaxies, and possibly super-
clusters of galaxies. The angular scale of these objects ranges from
several arc seconds to order a degree or more. Resolution from 10 milli-
areseconds to a few arc seconds will be required to resolve the fine
structure anticipated from these sources. 'Me region of the spectrum above
-6 keV is especially important due to the discovery of iron line emission
in a wide variety of objects both galactic and extragalactic, and more
recently the discovery of cyclotron emission and/or absorption features	 t
which have been detected in at least two of the galactic X-ray binaries
at energies of order 10's of kilovolts. X-ray imaging at these energies is
ideally suited for a space platform experiment as the entire class of experi-
ments require larger volumes and structures than can be accommodated by the 	 '-
space shuttle.

Imaging at high X-ray energies can be accomplished by a wide vari-
ety of techniques which range from those which are well within the current
state of the art to those which require long development times. All of	 ..
these techniques will require long focal lengths with a device such as a
mask, coded aperture array, grazing incidence X-ray telescope, or Fresnel
zone plate at large distances ( from 100 to 1000 meters) from an imaging
detector assembly.
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The bng focal length will require assembly in space of the mask,
and detector, separated by a suitable "optical bench" structure.

4.2 Gamma Ray Astronomv.

4.2.1 Low-Energy Spectrometer, 0.1 - 10 heV. The primary objective of
this experiment is to detect and measure nuclear X-ray lines from discrete
objects and diffuse regions of the Galaxy and from high-energy extra-
galactic objects such as quasars, Seyfert galaxies and radio galaxies.
The instrument should be sufficiently sensitive so that discoveries made
by the Gamma-Ray Observatory (GRO) in the mid-1980's can be investigated
in more detail and fainter objects and regions may be detected in the
nuclear gamma-ray region.

The detector would likely be a large modular array of actively-
shielded germanium and/or scintillation detectors or perhaps a newly
developed detector material. The type of detector and its configuration
would follow from results obtained by the GRO, early Shuttle flights
and from new laboratory developments over the next S -7 years. Modula-
tion and collimation techniques would provide an angular resolution of
-0.3 degrees. The instrument should not be located near other massive
experiments or structures; a guideline that is less than 10% of the total
surrounding solid angle of the instrument should consist of materials
that are greater than 100gm/cm 2 thick. Similarly, the artificial radia-
tion field in the energy range of the detector should be less than 10%
of the expected ambient background. Candidate detectors would require
cryogenic cooling. A typical requirement for germanium detectors is 20
watts of cooling at 10ft,

4.2.2. High-Energy Telescope, 20 MeV-10 GeV. Various astrophysical
{	 processes such as pion decay and strong nuclear interactions can only

be studied by high-energy gamma ray observations. This experiment would
study spectral characteristics and spacial extent of high-energy gamma
radiation from  galactic and extragalactic objects and regions with a
sensitivity and angular resolution up to a factor of 10 greater than that
obtained on GRO. In addition, the high-energy limit would be increased to
10 GeV. The high angular resolution, -2 arc min, would only be obtainable at
the higher energies.

The telescope would operate by detecting the trajectory of an
electron-position pair through a multi-layered detector, a technique
successfully used on the SAS-2 and COS-B spacecraft and approved for the
GRO. The detector would be a multiwire spark chamber, drift chamber or
proportional counter. It may be feasible to include recoverable particle-

„	 track detectors for high spatial resolution of the pairs. The frequency
of recovery would be 1 to 6 months, depending on the detector type and
the radiation background.

4.2.3. Compton Telescope and Polarmeter, 2_— 30 MeV. A Compton telescope
appears to be best suited for studying astrophysical sources in this
energy range. The Compton telescope provides spectral and imaging capa-
bilities and has excellen t_ background refection outside of the field-of-
view. In addition, the Compton scattering allows polarization studies

is
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is the gamma-ray region.

A Compton telescope for a space platform would likely have a
larger array size than that on the GRO and smaller cell dimensions in
order to improve the angular resolution. Assuming an increase in sensi-
tivity and angular resolution 5 times that of GRO, the overall envelope
of the Compton telescope would be 5 m diameter and 20 m long.

4.4- .4. Gas Cerenkov Telescope, 1GeV. At the highest observable gamma-ray
energies, the photon fluxes from space are extremely low, requiring large
sensitive areas and long integration Limes. Conventional detectors may
not afford the required area. At very high gamma-ray energies, a balloon-
borne gas Cerenkov telescope has been used to detect pulsed radiation from
the Crab Nebula. The telescope operates by imaging the Cerenkov light
rings produced by an electron-position pair. The size and location of the
rings focused on an array of photomultiplier tubes gives the energy and
direction of the incoming gamma ray. Anticoincidence and time-of-flight
requirements provide excellent background elimination. The dimensions of
the gas Cerenkov telescope would be 5 m diameter by 15 m long. The
front of the telescope contains thin scintillators and a metal mirror
with an optical accuracy of 1 min. The focal region contains an array
of —100 photomultiplier tubes.

4.2.5 Burst Detector. Gamma-ray bursts are enigmatic phenomena which have
eluded a satisfactory explanation due to their brief and transient nature.
A sensitive, all sky camera in the energy region 20 keV to 150 keV is
required to identify and study these sources. A burst monitor which
relies on interplanetary timing for precise locations is part of the GRO.
A single spacecraft instrument sensitive to weaker bursts may be required
following the GRO.

The instrument should have sufficient angular resolution to unam-
bigously identify an event with an optical or X-ray counterpart. One
possible approach is an all-sky camera system utilizing a randonly coded,
one dimensional mask in the form of a half cylinder which surrounds a
position sensitive xenon proportional counter. Two identical modules would
be required to monitor the entire celestial sphere. A very large radius
for the cylindrical mask is required in order to obtain very precise burst
locations.

4.3 Cosmic Ray Physics. Cosmic Ray Observations require instruments that
are, in general, tailored towards a particular aspect of the cosmic ray
phenomenon. While many commonalities exist in the instrumentation (for
instance, scintillators, Cerenkov counters, and proportional - or drift
chambers will be used in almost all instruments), the character of the
investigations will, for the foreseeable future, remain in the P. I.
class. One exception would perhaps be a large superconducting magnet
spectrometer which could be constructed as a general facility and could
serve for a variety of experiments.

The investigations described in the following illustrate the type
and significance of research that will be performed in the 1980's.

7
L
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Needless to say, this list cannot be complete. For instance, we have
omitted those experiments that use the cosmic radiation as a tool of high
energy physics research. We also have not included investigations that
are exclusively devoted to searches for exotic particles.

4.3.1 Elemental Composition. The elemental composition of cosmic rays
reflects the processes that are involved in the nucleosynthes!s history,
the acceleration mechanisms, and the interstellar propogation of these par-
ticles. Perhaps one of the most challenging discoveries has been the
recent observation of a very peculiar energy dependence of the elemental
composition: "Secondary" cosmic ray (those which are generated in inter-
stellar space as spallation products of the "primary" or source particles)
have been found to become less abundant as the particle energy increases.
This effect could imply an energy dependent galactic confinement time of
cosmic rays, or it could point towards a structure of the interstellar
medium such that high energy particles are excluded from penetrating
high matter density regions, or it could indicate the presence of sources
of high energy particles close to the solar system. The answer to this
question requires more accurate composition measurements at very high
energies. Such measurements might also reveal changes in the composition
of the primary cosmic rays that may be characteristic for particular
classes of cosmic ray sources. It is now feasible to reach. in direct
measurements, energies in excess of 10,000 GeV/ nucleon, thereby overlap-

.	 ping with the energy region of ground-based air shower experiments. This
cross-check will greatly help to understand air-shower measurements, the
only measurements which are available to cover the cosmic ray phenomenon
up to the highest energies, beyond 10 GeV. Experimentally, the best
approach to this measurement are electonic counter telescopes incorpora-
ting scintillators for charge determination, and providing energy meas-
urements with Gas Cerenkov counters (50 - 200 GeV/nucleon), calorimeters
(up to 1000 GeV/nucleon), and transition radiation detectors (500 GeV/
nucleon to -20 TeV/nucleon). In order to obtain statistically accurate
results, the instrumentation must be of rather large size (several meter
ster), and of fairly large mass (2-5 tons), and must be exposed for long
duration z-1 year.

4.3.2 Cosmic Protons and Alpha Particles. Protons and alpha particles account
for about 98% of all cosmic ray particles. An accurate knowledge of
their flux and energy spectrum is not only indispensable for a catis-
factory understanding of the cosmic ray phenomenon, but also for an
understanding of the production of secondary particles in interstellar
space (gamma rays, positrons, antiprotons, etc.) and in the terrestrial
environment (air showers). However, the present uncertainty is of the
order of 50% around 50 GeV, and grows at higher energies. In fact, a
claim published in 1971 by Soviet scientists, that the flux of protons
decreases drastically around 10 TeV, has never been checked in an inde-
pendent measurement, and a similar inference from air shower data at
still higher energies awaits clarification. For a measurement of protons
and particles, an electronic counter telescope with plastic scintil-
lators should be used for charge determination, and a deep calorimeter
must provides energy measurements (0.1 to 10 TeV). Transition radiation
detectors are useful over a limited energy range. A sufficient geometric
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factor ( 1 m sr) requires large weight (_> 5 tons). The exposure time
should be of the order of 1 year.

4.3.3 Composition of Ultraheavy Cosmic Rays. The flux of cosmic ray par- 	
4

ticles heavier than iron is exceedingly small, and a measurement of the
elemental composition in this region requires not only excellent charge
resolution but also, and most importantly, exposure of very large area
detectors for long periods of time. Nevertheless, such investigations 	 i
are of eminent astrophysical value. The elemental composition of ultra-
heavy nuclei carries the signature of nucleosynthesis processes in the
sources. For instance, rapid neutron capture processes (r-processes)
lead to an abundance maximum near Platinum (Z-78) and a substantial flux
of actinides (Z-90), while slow neutron capture (s-processes) would gen-
erate just a maximum near lead (Z-82). Also, several unstable species 	 i
provide cosmic ray dating in the 10 to 10 year range. In addition,
such experiments would alao be sensitive to such fundamentally interesting
particles as transuranic nuclei, in particular, the hypothetical stable
nuclei around Zw120. To detect ultraheavy cosmic rays, both active and
passive instruments can be used. Active detectors would consist of large
area arrays of plastic scintillators, Cerenkov counters, and ionization
chambers. A charge resolution AZ-0.2 is feasible. The total data sample
should exceed that expected from an instrument under construction for HERO-C
by about a factor of 10. This leads to a geometric factor of about 20
m2 sr if an exposure time of 2-3 years can be achieved. Passive detectors
will probably use plastic track detectors similar to Leran but with improved
charge resolution. Again, very large area (possibly deployed at altitude)
and lung exposure times are needed, and recovery of the detectors is
mandatory. These experiments would benefit from high inclination orbits.

A
4.3.4 Isotopic Composition. While important information can be obtained
from measurements of the elemental composition, further advances are
possible through determination of the "fine structure" of the abundance
distribution, the isotopic abundances. Both, the generation of cosmic
rays by nucleosynthesis, and the spallation processes during the propa-
gation of cosmic rays in interstellar space involve nuclear rather than
atomic processes affecting the isotopic compostion of the individual	 ^^
elements. Isotopic abundance studies will, for example, yieldthe most
intimate information about a fundamental question of cosmic ray research:
are cosmic rays generated in supernova explosions, or are they basically
interstellar material that has been accelerated by some other mechanism?
The answer may come from measurement ,-5 of the neutron excess of several
elements, and, particilar, from measurements of the isotopic composition of
Iron nuclei. Other aspects of isotopic composition studies involve the
search for unstable isotopes which provide natural clocks for astrophysical
processes. Several isotopes that decay by K-electroncan be used to obtain
a measure of tie time span between nucleosynthesis and acceleration (when
they are stripped of their K-electrons and can no onger decay). Other
unstable isotopes, most notably the interstellar spallation product Be
(T-1.6 x 10 y), have lifetimes that are comparable with the expected galac-
tic containment time of cosmic rays and can therefore be used as a measure
of the cosmic ray containment.

The instrumentation required for isotopic composition measurements
will consist of electronic detectors that measure the charge Z of the par-
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title with scintillators or plastic Carankov counters, and those that
determine two additional parameters from which the mass of the particle
can be determined. A most promising technique in the energy region
around 1 GeV/nucleon is a measurement of magnetic rigidity and particle
velocity. Such measurements require a magnetic field. This can either
be the earth's magnetic field, or large magnet (superconducting). Veloc-
ity measurements are performed with Cerenkov counters of appropriate
index of refraction. The particular combination chosen puts constraints
on the geomagnetic cut-off regicn in which the experiment can be performed,
i.e. the orbital inclination is critical. Long duration flights (— 1
year) are important for good statistical accuracy. An on-board magnet
will make the detector quite massive (several tons) and may require
protection of adjacent instrumentation from stray fields.

4.3.5 Electrons and Positrons. Negative electrons are accelerated in
cosmic ray sources at an abundance of approximately 1% of the nuclear
cosmic radiation. The characteristics of the acceleration process that
are responsible for this particular abundance ratio are not understood
at present. The shape of the electron energy spectrum measured near
earth is influenced by radiative int,ractions between electrons and inter-
stellar fields and may be quite different from the spectrum at the source.
In fact, these radiative processes (which are absent for the nuclear cosmic
radiation) are the reason for the great interest in studies of electrons
as probes for the electromagnc;tic component of the interstellar medium.
The shape of the electron spectrum is intimately related to the contain-
ment time of cosmic rays in the galaxy. Recent measurements give strong
evidence for a rather steep spectrum and a long containment, —10 years.
However, the measurement must be made more accurate, and must be extended
to higher energies, and, further, the injection spectrum of electrons is
still unknown. The latter information can only indirectly be derived
from a determination of the spectrum of positrons: Positrons are generated
as secondary products of interstellar p-p collisions. Their injection
spectrum is therefore essentialy known. They undergo radiative interac-
tions in the same way as electrons, and the deformation of the spectrum
can therefore be directly measured. The absolute intensity of positrons
also gives independent information about the propagation characteristics
of their parent protons.

The measurement of the energy spectrum of all electrons (e + + a-)

will be best performed with an electronic counter telescope that uses
scintillators for charge determination, a sufficiently deep si.ower detec-
tor for the energy measurements and backgrou-.d rejection, and a transition
radiation detector for proton rejection. With a geometric factor of — lm= sr,
and an exposure of several months, a very accurate measurement up to about
100 GeV is possible.

The identification of positions requires the addition of a
superconducting magnet of sufficient strength and lever arm to separate
positive and negative electrons up to at least 200 GeV. An exposure time
of several months is needed for an accurate determination of the positron
spectrum up to several 100 GeV.
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S. SUMMARY OF PLATFOLM REQUIREMENTS

We have identified three classes of space platforms classes II,
III and IV) which provide long duration observations in space as an
alternative to the free-flying dedicated observatories (Class I). Class
II, small single discipline platforms, would typically consist of 3-4
pallets; Class III, large multiple discipline platform might consist
of as many as 20 pallets; Class IV includes very large (50-100 meters
or more) space assembled structures. We summarize the requirements for
etch class of platform in Table 4.2.

TABLE 4.2. PLATFORII REQUIPIMENTS

X RAY AND EUV ASTRONOMY

Requirement	 Class II	 Class III

Orbit	 <289	 <280

Stabilization	 1 are sac/sec	 1 are sec/sec.

Orientation	 1 are minute	 1 are minute

Data
TM Rate (bit/sec)
Storage (bit/day)

Maintenance

Assembly

Checkout

Environmental
Vibration
Contamination

Power/Weight/Size

Class IV

<280

1 are sec/sec

1 are minute

101
1011

Required

Required

Required

Very sensitive
Very sensitive

1 kw/30,000 kg/
6m x 6m x loom

10"	 lo,
10 1	1011

Required	 Required

Not Required	 NOT Required

Not Required	 Required

Very sensitive	 Very sent:_".ive
Very sensitive	 Very sensitive

3 kw/5000 kg/	 S kw110,000 kg/
3m x 3m x 3m	 3m x 3m x 30 m

Operation
Ground
	

Required	 Required
	

Required

Shuttle Attached
	

Desirable	 Not Required
	

Not Require!
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Requirement

Orbit

Stabilization

Orienr_rion

Data Face

Maintenance

TABLE 4.2. PLATFORM REQUTrM.IVITS

GAMMA RAY ASTRONOMY
(con' t)

Class II	 Class III

<280	<280

-0.1 min/min	 -0.1 min/min

•1 deg	 -1 deg

104 kbs	 3 x 10" kps

a

Class IV

<280

0.1 min/min

- 1 , deg

10 5 kps

Assembly Minimal Minimal Minimal

Checkout

Environmental
Vibration Not critical Not critical Not critical
Contamination

Power/Weight/Size 100 w 200 w 400 w
1000-5000 kg 1000-10,000 kg 1,000-20,000 kg
lm3 1-10M3 1-100 m3

Operations
Ground N/A N/A N/A
Shuttle Attached
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TABLE 4.2.	 PLATFORM REQUIREHUTS

COSMIC RAY PHYSICS

AD

Orbit Not critical	 high inclination designed for s
experiments

Stabilization

Orientation Instruments must be pointed away from earth

Data

Maintenance

Assembly None in orbit requiring man-activity except retrieval j
of passive detectors

Checkout

Environmental

Power/Weight/Size 100-500 watts	 2000-10,000 kg	 15-50 m 3

Operations

~
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1. SUMKARY

Astronomical missions in space extend our perceptions of the uni-
verse beyond those obtainable from the ground in one of mankind's oldest
sciences. The faintness and diversity of objects in the sky together
with the many different ways we have of observing them dictate the need
for long operating times in orbit. Astronomers have already defined a
broad base of experimental disciplines which can be accommodated by the
various Spacelab configurations aboard the Shuttle. We look upon the
Space Science Platform (SSP) as a potential system for overcoming the
time limitations of Spacelab flights. To achieve this goal, we recom-
mend that the SSP be designed to accommodate Spacelab pallets containing
instruments for which we can define a strong scientific need for extended 	 F
times in orbit. For a vigorous program in astronomy, it is absolutely
essential that the large costs of integrating payloads to a space vehi-
cle and its support systems be ,ornft only once; hence we strongly urge
that the SSP be designed to eliu.l late, or at least greatly reduce, any
interface incompatibilities which may arise when an experiment is trans-
ferred from the Spacelab environment to the SSP. While the SSP can
also increase observing times by supplying power to extend the duration
of Shuttle missions, we believe that this is of secondary importance.

In this report, we define a broad range of experiments which have
a strong scientific potential and which could be installed on the SSP,
preferably after some initial trials on the Spacelab. We assign the
highest priority to developing an SSP which mimics the propertYes of
Spacelab, permitting a modular transfer of experiments with minimum
change.. However, we have also looked beyond these projects to special
categories of research which may require, because of their large size, a
platform which has a virtually unrestricted potential for physical	

lgrowth. A number of issues in engineering, management, and cost arise
from our study of representative experiments. As a result, we have posed 	 2

a series of questions which need to be addressed in formulating the
applications of the SSP to the needs of astronomers. Finally, we re-
cognize that some disciplines are better suited to, or absolutely require,
the exclusive use of dedicated free flyers, and we give some examples 	 r
accompanied by the reasons why they are unsuitable for either Spacelab 	 Cf

or SSP.

2. INTRODUCTION

Some of the major themes and questions to be addressed by astro-
physics in the 1980's are as follows:

The nature of the Universe
• How did the Universe begin?
• How do galaxies form and evolve?
• What are quasars?
• Will the Universe expand forever?

37	 1
Lk



The origins and fate of matter
• What is the nature of stellar explosions?
• What is the nature of black holes?
• Where and how were the elements formed?
• What is the nature of cosmic rays?

The life cycle of stars
• What are the composition and dynamics of interstellar matter?
• Why and how does interstellar dust condense into stars and planets?

i	 • What are the nature and cause of stellar activity?
• What is the interaction between stars and their environment?
• What is the ultimate fate of a star like the Sun?

Physical laws and principles
• What is the nature of gravity?
• Are there new laws and principles to be discovered under the

extreme conditions studied by astronomers?

Since photons provide the primary source of information on the
universe beyond our solar system (with the minor exception of cosmic
rays whose origins are disguised by their circuitous paths through space)
it is imperative that we extract as much information from these photons
as possible. This requires that we measure the arrival rates of photons
of all energies as a function of direction, energy, time, and polari-
zation properties. The dearth of photons may require us to combine pho-
tons with dissimilar properties in various ways. Specific energy ranges
and other characteristics are most helpful for particular problems; but
to progress toward answering such questions as listed above, a diversity
of instruments and approaches will be required. The SSP in conjunction
with the Spacelab and free flyers appears to be an important component
in attacking these problems.

Recognizing the preliminary nature of the concepts for the SSP
at this stage, we have formulated a number of critical questions which
must be investigated and thoroughly answered as the SSP concept is
further studied and refined. We have divided these questions into three
classes: engineering, management, and cost.

2.1 Engineering Questions.

• To what extent will it be possible to construct an SSP which mimics
the Spacelab mechanically, thermally, and electrically?

• What is the maximum angular momentum that the control moment gyro
can accommodate during telescope slewing?

• How stiff are the complete SSP structures? How does one achieve
damping of low-frequency vibrations?

j

	

	 • Can one mount on the platform a long (200 m) instrument with 1000 kg
masses at each end and use the platform to point it within, say, 1 arc min?
Can smaller instruments be included on the same system on smaller
pointing mounts? What would be the pointing accuracy and slew rate forr	
this configuration? The same questions must be answered for a 1 km
structure, as proposed for the gravity wave interferometer.
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• To what degree is the platform pointing constrained by the need
to have the solar panels nearly perpendicular to the sun-line? 	 Are there
methods of moving the panels to increase the allowed range?

• To achieve a stable thermal condition for large structures (e.g.,
a telescope), what are the merits of a sun- synchoronous orbit to insure
continuous exposure to the Sun?

• How will multi-instuument platforms provide isolation for indi-
vidual experiments with respect to pointing, electromagnetic interference
(electric, rf, magnetic, etc.), contamination, and communication use?
What are the costs, in all resources and in integration costs, of pro- (	 #

viding this isolation?	 How good will it be in each case? 	 If time sharing

is required, what type of duty cycle can we expect?
11

• What is the impact of installing very large structures on SSP's

which are designed to accommodate Spacelab experiments? t

• Is it essential to put 1 km long structures in geosynchronous s

orbit to eliminate problems from gravity gradient disturbances?

Several experiments may require large quantities of liquid helium
i

i
for operation, possibly as much as 4 tons per year. 	 At what level does
it become more efficient to operate a closed cycle refrigerator?	 What 1

I
are relative advantages of individual storage tanks, a central storage

f

tank, and a refrigerator?	 What are trade-offs between an onboard refrig-
erator and visits to space platform to refill storage tanks?

2.2	 I:anagement Questions

• How many platforms will be available for Space Science? How
many for astronomy?

• How frequently will the platform be revisited for such services 	 i

as film exchange and cryogen supply?
• Will the same platform be used as a power supply for the Shuttle

when it is docked? If so, what will be the power-sharing plan for experi-
ments on the platform? What will the duty cycles be for experiments in
the SSP?	 j

• What provisions will there be for continuing discussions between
experimenters and engineers as the SSP concept develops?

2.3	 Cost Questions

• What are the problems involved with the in-space construction
envisioned for the platform? How do the costs compare with the launch of
an integrated system? 	 _F

• What are the relative costs of pallets, cubes and beam machine
structures in various applications?

• How will the cost of doing an experiment on the platform compare
with the cost of doing it on an individual free flyer with integration
and test costs included? How does the cost vary with instrument size?

• Is there substantial cost saving in constructing an SSP which is
limited to Spacelab integrated instruments only?

• Is it economically efficient to produce cryogens on board a
central utility?
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3. THE ROLE OF SHUTTLE AND PLATFORM-BASED
EXPERIlENTS IN THE 1980' S

^•	 The general approach in space astronomy has been to build simple
j instruments and test them on balloons or rockets. As the need increases

for more detailed information and the greater sensitivity which permits
us to observe objects farther away, more powerful instruments are flown
on orbiting spacecraft. During the 1980 ' x, we expect this evolutionary
procedure to continue. Instruments will be developed for and proven on
the Space Shuttle. With demands for better information, the instruments
developed for the Spacelab or large instruments based on demonstrated

.,	 concepts will be placed in orbit for long periods of time.

It is almost impossible to over-emphasize the importance of extended
flight times to the discipline of astronomy: astronomers continually
work on the edge of acceptable signal-to-noise ratios as they probe
deeper into the Universe. Continued progress calls for both large optics
and long integration times, correlative studies of many objects, studies
of violent time dependent events and improved measurements of size and
position. To a certain extent, these needs can be met by repeated
spaceflights. In practice, small variations in experimental conditions
from flight to flight and the prohibitive costs make this impractical.
The SSP appears to be a desirable partial solution to these needs for
extended flight times in orbit and for large instruments.

!

	

	 We have not made a detailed comparison of the SSP with free flyers.
For simple Spacelab-type experiments we are not able to pinpoint the
advantages of one type over another. The relative advantages, including
interactive effects between experiments and cost,must be evaluated for a
particular experiment in making a choice and will vary with the detailed
design of the SSP. However, one obvious advantage will be the ability to
add Spacelab experiments to the SSP in a simple modular manner. If pro-
ven Spacelab instruments can be used on their pallets without modification
to provide extended observing times, substantial cost savings may be
realized. Extended observing time would then be provided with only peri-
odic visits to replenish films or cryogen or, occasionally, to exchange
focal plane instruments (— 200 kg). To this end, efforts should be made
to make the SSP environment similar to that of Spacelab in order to
simplify integration and minimize the impact of changes in the electrical,
mechanical, and thermal designs.

The SSP concept, perhaps in a different form from the Spacelab
compatible SSP, also appears to be extremely attractive for experiments
of a very large size. Unlike the case of the Spacelab experiments for
which a great deal of study and detail is available. there has been little
study of these large instruments. We did not develop these concepts in
the limited time available at the workshop. There is a need for addi-
tional study in this area after the SSP has been better defined. There
is also a need to determine whether the SSP concept, as it develops, can

i cover both the flight of Spacelab class instruments and very large
instruments.

As a secondary role for the SSP, we recognize the advantage of
using it to increase the duration of Spacelab missions. Some experiments

40



.t

may not have the importance to justify their establishment as long-term
experimental facilities but would still profit from somewhat longer
observing times. Other experiments may require in-orbit support by
personnel in space, and these projects would also benefit from the
increased duration. We wish to emphasize, however, that if the role of
the SSP were only to extend the Spacelab time, from the standpoint of
astronomy, the value of SSP would not be commensurate with the cost and
effort required for its implementation.

Finally, we note that there are experiments for which the SSP
approach is completely inappropriate. Examples are some of the gravita-
tional experiments discussed in Section III which require a free flyer	 r
designed to optimize the particular experiment and minimize disturbances
to an extreme degree.

4. REPRESENTATIVE EXPERIMENTS

As a means of exploring the SSP concept, we have considered a
representative set of experiments. These experiments, shown in Table 4.1
with some of the requirements, range from well-studied Spacelab-class
instruments to very large instruments which will probably not be imple-
mented for at least a decade. These experiments are discussed in detail,
in the following subsection. The subsection on gravity experiments
details several experiments which cannot use the SSP.

4.1	 PI Class Instruments

A number of moderate , Principal Investigator (PI) size instru-
ments for Spacelab will be available shortly. As a result, they could
be the first experiment placed on the SSP. Although the characteristics
of the instruments are quite varied, they are generally light (<103 kg),
of moderate volume (<diameter <1 m; length <5m), and they have small
power requirements (<lkw).

Many of these instruments are still in the proposal stage. As
examples, we describe three which could be proposed. The first is an
ultraviolet photometric polarimeter which requires long observing times
to study time-dependent events in quasars, Seyfert galaxies, novae,
supernovae, dwarf novae, and X-ray sources. The experiment has been
studied for o an Explorer mission. The instrument is a telescope which
feeds a 16 A resolution spectrograph. The complete experiment package
weighs approximately 70 kg. We estimate the package dimension to be
approximately 0.5 x 2 m. The pointing requirement is 36 arc sec, and
the data rate is X105 bits per sec.

The second instrument is a long focal length EUV spectrograph
for very high spectral resolution studies of the interstellar medium
below 1200 X, where reflection must be minimized. The package weight
is ^500 kg,with dimensions of 0.5 x 5 m. The pointing requirement is
0.1 arc sec for at least 1 hour, and the data rate is ^-10 5 bits per
sec.
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A third example is the IR survey experiment being built for
Spacelab II. This experiment consists of a small (-15 cm) cryogenically 	 l
cooled telescope mounted on its own set of 2-axis gimbals. The tele-
scope is approximately 1.5 m long, with the long tube being used to pro-
vide stray light baffling. As the Shuttle orbits the Earth, the tell-
scope oscillates (at a rate of one sweep per minute) through a 90 degree arc
perpendicular to the orbital plane, thereby sweeping out an appreciable
fraction of the sky. Cryogens are supplied to the telescope from a
250 liter liquid helium dower. Ten sensors are located in the telescope
focal plane and cover the wavelength interval 4.5 to 230µm. This
telescope is optimized for the detection of extended sources (230 arc
min). The prime scientific wavelength bands are virtually identical to
the Infrared Astronomical Satellite (IRAS) bands and the survey will
complement the sensitive point source survey to be carried out by IRAS.

Similarly a number of moderate size instruments will be available
to perform experiments which require the long observing times provided
by the SSP or free flyers.

4.2	 Starlab

An attractive feature of flying on Spacelab is the relative
ease in preparing the instrument for space observations. Much of the
overhead of the support systems can be taken over by standardized equip-
ment associated with the Spacelab, and the payload operations can be
run or supervised by personnel in space. Furthermore, the equipment can
be modified between successive Skylab flights, thus permitting more
operational flexibility and making specialized configurations more
justifiable.

There is, however, a serious drawback of operating instruments
aboard Spacelab. A vast majority of the proposed astronomical observing
programs require a great deal of time, and when one draws comparisons
with free flyers, the large disparity of time available becomes apparent.
In this context, for instance, we may consider the coverage by the wide
field camera on Starlab, and compare it with its counterpart aboard the
Space Telescope (ST).

A principal aim of the Starlab camera is to provide a relatively
large field of view (0.5 degree diameter) with an angular resolving power
and limiting magnitudes which surpass those obtainable from the ground.
For individual, small objects, the Starlab camera performance is inferior	 ^3 '''
to that of the ST, but its 90 times larger field area serves well those
programs which require more coverage of the sky, such as searches for
new objects or imaging of sources with large angular scales. The dif-
ferences between ST and Starlab are analogous to those of Earth resour-
ces satellite and conventional aerial photography; in both situations the
contrast in resolution and coverage makes each mode serve different
observing objectives.

T
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In the regime in which photon statistical uncertainties dominate
other sources of noise (e.g., detector dark current or readout noise,
diffuse sky background light, cosmic rays, etc.), we find that, to a

t	 first approximation, the Starlab camera can survey point sources to a
given limiting magnitude over 16 times as much solid angle per unit of
exposure time as can the ST (a factor of 90 gain in field area divided
by ratio of aperture diameters squared). One can probably increase this
number by a factor of about two because of the extra slowing and camera
preparation overhead the ST camera would need for taking the many multi-
ple exposures.. However, this strong survey advantage of Starlab is

y	 badly eroded by the low observing time duty factor which would be real-
ized from successive Shuttle sorties. If Starlab could fly twice a
year and each flight could last 2 weeks, one has, to first order an

 observing duty factor of 1/13. This reduces the coverage advantage of
i	 Starlab to only 2.5 times that of ST, which may not be a large enough

gain to justify the building and use of this instrument. If one removes
the restriction of operating Starlab only during Shuttle flights, on the
other hand, the low duty factor is no longer a problem and Starlab has
a clearly recognizable importance for field coverage. In reality, of
course, both ST and Starlab have reductions in duty factor because of
the need to share camera time with other instruments.

Beyond the limitations of observing time, there are technical
prob+ems which may be eliminated if we allow a telescope such as Starlab
to travel aboard the SSP instead of Spacelab. Shuttle thruster firings
result in impulsive corrections of the vehicle's attitude. The nierarchy
of systems which offer finer degrees of stabilization, such as IPS and
the image motion compensator internal to the instrument, must cope with
the large frequency bandwidths from the disturbances which need to be
corrected.

In general, the requirement of high frequency response is espe-
cially formidable for systems which rely on tracking faint star images
due to the low signal to noise. If, on the other hand, the vehicle's
attitude were controlled by control moment gyros (CMG), as is proposed
for the SSP, disturbance bandwidths could be considerably reduced,
provided the other experiments on board did not generate mechanical
impulses of appreciable magnitude.

Another difficulty encountered with Shuttle thruster firings is
the short-time environmental contamination by the propellant. Molec-
ular column densities can attain values which are sufficient to com-
promise measurements of infrared emissions and the high resolution
spectroscopy of sources in the far ultraviolet. Also, we may discover
that other sources of contamination from the Shuttle are intolerable
for certain classes of observation.
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In stating	 ur	 reference for control moment 	 ros for attitudeH	 P	 SY

control, we must be careful to specify that they be able to accommodate
changes in angular momentum which are equivalent to fairly massive teles-
copes slowing at reasonable angular rates. 	 For example, Starlab slowing •
at 60 per minute will require a reaction angular momentum on the order
of 15 kg m 2 s- 1 .	 If more than one telescope is on board, one should
anticipate that they may need to be slowed simultaneously in the same
direction. +^

4.3	 Deep-Sky Ultraviolet Survey (DUVS)

Another instrument whose goals are better realized by nearly
continuous observing is the Deep-Sky Ultraviolet Survey (DUVS) toler
scope now renamed Spacelab Wide Angle Telescope (SWAT). 	 This proposed
instrument should photograph fields 5 degrees in diameter with an angular
resolution of approximately 2 arc sec. 	 For complete coverage of the sky
in any specified wavelength band, approximately 3000 exposures are needed.
If two exposures are completed during each orbit, an entire survey
could be completed in approximately 100 days if the telescope were
allowed to run fill time on an SSP. 	 If, on the other hand, the DUVS j
relied entirely on observing during Spacelab flights of only 2 weeks !.
duration, we would need approximately 7 such flights to record the same
amount of data.

4.4	 The Ultra-Viol-& t Op tical Interferometer (L'VOI

The purpose of an Ultra-Violet Optical Interferometer (UVOI) is
to provide a large increase in precision of stellar distance and mass
measurement, and to map the fine structure of galactic nuclei, quasars,
and Seyfert galaxies. It is a Michelson stellar interferometer consistiug
of two 1-meter telescopes mounted at least 10 meters apart on a graphite
fiber reinforced plastic structure. Light signals from the two tele-
scopas are combined in an interferometric detector, with the two signal
paths equalized and controlled to a fraction of the operating wavelength. 	 i
Pointing with high stability must be achieved for long observing periods.
From a scientific point of view there is a strong case for increasing the
length of the interferometer arm from 10 m to —200m. This would allow us
to resolve structure of 0.1 solar diameters at a distance of 5 parsecs.
Such an increase in size, while very desirable, cannot be accommodated by
currently planned spacecraft, such as the Multimission Modular Spacecraft,
because the increase in size raises the moment of inertia by more than	 ! +
a factor of 400. The maximum slew rate of a 10 meter system with the
multi-mission satellite is 4 degrees per minute. With the same pointing
control system the maximum slow rate of a 200 m instrument would be about
0.1 degree per hour. It seems possible that a large instrument of this
kind could be mounted on a SSP.
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4.5	 Shuttle Infrared Telesco pe Facility (SIRTF

Presently, observational infrared astronomy is severely limited
over most of its wavelength range by atmosperic absorption and intense
background emission from warm optics and the atmosphere. An infrared
observatory placed above the absorbing and emitting terrestrial atmosphere
with optics cooled sufficiently to reduce their radiation below the
natural background would be an enormously powerful tool for astronomy.
A general-purpose infrared observatory in space is a logical technical
and scientific follow-on to existing airborne infrared telescopes and
to the Infrared Astronomical Satellite(IRAS) that will perform an
all-sky infrared survey with high sensitivity.

The Shuttle Infrared Telescope Facility (SIRTF) will be a cryo-
genically cooled, x.1.5 m diameter telescope designed for flights on
Spacelab. This instruments spectral coverage will extend to 1 mm.
Such a telescope, with optics cooled below 20K, would observe against
background radiation at least 10 times lower than ground-based tele-
scopes. Over much of the three decades of the infrared wavelength
range, SIRTF will provide a 1000-fold increase in sensitivity over
presently available facilities.

An open-cycle, helium-cryogen system with 30-day capacity will
cool the telescope to 10 to 20K. Thus, even without cryogen replenish-
ment, SIRTF could benefit from the extended Spacelab mission duration
provided by docking the Shuttle to the Power Module. it is clear that
the maximum effectiveness for SIRTF will be realized by mounting the
instrument on a platform - such as the proposed SSP - which can supply
cryogens for periods of several months or more. This latter operating
mode without costly trips to Earth and back provides the observing time
required for many important investigations. However the projected
cryogenic requirement is very high. Consideration may have to be given
to the use of a closedcycle refrigerator.

SIRTF places special demands on the environment of the SSP. In
particular, care must be taken to minimize contamination of the cold sur-
faces of SIRTF, and to prevent extraneous radiation from reaching the
detectors. Levels to be achieved would be the same as for operation on
the Spacelab:

(1) Molecular contaminants: the
SSP should be cleaner than the thruster
The column density of infrared emitting

11	 2
must be less than 10 molecules cm.
column density of more than 1X/1200 are
density should be lower. Higher column
risk of degrading performance. The fl
and He) must be less than 10 12 cai Z s-1
tion by deposited contaminants.

s used for stabilizing the Shuttle.
molecules (H 2 , CO2 , CO, OH)

If angular gradients of this
anticipated, ther the column
densities are tolerable at the

flux of molecules (other than H2
to prevent significant absorp-

CMG stabilization system of the
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(2) Particulate Sightings: Production of particles by the SSP
(as a result of spallation by impact of micrometeroroids, particles in
vented gas, etc.) should be limitel so that an average of less than
one per minute enters a 1.5 x 10 - steradian ( 15 are minute diameter)
field of view along any line within 60 degrees of the axis of optimum
viewing. A discernible particle is one with a diameter of Spa or more
within a range of 10 km, moving with a velocity of less than 100 m s-I

relative to SIRTF.

(3) Radiated Power: Care must be taken to prevent power thermally
radiated by the SSP from reaching the cold telescope and detectors.
Fundamental limiting backgrounds for SIRTF are scattering and emission
of the zodiacal dust, and emission from the telescope itself. The sun
of thse backgrounds is trong^l wavelength dependent and varies from about
3 x 10-13 to 7 x 10-11watts cm s'	 steradian- . Detectable emissions
by the SSP should not exceed thst from the fundamental sources of back-
ground.

(4) Transient contamination sources: The SSP must warn SIRTF
at least S minutes prior to events that would exceed contamination
specifications to allow time for closing up the telescopes. Such events
would include waste dumps, EVA's, arrivals, and departures of spacecraft.

4.6	 Deployable Ambient Infrared Telescope (DAIT)

The Deployable Ambient Infrared Telescope (DAIT) would be a large
(- 10 m d iameter) ambient-temperature telescope didicated to infrared
and submillimeter astronomy. The DAIT would open up the infrared spec-
tral range from 20 um to 1 c-,; to observations with good angular resolu-
tion. The design goal would be - 2.5 arc second images (diffraction limited
> 100 um). The large aperture mirror emissivities of about 0.01 would
ensure good sensitivity as well.

The scientific applications would emphasize the study of obscured
objects, where dust opacity precludes observations at shorter wavelengths.
Although the mirrors are at ambient temperature,cryogenic cooling of
detectors would be necessary; with proper shielding, cold hold times of
one year are feasible with current technology. Multiple focal plane in-
struments would be included; a typical instrument complement would consist
of (1) a multiband infrared photometer /camera. (2) a high resolution
echelle spectrograph with array detectors, and (3) a submillimeter
heterodyne spectrometer.

Annual visits by the Shuttle to replenish cryogens and modify
or change instruments would be required for continuous operation of the
DAIT.
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4.7	 Large Infrared Michelson Interferometer (LIRHI

The Large Infrared Michelson Interferometer (LIRMI) would utilize
the technology of space fabrication of a long ( on the order of l km)
beam with light collectors at either end to permit high angular resolu-
tion observations at infrared wavelengths beyond about 50µm. Such a
large instrument will require special care for mechanical stabilization

(	 and monitoring of the baseline between the two collectors, and in steering
I	 the device from one direction to another. The beam would have tele-

scopes at either end, and possibly one in the middle to allow compensation
for inclination changes. The telescores, possibly 2 to 3 m in diameter,
would track the same object with sufficient accuracy to keep the source
centered within the main lobe of the beam of each telescope, an accuracy
of 0.6 arc seconds for 2 m telescopes at 501Am wavelength. Baseline moni-
toring to A/10 to A1100 will be required.

At a 50 pm. wavelength, a 1 km baseline will provide about 10 milli-
arc second spatial resolution. This is comparable to resolutions cur-
rently achieved by very long baseline interferometey techniques.
The direct'detection of a planet like Jupiter orbiting a nearby star
would be possible in principle with such a system, although cryogeni-
cally cooled collectors would be required for this application because
of the low flux levels.

4.8	 Millimeter and Submillimeter Space Telescope

Atmospheric absorption and emission in the millimeter (mm) and
submillimeter (sub-mm) wavelength range make many investigations impos-

sible from the Garth. A 10 m telescope in Earth orbit would open up
this wavelength band and could have a sensitivity of 8 mJy at frequencies
of 300 to 2000 GHz, assuming 10 percent bandwidth with bolometers of
10-14W H -31 Noise Equivalent Power and a 1 hour integration time.

A Cassegrain reflector composed of several subpanels would be
developed with its pointing system. Superheterodyne receivers and bolo-
meters will be mounted at the focus and cooled by cryogenic temperatures.
The half-power benmwidth of the telescope at 1000 GHz would be 2.6 arc
sec; thus 1 arc sec pointing would be needed. At higher frequencies,
the equipment would operate with reduced efficiency and angular resolu-
tion. The spectral line data would be processed on board by an auto-
correlator with 1000 channels, the output of which would be telemetered

T	 to ground. The size of the instrument and pointing system, the desira-
bility of refurbishment and upgrading, and the need for long observing
times make this experiment an excellent candidate for a SSP.

4.9	 Very-Long-Baseline Interferometer (VLBI)

Very-Long-Baseline Interferometey (VLBI) extends the angular
resolution of radio telescopes to sub-milli arc-seconds and appears,
pp tf--ntially, to be able to yield angular resolutions in the micro arc-
second range or better. By adding a space-based VLBI station to the
existing ground-based network, oae essentially can synthesize a high-

M
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quality radio telescope as large as the Earth. Furthermore, once the
	

's

space-based VLSI methods are established, one can look forward to the
	 •s

eventual extension of the system to much longer baselines by launching
VLBI stations to higher orbits.	

E

The space VLBI station should have a radio telescope with a dia-
meter of 20 to 30 meters, and an ability to ^,^c=rve at 3 cm wavelength,
with some capability at 1.3 cm wavelength also. The telescope should
be pointed to 1/10 beamwidth, and the position of the electrical center
of the telescope with respect to the center of mass of the spacecraft
should be measurable to 1/10 wavelength (stabilization is not a require-
ment, since the correction, if measure, can be applied during the reduc-
tion process). The data stream would be an integral multiple of 4 x 10'
bits per second, with some time -sharing ability with other high-data-rate
experiments. The time base would be provided by a hydrogen maser.
Cryogenics, if available, could be used by maser amplifiers in the re-
ceiver, but for simplicity and cost reasons, non-cryogenic receivers
could be used. To assure good coverage of the Fourier transform plane,
an inclination of higher than 40 degrees would be preferred for the orbit.

4.10	 Gravitational Experiments

In assissing the suitability of a SSP for gravitational experi-
ments it is convenient to divide the experiments into two classes: (1)
those which depend on measuring some kind of linear or angular displace-
ment of a massive body, and (2) those which depend on measuring some
kind of frequency shift, time delay, or angular deflection of electro-
magnetic radiation. Examples in the first class are the Gyro Relativity
(GP-B) and Orbiting Equivalence Principle experiments; examples in the
second class are the Orbital Redshift and planetary radar ranging experi-
ments.

Listed below are twelve conceivable experiments on gravitation
and general relativity which might be undertaken in the 1980's or
early 1990 ' s. Those marked with an asterisk have been described in the
Astrophysics Project Concept Summaries and will be briefly described
here where appropriate; the remainder will be described as we proceed.

Experiments depending on measurements on massive bodies

*(1) Gyro Relativity (GP-B)
*(2) Orbiting Equivalence Principle
(3) Spin-spin attraction experiment
(4) Twin-satellite experiment
(5) Measurement of G/G (rate of change of gravitational constant)

*(6) Gravity Wave Interferometer

Experiments depending on measurements on electroma gnetic radiation
*(7) Orbital Redshift
*(8) Ranging experiments (Solar Probe, Mercury orbiter, Jupiter
(9) orbiter, Solar Polar, etc.)

(10?- Clock comparisons
(11) Solar oblateness and starlight deflection experiments
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(12) Experiments with radio interferometers
(13) Improved lunar laser ranging experiment

Experiments Incompatible With A Space Science Platform. We should note
first that most experiments depending on measurements on massive bodies

^ 	 require a free flyer. A SSP is of no use for any of them except the
gravity wave interferometer and perhaps an experiment to measure G/G.
This is because experiments depend on measuring exceedingly small accel-
erations or precessions and require drag-free spacecraft for successful
operation. Examples are experiments (1) through (4), all of which require
drag-compensation down to the 10 10 to 10_ 11 g level, as compared with the
10 or 10 4 g levels typical of a SSP. The twin-satellite experiment
requires 2 counter-orbiting, drag-free satellites in nearly equal and
opposite polar orbits and is therefore even more dependent on dedicated
free flyers.

The radar ranging experiments by definition depend on radar
ranging to deep space free flyers since they are designed to check
gneral relativistic effects from the Sun. They too fall outside the
scope of a SSP.

i	 The Orbital Redshift experiment carries a hydrogen maser clock in
a spacecraft with a highly elliptic orbit (300 km perigee, 36,000 km apogee).
Thus an orbital version of the experiment could improve the accuracy
of the check of the Einstein redshift formula (and hence of the Einstein
equivalence principle) from 1 part in 10 , by as much as two additional
orders of magnitude to 1 part in 106.

The clock comparison experiments (9) would consist in launching
one or more other types of clocks along with the hydrogen maser - for
example, superconducting cavity and cryogenic crystal clocks. Different
types of clocks have been shown to depend for their ultimate time stand-
and on different combinations of the fundamental constants h, C. e, and
m (Planck's constant, the velocity of light, and the charge and mass of
the electron). On certain hypotheses their rates might be expected to
vary differently in a changing gravitational potential; the aim would be
to search for any such differential variaion in rate.

Both the Orbital Redshift and the clock comparison experiments
require a satellite in a highly elliptic orbit. They are therefore
incompatible with a SSP in near circular orbit, but could be done on a
platform if other experiments created a requirement for a SSP in a highly
elliptic orbit.

Experiments Probablv Compatible With S pace Science Platform Both
Very-Long-Baseline Interferometer (VLBI) and Lunar Laser Ranging (LURE)
have been applied in a number of gravitational experiments. By mounting
a radar antenna or laser receiver on the SSP or other spacecraft one may
be able to effect improvements in the two programs and hence in their
applications to gravitational physics.

Three experiments remain: the measurement of G/G, the solar
oblateness and starlight deflection experiment, and the gravity wave
interferometer. We take them in that order.
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According to Dirac's large number hypothesis,the various funda-
mental constants are related in such a way that the gravitational con-
stant may be expected to change with time at a rate inversely propor-
tional to the age of the universe; in other words d/G will be about 1
part in 10 11 per year.	 Per year.	 Present measurements are within a

Tfactor of ten of detecting such a variation in G if it exists. 	 Two
kinds of space experiments have been suggested for measuring G/G: 	 (1)

..

timing experiments in which two bodies orbit around each other and one
looks for a change in orbital period and (2) a differential Cavendish
experiment in which one looks for a change in torque on a torsion balance.
Both of these experiments are exceedingly difficult even by the stand-
ards of gravitational physics experiments.	 The first would presumably
require two free flying bodies in deep space, observed by another free- ^.
flyer near enough to see, but not near enough to disturb, the two
orbiting bodies.	 It is manifestly incompatible with SSP. 	 However, the
second might be mounted on an Earth-oriented SSP though it would be
better on the quieter environment of a free flyer, especially since the
principal advantage of doing it in space is to get away from the seismic
disturbances on Earth.

-^	 1
The solar oblateness and starlight deflection experiment would

consist in taking into orbit a specialized solar telescope, similar to
that designed by H. A. Hill and his colleagues of the University of
Arizona, to measure the optical oblateness of the Sun and the deflection
of starlight by the Sun ' s gravitational field.	 The point of doing it in
space is to get away from atmospheric turbulence 	 and to simplify design
of the star detector (which no longer needs to integrate out background
scattering).	 The solar telescope might be of order 10 m long; the
experiment might be done with the Solar Orbiting Telescope (SOT). 	 It
appears to be compatible with a SSP.	 A long duration flight is desirable
to check whether there are any periodic or random changes in apparent
oblateness, as Hill's observations suggest.

The final experiment is a Gravity Wave Interferometer. 	 It may
consist of four nearly free floating masses, each of weight one ton,
located at the four ends of a cross-shaped, large space structure
approximately 1 km on an arm. 	 The distances between each mass and the ,.
center would be measured by multiple reflection laser interferometers
(effectively Michelson interferometers). 	 A device of this kind could be
made extremely sensitive to gravitational waves, especially ones of low
frequency ( 100 Hz to 10-'11z).

Evidently the gravity wave interferometer requires a SSP because
of its large size.	 The platform should probably be a dedicated one but .,
might be combined with the infrared interferometer, identified elsewhere
in this report, which has comparable dimensions.	 The 1 km length is not
a requirement; however, the sensitivity of the instrument in theory scales
as the square of its dimension, so that large Size is a major advantage.

It seems likely that a structure of this enormous size would have
to be put in geosynchronous orbit or deep space to get away from the
extremely serious disturbances from gravity gradients, the Earth's
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magnetic field, and thermal flexure at orbital period as the apparatus
moves in and out of the Earth's shadow.

i,

	

	 The Gravity Wave Interferometer fires the imagination and offers
the prospect of an important experiment which can be done with techniques
developed for the SSP while being impossible on Earth because of seismic
disturbances. It is important to emphasize, however, that its design

"	 is, at present, at an exceedingly rudimentary stage. No one has actually
operated a laser interferometer fravity wave detector of any size on
Earth, though some of the components for such instruments have been
developed. It seems very unlikely that a 1 km device of this kind could
be seriously tried before the 1990's.

The suggestion has occasionally been made that there would be
advantages in flying a gravity wave antenna of the Weber bar type in
space. On the face of it, this seems unlikely. The resonant frequencies
of such bars are of order 900 to 1600 Hz, and it is possible to filter
out ground vibrations of this frequency regime very effectively. If
space were to offer any advantage, it would probably be only in a free
flyer.
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1. BROAD SCIENTIFIC NEEDS OF PLANETARY SCIENCE IN THE 1980's

Planetary exploration with spacecraft was initiated in 1962 with
the Mariner 2 mission to Venus. During the past two decades, the plane-
tary exploration program has progressed steadily toward the goals of
improving our understanding of:

. The origin and evolution of the solar system
• The origin and evolution of life

``	 • The earth by comparative studies of the other planets

During the 1960's and 1970'x, emphasis was placed on initial
R^	 exploration of the planets to discover what they are like today. All

major bodies in the solar system have peen studied with ground-based
s	 telescopes. By the end of the decade, all of the planets out to and

including Saturn will have been observed from flyby spacecraft. Venus
and Mars will have been studied extensively from orbiters. Their atmos-
pheres have been penetrated with probes and small portions of their sur-
faces have been . imaged and studied from landed spacecraft. Mars has

•	 been surveyed much more completely than any other planet.

In the 1980's, deep space missions will emphasize second genera-
;	 tion exploration of those planets we have already observed from flybys,

and missions to some of the smaller bodies of the solar system. They
may be as important for understanding the formation of the solar system
as the large ones.

4

Important contributions to planetary science will also be made

r	 from observations from the vicinity of the earth. Such observations
have in the past been principally made from gound-based observatories,
aircraft and rockets. In the future, the use of Earth -orbiting vehicles
will increase the capabilities of the U7 and visual instruments and

_	 utilize the superior imaging capability of the space environment.
Similarly greater sensitivity in the infrared will be achieved and new
regions of the far infrared and submillimeter spectrum will become
available for observation for the first time.

The following paragraphs raise some of the fundamental and
•`	 challenging questions that remain to be answered by a vigorous program

of exploration and continued reconnaisance from the vicinity of the Earth.
The pace of discoveries from the past decade if research has been formi-
dable and there is little doubt that more answers, and new surprises as
well, will be forthcoming. The facilities and experiments described in
this report will play an important role in this research; and some of
them can be utilized with greater efficiency if they are aboard an
orbiting Space Science Platform.

1.1 Completion Of A First-Order Description Of the Solar System

A prerequisite for understanding the origin and evolution of the
Solar System is an accurate description of the current state of its
members. Despite the level of sophistication of modern astronomical
observations this basic task is not yet complete. Recent unexpected
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discoveries include:

.j

i
^r

(1) The recently discovered rings of Uranus are composed of dark
particles. The rings are radially thin, with relatively thick gaps. One
ring has an irregular shape. None of these characteristics apply to
Saturn's well known system.

(2) The periods of rotation of Uranus and Neptune were recently
revised by more than 10 times the previously quoted standard error.

(3) Pluto has recently been found to be a doable planet, with
the satellite being very close and quite comparable to the primary.
These discoveries, as well as future ones, can be followed-up effectively
with observations in Earth orbit.

1.2 A Search For Extra-Solar Planetary Systems

In the decades ahead, one of the most exciting adventures in
astronomy, particularly from space, will be the search for planets
around other stars. If it is found that ours is not the only planetary
system in the Universe, the impact on human philosophy will be as great
as that of any astronomical discovery of any time. The challenge to
learn about these newly discovered "other worlds" could well become the
driving force of space science. There are many tantalizing clues that
this search ultimately will not be in vain. Approximately half of all
stars occur in double or multiple systems. Known stellar secondary
stars range downward in mass and luminosity to the limits of detection.
There is every reason to believe that this sequence continues beyond
present detection limits to the planetary class. Studies of stellar
rotation indicate that single late-type stars have systematically low
rotation rates, suggesting that angular momentum has somehow been removed
from them, perhaps residing in planetary systems. Young stars in the
process of formation have been inferred to have disks, from which plane-
tary systems may eventually form. It remains, however, to obtain defini-
tive evidence that objects comparable to our planets actually exist.

1.3 Comparative Atmospheric Circulation Among The Planets

Improving our understanding of the way our atmosphere responds
to stress is clearly imperative in an era when our civilization is
constantly stressing the environment in diverse ways. Studies of ter-
restrial climate and its modification have benefited in two ways from
planetary studies:

(1) Models can be applied to other planets with known circu-
lations to test the models' performance under diverse conditions. This
increases confidence that they are valid for studying the terrestrial
climate under different forcing conditions than are present here today.

(2) Many physical processes which occur here also occur in other
atmospheres in more extreme form. Studying them leads to a better funda-
mental understanding of such processes, which might otherwise even be
missed here.
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1.4 Characterization Of The Primitive Solar Nebula

Our understanding of the origin and evolution of our planetary
system is based upon measurements of solar system objects as they exist
today. However, the evolutionary histories of these bodies are very
different because of their enormous differences in mass and because
their orbits are distributed over a wide range in solar distance. By
collecting and intercomparing data on the various compositions and phys-
ical states of the planets, their satellites and the smaller bodies of
the solar system, we are able to test models of the original composition
and physical state of the primeval nebula. Some of the fundamental
questions in this process are: how are differences in composition, states
of differentiated material, and apparent ages of the terrestrial planets
and satellites related to the temperature and pressure distribution in
the solar nebula during planet formation; are the atmospheres of the
giant planets primordial material; are comets "frozen" samples of pri-
mordial material; how does the observed gradient in the physical states
of the Galilean satellites of Jupiter relate to our understanding of
the evolution of the solar nebula.

1.5 Condensation Processes

The formation of planetary and asteroidal sized bodies by conden-
sation of a solar nebula is a complex chemical event. The observed
compositions of objects of all types throughout the solar system pro-
vide one means to reconstruct this process. During the previous decade,
detailed chemical models based upon equilibrium condensation of a solar
composition cloud have been developed are are in good agreement with the
gross properties of solar system objects (densities, compositions). Re-
finements are required, especially for the outer solar system whert.
data are fewer. Elemental and isotopic abundances, as determined through
spectroscopic measurements of gaseous and solid constituents, constitute
the primary data for testing these chemical models. Thus, such diverse
materials as ices on satellites, basaltic achondrite mineral assemblages
on asteroids, and gaseous hydrides in planetary atmospheres all bear on
this topic. Many results of this type have already accumulated, but the
greatly enhanced potential of IR observations from an Earth-orbiting
facility will extend this knowledge to a larger population of objects,
thereby providing independent and more stringent tests of condensation
theories.

1.6 Extraterrestrial Origin Of Organic Matter

The conditions permitting the abiologic synthesis of organic mole-
cules are of fundamental significance to understanding the chemical
emolution of more complex systems, including life forms. Evidence for
this process is found in the constituents of the interstellar medium,
in the organic component of primitive carbonaceous chondrite meterorites,
and perhaps in some of the as yet unidentified colored components of the
Jovian clouds. Planetary observations directed at this problem include
high resolution spectroscopic observations of planetary atmospheres to
reveal trace constituents associated with organic synthesis reactions,
or observations of asteroid surfaces to reveal mineral assemblages
spectrally identical to carbonaceous chondrites. Definitive experiments
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can be conducted at IR wavelengths, and initial results from Sound-
based and airborne observatories have been promising, but only an Earth-
orbiting facility can combine the resolution and sensitivity of ground-
based instrumentation with the advantages of space observations (lack of
atmospheric interference and reduced thermal background levels). It is
therefore expected that these new opportunities to study this cosmo- 	 -
chemically significant process within the context of solar system origin
and evolution will be vigourously exploited in the next decade.

1.7 Evolution Of Satellite Systems

The evolution of satellite systems plays an important role in our
understanding the evolution of the solar system as a whole. It is pos-
sible that these systems can be studied as "miniature solar systems",
thereby giving us the opportunity to gather data and test our evolutionary
models on bodies that have evolved on timescales shorter than the solar
system near much smaller and cooler primary bodies (the Jovian Planets).

The dynamical processes that prod-aced the systems of rings have
yet to be explained. Solutions to this problem have an important impact
on our knowledge of the distribution of angular momentum in the outer
portions of the solar nebula.

2. NEEDS PROBABLY BEST SATISFIED
BY SHUTTLE-ATTACHED PAYLOADS

To discuss this question in relation to planetary studies, one must
consider the ensemble of techniques available for making the important
observations:

(1) Ground-based telescopes (including airborne and balloon-borne)
(2) Deep space probes (including flybys, orbiters, landers and

sample return)

(3) Free-flyers in Earth orbit (including pre-shuttle {IUEJ and post-
shuttle IST} launches)

(4) Space platform observatories
(5) Shuttle-attached payloads.

Observations in category (1) are the cheapest and most versatile that
	

t
can be made. They also accomodate the most complex instrumentation. The 	 e
limitations are universally understood: restricted spatial resolution,
restricted wavelength coverage, and restricted geometrical aspect.

In category (2), observations permit the ultimate in spatial
resolution and in accurate sampling. The limitations include cost and
also a perspective problem. Probes are often too close to study planet-
wide phenomena. This is a strong reason for retaining other options for
planetary work.

Categories (3), (4) and (5) all offer the advantages of space com-
pared to ground observations: spatial resolution and wavelength com-
pleteness. Category (3) missions permit precise pointing, with no
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external mechanical interference and hence permit an experimenter to con-
;-	 centrate on resolution. For this category, there are no extrinsic pri-

ority problems, and long duration missions are generally practical. The
 disadvantages of this mode are that repairs, replacements of instruments

and refurbishment of consumables such as cryogenics are restricted.

Category (4) is an advance over (3) in that shared and therefore
efficient housekeeping functions are permitted. Disadvantages of (4)

j '	 are that mutual interference, both electromagnetic and vibrational must
be dealt with and priority decisions for pointing must be made. Attached
multiple instruments can not all have freedom to choose their pointing$
over 4v steradians, and in fact will probably be limited to something
less that 2w steradians for extended intervals.

Category (5) has the advantage of being inevitaLle, since
NASA is committed to the facility. There are also the advantages of
hands-on operation and material retrieval. One important class of
retrieval missions is film instruments. This is the most efficient means
of recording spatial data that now exists or soon will. Disadvantages
include short duration, restricted pointing (< 2v sterad), contamination
for infrared observations, unintentional crew interference, loss of
precise pointing for significant intervals, and the necessity to track
astronomical targets, because the shuttle will not be in general inertially stabi-
lized. The latter charActeristic can only be described as regressive.
The limits on size and weight of instruments are clearly restrictive.

On this total context, the class of experiments which would pre-
ferably be attached to the shuttle is small. Such experiments would be
short, have large pointing tolerances and not require frequent repeti-
tion. A few such experiments are identified in the next section, as
adjuncts to platform-advocated studies. These include certain laboratory
experiments, as yet undefined, and exploratory comet photography.

3. TYPICAL EXPERIMENTS FROM PLATFORMS

In the following secti(.. we describe some of the instruments that
are likely candidates for inclusion on a Space Science Platform in the
1980's. We note that these instruments were originally conceived either
as Shuttle payloads or as free-flying satellites, and that we have largely
constrained our thinking to the direct transfer of these instruments to
the space platform with few, if any, modifications. It is very likely,
however, that second generation instruments could be made more versatile,
more sophisticated, or more sensitive if the constraints on weight, power,
size, and maximum duration were reslized through the utilization of a
platform. Similarly, a compatible cluster of experiments on a single
platform, sharing common power and orientation systems, could be very cost
effective.

Several observational techniques that are condidates for a
Space Science Platform are listed in Table 3.1. The primary scientific
goals and the relevant solar system objects are identified for each
technique along with the specific instruments, which are discussed in
the body of this section. The last two columns give a brief indication
of the advantages for implementation from space.
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3.1 Astrometric Telescope For Extra-Solar Planetary Systems

Scientific Rationale: For rather complex reasons, direct image
detection of extra-solar planets appears less likely than indirect detec-
tion by virtue of the wobble, in both radial velocity and position, of

L	 the associated star. The quest for radial velocity variation is worth
pursuing from the ground and would not particularly benefit from instru-
ments in space. The quest for astrometric letection, however, should
benefit enormously from instruments in space, and astrometry now appears
to be the most sensitive approach of all.

If, for a criterion of datectability, one imagines each star to
possess a "Jupiter" (a planet of Jupiter's mass and orbital semi-major
axis), there are more than 500 candidates brighter than 16th magnitude
that should have a resulting wobble exceeding 2 milliareseconds peak-to-
peak. Such limits appear feasible for a dedicated telescope aboard the
Space Science Platform. The field of each selected candidate would be
imaged several times per year for at least a decade.

Instrument Description. A detailed study of engineering trade-
offs would be required to arrive at optimum telescope parameters for an
"Other Worlds" search, but we tentatively visualize a dedicated tele-
scope with an f/30 parabolic primary mirror of ti1.5-meter aperture,
followed by a flat secondary. Such a telescope is quite a bit larger
than STARLAB but, because of the flat secondary, does not have tight
requirements on optical alignment. At the focal plane, the field of
interest is at least 10 cm in diameter. One detector concept being
explored on the ground utilizes a moving Ronchi ruling in the focal
plane, followed by a number of small positionable detectors to pick up
the modulated signal from selected stars in the field. Alternatives,
such as a mosaic of CCD's on a cervit plate, need to be examined. Photo-
emmissive devices will in general lack the required stability of imaging
geometry.

3.2 Ultraviolet/Optical Telescope

Scientific Rationale. Among the instruments planned for astronom-
ical observations aboard Shuttle is a meter-class ultraviolet/optical
telescope called STARLAB. A basically similar telescope would be of
great value to planetary science aboard the Space Science Platform, per-
forming observations (1) that benefit from the time-continuity not avail-
able with STARLAB on the Shuttle, or (2) that require an instrument capa-
bility not included on the Space Telescope, or (3) that planetary mis-
sions will not accomplish in the foreseeable future. These observations
include (a) synoptic studies of planetary atmosphere dynamics, (b) high-
resolution spectroscopy of planetary atmospheres at high spatial reso-
lution, (c) compositional classification of planetary and satellite
surfaces by spectrophotometry and polarimetry at high spatial resolution
and (d) a systematic search for satellites and rings around objects
beyond Mars. Altogether, these observations will account for a sub-
stantial fraction of the total time available with a STARLAB telescope
aboard the Space Science Platform.

Our present understanding of the dynamics of planetary atmospheres
was reviewed at a .WA workshop held at Snowmass, Colorado, in July 1977.
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The report (JPL Publication 7B-46) particularly stresses the strides
that are being made in understanding dynamic processes in the Earth's
ac-iosphere by the study of the atmosphere of other planets. Suci: studies
.re concerned with atmospheric circulation patterns, cloud forms and
motions, diurnal effects, seasonal variations, and evidence for climatic
changes. On Mars, for example, we particularly need to verify or refute
the predictions of current dynamical models, refine our knowledge of
polar and dust storm processes, and determine the paleoclimate. Oddly,
neither long-term Earth-based monitoring nor recent orbiter imaging of
Mars have adequately resolved these fundamental meteorological problems.
Averaged over the mission, for instance, Viking orbiters have viewed
`% of Mars per day. For 3 or 4 months during each of several succes-
sive Martian apparitions (to sample all seasons), we need a full disk
view in two colors about every two hours at diffraction-limited STARLAB
resolution. In a similar way, monitoring schedules for Jupiter and
Venus can also be defined.

The high resolution spectrograph aboard the Space Telescope will
be an ultraviolet instrument. It will not cover the spectral range
suitable for investigating abundanues and excitation states in planetary
atmospheres. Planetary spectroscopic data also need to be accompanied
by good spatial resolution and temporal monitoring. On Jupiter, for
example, we see to differing depths that depend on the local nature of
the underlying clouds. To utilize existing laboratory Z-values and to
link Platform observations with Earth-based observations we suggest a
high-resolution echelle spectrograph equipped with a CCD detector. This
would provide data for a number of important spectroscopic features
including hydrogen quadrupole transitions and methane and ammonia bands.

The mineralogical composition of surfaces can be distinquished by
their spectrophotometric "signatures" across the visible and near-infrared
spectrum as well as by their polarization properties. The pyroxine band
at 0.94 Um is one of the best known spectral features of that kind, but
compositional discriminants can be found across the entire spectrum.
Important work to date has included spectrophotometric mapping of the
moon, and the compositional classification of asteroids. Amongst the
latter, one finds evidence for a compositional gradient radially outward
in the solar system, presumably preserving the condensation history of
the early solar system. Photometric studies of outer-planet satellites
reveal albedos and color differences on different faces, but spatial
resolution is lacking. A near infrared imaging system on STARLAB aboard
the Platform would resolve a useful number of compositional domains on
a number of largely airless bodies in the solar system, including the
Galilean satellites, Pluto, and Ceres. It would also resolve composi-
tional detail in lunar regions of particular interest.

If Neptune has rings, they will be difficult to discover by the
occultation technique that worked so well for finding the rings of
Uranus, because Neptune is unfavorably oriented. It will also be diffi-
cult to find out in a statistically meaningful way whether the larger 	 .^
asteroids commcnly have satellites like those recently discovered
around Herculina and Pluto. Rotating subsystems may be a c*moron fea-
ture of the outer solar system. If so, they have implications concerning
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the distribution of angular momentum in the solar nebula. A CCD imaging
camera on STARLAB aboard the Platform should have an adequate opportunity
to conduct an imaging survey of objects in the outer solar system.

Instrument Description. As currently planned for operation aboard
Shuttle, STARLAB is an f / 15 Ritchey-Chretian telescope of 1-meter aper-
ture. With refractive correctors, it will provide a flat field 0.5-
degree in diameter with images smaller than 0.3 arc-second. Without the
correctors, it will provide critical imaging over a field of a few arc-
minutes. At the focus (behin, the primary mirror) is a cluster of auxil-
liary instruments, with a movable flat mirror to direct the image into
the one selected.

Mounted on the Space Science Platform, this same telescope system
would largely meet the scientific requirements outlined above if designed
for long life and if equipped with the appropriate auxilliary instruments.
The main exception would be to substitute a secondary mirror providing
f/30 instead of f/15.

The minimum auxilliary instruments would include a cooled CCD
camera, an echelle spectrograph with cooled CCD output, and an image
acquisition/guiding system. Present CCD's with 15 µm pixels would
adequately read diffraction-limited images over the wavelength range of
main interest. If an infrared imaging system becomes available to reach
longer wavelengths than a CCD, it may better satisfy the spectrophoto-
metric requirements for surface composition studies.

3.3 Infrared Telescopes (SIRTF, LIRTS)
'r

Scientific Rationale: Two fd;:Ality-class telescopes currently
under study for Shuttle service have great potential for planetary obser-
vations at IR wavelengths (2 - 500 um). Present ground-based IR obser-
vations are increasingly limited by two natural obstacles: obscuration
by the terrestrial atmosphere, and obscuration by the thermal background
radiation. Some of these difficulties can be reduced by observing from
high altitude facilities such as aircraft and balloons, but only an
Earth-orbiting, cryogenically cooled telescope can eliminate both types
of obscuration. The SIRTF (120 , K, 1.2m aperture) offers unprecedented
sen., itivity for producing high resolution spectra of planets, comets, and
the atmosphere of Titan. The LIRTS (ti300K, 3m aperture) also eliminates
telluric obscuration, but background levels are so much higher than on
the SIRTF that, in spite of its larger aperture, the LIRTS is not in
general as sensitive, although the disparity is sometimes not large and
should be separately evaluated for every different combination of spec-
tral resolution, field of view, spectral bandwidth, eta. Both telescopes
operate with a cluster of instruments sharing the focal plane. The
various spectrometers in these instrument complements are most relevant
to planetary studies, although detection of small, very weak objects may
use IR photometric capabilities as well, where sensitivities (on the SIRTF)
exceed ground-based limits by as much as 10 3 . The discussion below out-
lines some solar system spectral studies that can be conducted with these
IR telescopes.

Y
r
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3.3.1	 High Resolution Spectroscopy Of Planetary Atmospheres. 	 Histori-
cally, the detection of planetary atmospheric constituents has been the
exclusive domain of ground-based spectroscopic observations, but plane-
tary fly-bys, orbiters and atmospheric entry probes have increasingly
dominated studies of the terrestrial planets. 	 For the Jovian planets,
however, there still remains a vital role for remote spectroscopic meas-
urements oriented to reconnaissance of spectral regions never before
observed, or to regimes of spectral resolution and sensitivity that can;
not be achieved with space instrumentation. -

Planetary observations from Earth-orbit can provide the following
specific results. 	 A systematic determination of elemental (H, N, C, P,
S, 0, Si, F, etc.) and isotopic (D, C 13 , N15, etc.) abundance on Jupiter,
Saturn, Uranus, Neptune and Titan is possible using high resolution
spectroscopy.	 A search for trace atmospheric constituents (hydrides,
simple hydrocarbons) down to the ppm-ppb level will also be conducted
with the same data sets. 	 Thse results will bear directly on numerous
goals identified in Part I. 	 Progress that can be anticipated can be
inferred from present knowledge of the atmosphere of Jupiter. 	 In 1969,
only 3 constituents were identified in its atmosphere. 	 Now there are
13 with some of the recent detections (PH3, CO) being very surprising. °•
These results have significantly influenced models of Jovian atmospheric
chemistry and meteorology and, predictably, they have raised as many
questions as they have resolved. 	 Comparative spectral measurements of
thse objects will therefore continue to be a major goal of planetary
astronomy.

3.3.2 Low Resolution Spectroscopy Of Surfaces. Many minerals reveal
their most diagnostic spectral features at IR wavelengths, but astronomical
observations of asteroids and satellites at these wavelengths are even	 !
more difficult than for the planets due to reduced flux levels. A SIRTF 	 s
class telescope is an optimized facility for these studies, and only low
resolving power (ti102 ) is required to reveal the broad absorptions of
minerals. Some of the specific experimental goals are:

(1) Location of sources of primitive carbonaceous chondrite matter
on asteroids. The CH and OH spectral signatures at 3 = indicative of
this type of mineral assemblage can be sought on a large population of
asteroids. Present capabilities are limited to photometric observations
of only the largest and brightest asteroids (i.e. Ceres, Pallas). These
results will bear directly on the extraterrestrial source of organic 	 t
matter, including resolution of cometary versus asteroidal origins. 	

.^

(2) Search for ices on satellites. The relatively unevolved compo-
sitions of satellites in the outer solar system can be directly related
to the condensed volatile (icy) phases of the solar nebula. The Galilean
satellites and the larger satellites of Saturn are accessible with ground- 	 •^
based techniques, but their smaller satellites and those of Uranus and
Neptune require the sensitivity of a SIRTF-class telescope.

r
(3) Relationships between meteorites and asteroids. Comparative

spectral studies of meteroites and asteroids permit the detailed chemical
and thermal histories seen in the former to be ascribed to probable

r
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source bodies in the solar system. Low resolution (10 2 ) broad spectral
bandwidth (2-20) um) measurements of many objects are required to demon-
strate convincing associations.

Instrument Description: No single spectrometer can need the diverse
requirements on spectral resolution, wavelength coverage, field of view,
etc. for the wavelength region assumed here (2 - 500 um). The SIRTF
focal plane instruments team has identified several spectrometers that
collectively provide this coverage, including Fourier, echelle, and
conventional grating designs. In general, the Fourier s ectrometers are
optimally suited for very high resolving powers (10"-10 at any wave-
length, for all work beyond about 100 um, and for all fields of view
substantially wider than the diffraction limit. For moderate resolving
power (10 3 ), diffraction limited fields of view, below 100 Um an echelle
spectrometer is attractive, while for low resolving power (10 2 ) below
100 um at the diffraction limit a multi-channel grating spectrometer is
preferred. The SIRTF interim report (April, 1978) compares the perform-
ance of these instruments on the SIRTF with respect to flux levels avail-
able from representative solar system bodies.

Both the SIRTF and the LIRTS were originally conceived for the
Shuttle sortie mode, but there are advantages to converting them to free
flyers. Thus, their deployment on a Space Platform is potentially very
significant to their scientific productivity. If the cryogenic life of
tie SIRTF can be significantly lengthened on the Space Platform, for exam-
ple, longer integration times and,broader spectral coverage can be
achieved, with potentially useful influence on the planning of spectral
measurements from deep space probes. The large number of satellites and
asteroids that can justifiably be observed spectroscopically will require
substantial amounts of telescope time. By operating the SIRTF on the
Space Platform, a large. fraction of this population will be accessi-
ble with potential influence on the targeting of asteroids for follow-up
fly-by and sample return missions.

Another potential advantage of Space Platform operation is reduced
contaminant levels compared to the Shuttle environment. This could be
compromised however, if another experiment sharing the Platform ejected
molecular or particulate wastes. Other environmental perturbatious
that could adversely affect SIRTF operation are excessive vibrations and
electromagnetic interference. Pointing conflicts with other experiments
would detract from the observing efficiency possible with the Space
Platform. Thus, operation of the SIRTF on the Space Platform is attrac-!
tive, but full committment to this mode must await more complete defini-
tion of the characteristics of its neighbors and the priorities associated
with resolving conflicting demands.

3.4 Submillimeter Telescope

3.4.1 Scientific Rationale. A submillimeter telescope in Earth orbit
would open up a new and unexplored spectral region for investigations of
planetary atmospheres, comets, and the surfaces of the small solar system
bodies such as the natural satellites, and the larger asteroids. Ground-
based observations are extremely limited by the atmospheric opacity which
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varies by orders of magnitude with altitude and wavelength across the T
submillimeter spectrum.	 Yet the solar system objects are among "the r
brightest" objects in the sky at these wavelengths; all of the planets +
and several of the satellites and larger astroids can be observed with
high signal-to-noise.

Although a 10-m class submillimeter telescope could be orbited as
a free flyer, attachment to a space science platform would benefit the
operation of the facility if (a) pointing stability could be improved,
(b) cryogenic receivers could be readily serviced, and (c) greater flexi-
bility could be realized in the combinations of receivers and data A
systemse t

i

Typical investigations in the field of Planetary Science would
include: i

(1) Spectroscopic studies of planetary atmospheres to search for
molecular species would be conducted. 	 Follow-up studies would be made to
study the distribution and circulation of these molecules in the planet's
atmosphere.	 We note that both Venus and Jupiter would be resolved with
a 10-m telescope so that the circulation and meteorology of their atmos-
pheres could be studied. 	 Strong transitions of CO have been measured in
Venus' atmosphere; observations of the higher level transitions could be
made with better spatial resolution. 	 Strong transitions of H2 O in the
sub-millimeter spectrum offer the possibility of detecting this very
important trace constituent. 	 Searches for other molecules, especially
those produced by non-equilibrium processes, would be made in the atmos-
pheres of the giant planets. 	 Molecular abundance determinations as
well as measurements of their distribution in temperature and pressure
in the planet's atmosphere would help answer fundamental questions rela-
ting to the origin, evolution and currently active processes in planetary
atmospheres.

(2) Spectroscopic studies of the composition of comets, with special
effort devoted to the detection of parent molecules such as H2O, NH 3 , HCN,
etc. The submillimeter rotational transitions of these molecules are
orders of magnitude stronger than those at wavelengths >1 mm where pre-
vious observations have been concentrated. A platform-based facility
would permit studies of the temporal development and spatial distri-
bution of various molecular species during the approach and recession
stages of a.cometary apparition.

(3) Continuum measurements at submillimeter wavelengths of satellites
and the larger astroids would provide new information on the temperature	 =
and physical states of the surfaces of these bodies.

3.4.2 Instrument Description. The submillimeter telescope envisioned
for use on a space science platform is of the 10--m class described in the
report of the Submillimeter Space Telescope Working Group (April 1978:JPL	 -
740-3). The anter,.na would be carried into orbit aboard the shuttle and
deployed on orbit. Surface accuracies of — 20µm rms are planned so that
diffraction limited operation to 0.3mm could be obtained. Coherent
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receivers would be employed at A--0.3mm, whereas the system could be
instrumented with bolometers at the shorter wavelengths. Both spectro-
scopic and continuum receivers would be employed with bandwidths as wide
as practical. Because molecular lines are subject to pressure broadening
in planetary atmospheres, our spectral-line receivers require greater
total bandwidths than those typically employed for interstellar spectro-
scopy. Total bandwidths should be 500 MH , but spectral resolution
requirements are quite modest: OJT-10 X.

Spatial resolution will be of the order — V to —15". Consequently,
j	 the antenna pointing system requirements will be of the order —0.5" or
f	 better.

3.5 Widefield Comet Camera.

From calibrated images of comets in bandpasses corresponding
to resonance transitions of specific atoms, molecules, radicals and ions,
one can infer their concentrations and production and loss rates. Such
quantities are essential for inferring the composition of comets and the
microphysical processes which occur on their surfaces during their active
phase. Ultraviolet imaes of comets are therefore a valuable analytical
tool. Filters at 1216 1 (H) and 3100 X (OH) would be particularly useful
from previous experience. It may be prudent to defer further specific
choices until the IUE cometary program produces results.

Short wavelength images of comets generally suffer somewhat from
dust extinction, preventing the study of mass motions of cometary material
near the nucleus and orbital plane. Longer wavelength images are much

r. less affected by dust.
7

Imaging comets from space offers several strong advantages over
ground-based observations. First, the ultraviolet is not accessible from
the ground. Second, at 7000 X, the sky brightness is an order of magni-
tude fainter in space than on the ground. Since comets are generally
faint, this advantage is important.

However, comets often achieve very large angular sizes, of the
order of arc seconds or more. Most space systems don't have this capa-
bility. For example, Starlab has a field of 0.5 degrees, and other
systems have less, usually much less. There is therefore an important
use for a wide field imaging system, with ultraviolet and red capability.

3 NASA astrophysics planners have identified a useful space mission
called the Deep-Sky Ultraviolet Survey (DUVS). It features a 0.8 meter
folded Schmidt-Cassegrain system with an image-intensified ultraviolet-
sensitive film or electronograph. It is all-reflecting, and therefore
can function over a wide wavelength range. It can record 5 0 fields with
1 to 2 arc sec resolution.

r

	

	 It is currently intended for use in the Shuttle sortie mode. It
is designed for speed: specifically to be able to survey the entire
sky in several passbands in four sorties. The astrophysicists have
identified several areas of stellar and gala.:tic astronomy that could
benefit from such an instrument. The imaging of comets should be added
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to this list. We note particularly that the return of Halley' s
comet in 1986 occurs during the time when DWS may be active.

During the Halley apparition, significant Shuttle activity will
be dedicated to it. Part of this could be a synoptic series of images
with the DWS system with detectors and perhaps secondary mirror modi-
fied to improve the spatial resolution, but operated essentially in the	 -^
nominal DWS mode. It should be noted that DWS spatial resolution is
detector-limited. It could readily be improved to about 0.5 arc sec
for a dedicated mission. This should be compatible with Shuttle pointing.

Heretofore, no connection with the Space Platform has been made.
However, if the above described venture does yield good science, these
will be a firm basis for evaluating whether the system should be modi-
fied permanently, after the DWS nominal mission is complete, for instal-
lation on the platform, to await targets of opportunity.

In summary, this concept is not a driver for creation of a plat-
form, but has the potential for using one to advantage.

3.6 Larae Meter-Wavelength Arrays

Comprehensive studies of planetary magnetospheres and co-rotating
plasmas can be made by remote observations of the radio bursts that are
observed at long radio wavelengths. The synoptic measurements of Jupiter's
"radio storms" at decametric wavelengths provided the empirical evidence
of Io's strong interaction with the Jovian magnetosperic medium. Con-
tinued study of the Jovian magnetosphere with greater spatial resolution
and initial remote reconnaisance of the magnetospheres of the other giant
planets (subject to the confirmation by Pioneer and Voyager that these
planets do indeed possess Jovian-like magnetospheres) would be possible
with a large meter-wavelength array in Earth orbit.

This prospective array should be sufficiently large to provide	 i

directivity to discriminate against other natural sources of emission
(e.g. solar, galactic, terrestrial); at wavelengths from several hun-
dred meters to kilometers. The physical size of the array could be 	 {
very large compared to the probable size of the space platform. For 	 •-
this reason it seems most likely that the array would be a free flyer.

3.7 Micrometeoroid Studies

These tiny objects constitute a significant but mostly unstudied
component of the interplanetary medium. Opinions about their origins
are necessarily somewhat speculative. Tentative hypotheses present them
as particles being expelled by solar radiation pressure, as cometary
debris in heliocentric orbits or as interstellar grains in hyperbolic
orbits.

A simple, gated passive collector mounted to a space platform
could effectively preserve incoming directional information, and greatly
improve the existing statistics on trajectories. Such an experiment is
exceptionally attractive because there are zero telemetry or power require-
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menta. The pointing requirements are modest in relation to other astro-
nomical experiments. Perturbations due to neighboring experiments would
undoubtedly be insignificant. However, the pointing would have to be

(	 stable over the duration of the exposure to achieve the directional goals.
F	 A straightforward device that exposes new collector areas every time the

platform experiences a major reorientation can be envisioned. The LDEF,
which is gravitationally stabilized in the Earthward direction, would
be unsuitable for this work.

An intrinsic feature of the space platform, that is also requisite
for this type of experiment, is the long time baseline available for
sample collecting. This is particularly important in the mass range
10 119m.

}	 3.8 Planetary Processes Laboratory

A space platform offers zero gravity and zero or very low pres-
sure conditions which approximate better than terrestrial laboratory
conditions the early solar system environment. Chemical experiments,
as yet undefined to test planetary formation models, may be profitable
in this situation. However, it should first be established that such
experiments require the long duration capabilities of the platform, as
opposed to the Shuttle sortie mode. A second category of experiments
for such a laboratory is impact cratering, but this is almost certainly
achievable from the Shuttle sortie.

This facility is therefore also not a driver for space platform
construction, but is a potential user.

3.9 Instrument Test Facility

Deep space missions currently require elaborate pre-launch testing
to ensure an acceptable probability for mission success. The major ob-
stacle that must be overcome on present missions occurs after all these
tests - the trauma of launch.

An efficient method of reducing this effort, which makes use of
the Shuttle capabilities, is to test the instrumentation for such missions
in space after launch but before trans-planetary insertion. The space
platform may have distinct advantages over the nominal shuttle sortie
mode for this task, both because instrument degasszag time may be too
long and the Shuttle environment too polluted for precise work.

In general, instruments designed for flyby or orbiter operation
--	 are not well suited for general astronomy, because the signal levels are

very different. Therefore, calibration measurements may be the only oper-
ationally useful data that are collected, other than engineering data on
specific components that may require replacement or adjustment. Such
operations do not require any pointing capability.

There are some exceptions to the previous paragraph; for example,
Voyager imaging of the Earth and Moon. However, such data would be a
bonus, over and above the aims of this facility, and would require more
complex operations.
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4. PLATFORM REQUIREMENTS

The platform requirements are summarized ir, Table 4.1.

5. SUMMARY

The Space Science Platform is potentially advantageous for 	 i
planetary science investigations if:	 -j s

(1) Environmental perturbations (contaminant levels, vibrations, 	 V
EMI) are kept substantially below Shuttle levels.

(2) Substantially increased continuous operation (minimum factor 	 !^
of 5) is possible of cryogenic systems and for measurements requiring
long integrations or extended synoptic coverage.

(3) Competition among pointing facilities is minimized (idle time
2M) .

(4) Telescope pointing for iR telescopes is at least as good as
on Shuttle ( 0.25 arc sec) and pointing of UV and optical telescopes
approaches that of the Space Telescope ( 0.002 arc sec).
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SOLAR PHYSICS PANEL

Panel Chairman: Ron Moore, Cal Tech
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Stuart Jordan, GSFC
Neil Shealy, NRL
Einar Tandberg-Hanssen, MSFC
George Withbroe, HCO-SAO
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1. INTRODUCTION AND OVERVIEW

The Sun confronts the discipline of solar physics (along with
astrophysics and solar/terrestrial physics) with several fundamental
problems which are now generally recognized and identified in bored
outline. Physically and observationally, these problems fall into the
following five different but related categories (the names of which are
somewhat arbitrary):

• Structure of the Core: The neutrino problem (nuclear energy
release); solar oblateness (possible rapid rotation of the core); g-
mode oscillations.

e Solar Cycle: The solar dynamo; differential rotation; structure
of the convective envelope; the 5-minute p-mode oscillations.

• Structure and Evolution of the Solar Atmosphere: Emergence of
magnetic fields, active regions and fine-scale magnetic fields (emerging
flux regions, chromospheric network, filigree); large-scale magnetic
field structures (coronal holes and arcades); atmospheric heating and
mass flow (corona and solar wind).

e Flare and Transients: Precipitous conversion of magnetic energy
to plasma energy (MHD and plasma instabilities, particle acceleration,
bulk mass ejection, shock waves).

e Solar Outputs (Solar-Terrestrial Relations): Radiation (total and
spectral solar irradiances); solar wind (high speed streams, magnetic
sectors); flare/transient mass ejections (interplanetary plasmoids; shock
waves).

Observations during the past decade, both from space and from the
ground, have led to an increased understanding of and interest in each of
the above areas. For example, the results of the neutrino capture experi-
ment and conflicting results of measurements of the oblateness by two
different groups leave the structure of the core still very much an open
question. Conversely, observations of the 5-minute oscillations have
convincingly demonstrated that these "surface" oscillations are high-
harmonic global modes of the Sun which are driven by the convective layer,
and hence can be used to deduce the internal structure and rotation of
the convective layer. Ground-based observations of the solar magnetic
field in the last five years indicate that, at the level of the photo-
sphere, most of the flux is contained in sub-arc sec bundles having field
strengths of the order of 1000 gauss. Owing to the greatly improved
spatial resolution (1-5 arc sec) at EUV, XUV and soft X-ray wavelengths,
Skylab brought many new advances in understanding of the structure and
evolution of the solar atmosphere (e.g., structure of active regions and
coronal holes) and of flares and transients (e.g., configuration and
energy balance of the ten million degree thermal flare plasma; coronal tran-
sients). Finally, indirect evidence from correlations between the solar
outputs (flare activity, solar wind sector boundaries) and terrestrial
weather and climate have led to a new awareness of the importance of
accurately measuring and monitoring the solar outputs for solar-
terrestrial studies.
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The solar missions planned for the next five years certainly will
make significant advances in many of these areas. For example, the Solar
Maximum Mission (SMM) will provide basic new information on the impulsive
phase of flares, in particular the spatial locations and patterns of the
hard X-ray emission. However, the SMM spatial resolution in both hard and
soft X-rays will be only about 8-10 arc sec, whereas Skylab and ground-
based observations have shown that there is significant structure in the
flare kernel well below this limit. Spacelab will bring development of
larger X-ray, XUV and EUV telescopes for observations from space with arc
sec or sub-arc sec resolution at these high energy wavelengths. In
addition, Spacelab will allow optical (visible and UV) telescopes with
very high spatial resolution (0.5- 0.1 arc sec) and magnetographs which
have been too large for previous space missions. Thus, it is clear that
observations from the new generation of SMM and Spacelab experiments should
lead to several major advances in our understanding of the Sun, particularly
concerning the energy build-up and release in flares and the fine structure
of the "steady state" solar atmosphere.

While Spacelab will be excellent for developing new solar experi-
ments which observe the Sun with unprecedented resolution and precision,
the fact remains that a Spacelab mission will last for at most two weeks.
This limitation is severe for observing those solar phenomena which have
either low occurrance rates or long evolutionary time scales. On the one
hard, for example, complex active regions which produce very large flares
occur only a few times a year even at solar maximum and so cannot be
trusted to occur during the one or even two dedicated solar Spacelab
missions per year. On the other hand, active regions, large-scale
magnetic fields, the solar cycle, and perhaps the solar irradiance evolve
on time scales from months to years to decades, and hence cannot be
adequately studied by observations in a few one or two week time intervals
per year. Thus, the greatest advantage of a Space Platform for solar
physics is the long observing time which allows:

(1) observation of rare, but important, events such as very large
flares or transients; and

(2) observation of the evolutionary aspects on time scales of
months to years.

The other basic capabilities of a Space Platform (i.e., increased
available power, weight and space over that of the Shuttle/Spacelab,
frequent access for experiment maintenance, and the possibility of manned
operation are primary advantages to solar physics in that they make possible
the extended experiment operati,)n.

In the remainder of this report, we outline several solar physics
experiments which would be considerably improved by deployment on a Space
Platform. In order of approximate increasing complexity and sophistication,
these are:

• Solar Gamma Ray Spectrometer;
• Moderate Resolution Telescope for :Magnetic and Velocity Obser-

vations;
• Lyman Alpha/White Light Coromagraphs;
• XUV and Soft X-Rav Telescopes;
• Hard X-Ray Pinhold Telescope; and
• Solar Optical Telescope (SOT).
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All of these experiments will or could evolve from similar experiments
flown on other space missions, including Skylab, SMM and Spacelab.

The above experiments will be defined and their requirements for
a Space Platform presented below. A summary of these requirements is
presented in Table 1.1. In addition to these "dedicated" experiments,
we stress here that it will be very important to utilize the Space
Platform for monitoring the Sun, both for long-term studies of the solar
output and for complementinb and aiding the operation of the more sophis-
ticated solar experiments. Such monitoring should include measurement ^)f
the solar constant, broad-band spectral measurements of the solar XUV
flux and its variations, and a moderate resolution XUV image of the Sun
to show the position and general state and evolution of active regions
and coronal holes. We assume that such monitors will be developed for
Spacelab or other solar space missions, that they will be available and
that their requirements for operation on a Space Platform will be modest.

2. SOLAR GAMMA RAY EXPERIMENT

2.1	 Scientific Rationale

One of the fundamental discoveries of the OSO-7 mission was the
emission of gamma rays from the solar flares of august 4 and 7, 1972
(Chopp et al., Nature 2411 (1973) 333). Such gamma rays result from
the interaction of the highly energetic plasma accelerated by solar flares
with the solar atmosphere around the flare site. Thus, observations of
gamma rays provide unique information on the flare mechanism itself, in
particular, the number density, energy spectrum, chemical composition
and acceleration process of ultra-high energy particle streams from
flares. As such they constitute an extremely fundamental, important
probe of flares.

Large solar flares are, however, a rather infrequent event iven
during the solar maximum period, and very 'Large flares thought to be
capable of the production of solar gamins rays are more rare still. Thus,
their observation requires long orbit stay times of a fairly massive
detector package, which makes the use of a space platform ideal for this
experiment.

Specific experiment objectives would be:

• To compare the timing of prompt gamma-ray lines such as at 4.44
and 6.129 MeV with the 2.223 MeV line, to infer the acceleration of protons
and nuclei in relation to electrons.

• To infer the energy spectrum of the accelerated particles by
stuuy of line ratios such as 1.434/0.847, 15.11/4.44 and 2.223/8.44 MeV.

*To measure the temperature and density of the positron annihi-
lation region by analysis of the line width of the 0.511 MeV line.

•To measure the 3 H enrichment by comparing the width of the 2.223
MeV line with other lines.

*To measure the C:O:Mg:Si:Fe ratios by comparison of the intensities
of the narrow gamma ray lines with the continuum.
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2.2	 Experiment Description

The gamma ray experiment planned for the Solar Maximum Mission
(1979-81) lacks the high spectral sensitivity (requiring large mass,
cryogenically cooled detectors). Conversely, the large gamma ray balloon
payloads currently ,)eing developed cannot achieve the long observing
periods to statistically enhance their ability to catch gamma ray flares.
Only the space platform offers the chance for both large mass capability
and long orbit stay-time.

The essential gamma ray experiment characteristics for use on a
space platform would be a fairly large (1 m dia x 1.5 m long), massive
(500-1000 kg) package requiring only rather coarse (*- 1/2 to 1 aeg) sun-
center pointing. The instrument would be largely passive, requiring
nominal in-orbit servicing except for perhaps cryogenic cooling of its
detectors. Either large area NaI or CsI arrays would be used as detectors.

	

2.3	 Platform Requirements

• Orbit: 100% sunlight optimum, but anything down to 50% is
acceptable.

• Stabilization: Station-keeping stability of platform probably
acceptable.

• Orientation: Sun-center ± 1/2 deg.
• Data: Continuous recording during sun-observing periods at

- 2 kbps; either store on-board and transmit only actual events, or
transmit continuously to ground.

• Maintenance/Checkout: Minimal maintenance other than possible
recharging of cryogenics; checkout by telemetry.

• Environment: Not seasitive to modest vibration levels or
contamination from thruster exhausts; would be sensitive to radioactive
materials.

• Power: 50 watts
• Operations: Ground inspection of data record; no real-time

intervention by ground or crew required.

3. MODERATE RESOLUTION TELESCOPE FOR MAGNETIC AND
VELOCITY OBSERVATIONS

	

3.1	 Scientific Rationale

There is a need for a moderate resolution (1-2 arc sec) wide-
field optical telescope for studies of solar magnetic and velocity fields.
(Suci1 an instrument will soon be proposed for Spacelab.) For many impor-
tant problems, the 0.1 arc sec capability of the SOT (see Section 7) is
not needed and the 6 arc min SOT field of view is too small. In addition,
large amounts of observing time are required for an extremely important
class of problems concerning these magnetic and velocity fields. The
following magnetic and velocity field phenomena can be studied with the
same instrument, either separately or nearly simultaneously.
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3.1.1 The Large-Scale Solar Magnetic Field Patterns. Long-term, global-
scale monitoring of magnetic fields on a time scale of 5-10 minutes and
an angular resolution of 1-2 arc seconds will provide an invaluable data
base for the study of the solar dynamo, since the behavior of these
surface fields are one of the few observables of this process. The
surface magnetic fields of the Sun are also the fundamental cause of all
non-steady state solar phenomena, and thus critical to any attempt to
really understand these events. Such observations are severely limited
when made from the ground because clouds typically prevent such continuous
periods of observation, and atmospheric turbulence prevents high
resolution magnetic observations for more than an hour or so. This
experiment would complement the nigh resolution observations to be made
from SOT.

3.1.2 Coronal Magnetic Feilds. Complete, moderate resolution magnetic
observations will.enable, using computational techniques already in
existence, the construction of detailed magnetic field extra
from the photosphere into the solar corona. Comparisons of such derived
fields with X-ray  and XUV coronal observations will enable the study of
the coronal magnetic fields to coronal holes and other coronal features,
which in turn bears on the problems ofthe origin of the solar wind and
the interplanetary magnetic field structure.

3.1.3 The Five-Minute Oscillations. By studying the 5-minute oscillation
wave modes that are present in the convection zone, it is now possible to
determine the solar rotation rate as a function of depth, which is closely
related to the dynamo process. So far, the results are only approximate,
but the potential for exciting new results is very high given sufficiently
improved observations. Platform observations will allow the long periods
of uninterrupted observations, which are essential for accurate rotation
determinations. This field is still new and the possibilities are not yet
fully explored, but it may be reasonable to expect that subsurface
variations, if any, in the structure of the convection zone, under
active and quiet regions, could be detected.

3.1.4 Flare Waves. We may expect that sensitive, large-scale velocity
observations might detect surface waves originating from flares or other
transient disturbances. At times, flare-associated waves are seen
propagating across the chromosphere, but good velocity measurements would
provide a valuable additional seismic probe of the convective envelope.
It might be possible to detect flares on the other side of the Sun with
such abservations, which would serve as probes of the outer layers of
the solar atmosphere just as earthquakes probe the terrestrial mantel.

3.1.5 Large-Scale Solar Circulation. Global-scale velocity circulation
patterns in the solar atmosphere have recently been detected. Little is
yet known about these low-amplitude motions, but it is obvious that long-
term observations of these flow patterns will be an important contribution
to the study of the solar convection zone, and perhaps the dynamo, process
as well.
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3.2	 Experiment Description

Angular resolution of 1-2 arc seconds is required, for which a
Questar-type telescope of aperture 5-6 inches is more than adequate. A
field of view of nearly 1/2 degree is required. A filter similar to that
proposed for the SOT magnetograph is required. A CCD detector would be
needed with - 10 6 picture elements.

3.3	 Platform Requirements

• Orbit: High inclination orbit so as to give frequent long
intervals of uninterrupted sunlight.

• Stabilization: About 1/2 - 1 arc second for intervals of a 	 }
few minutes, thus requiring a dedicated solar pointing gisbal.

• Orientation: Sun pointing with absolute orientation of t 10
arc seconds.

• Data: Telemetry rate of - 10 MHz. The fast mode would be one
frame each--3 seconds. The slow mode would be one frame each - 5 minutes.

• Maintenance/Checkout: Minimum maintenance required.
• Environment: The filter may require special care during launch

to avoid damaee from vibration. Scattered light in the vicinity of the
platform should not be a problem.

• Power: Low, perhaps 200 W at 28 v.d.c.
• Operations: Occasional commands to switch between fast and

slow mode, or from magnetic to Doppler observations.

4. LYMAN ALPHA CORONAGRAPH/WHITZ LIGHT CORONAGRAPH

4.1	 Scientific Rationale

A pair of instruments that could obtain unique, exciting new
scientific information about the structure, heating and mass flow in
the corona are a Lyman alpha coronograph and white light coronograph.
At the present time there is no reliable method for measuring coronal
temperatures beyond a few tenths of a solar radius above the surface. 	 {
However, measurements of coronal temperatures out to several radii can
be made using the profile of the hydrogen Lyman alpha line. Further-
more, combining measurements of the intensity of the coronal Lyman alpha
line with the brightness of the white light corona allows determination
of the geometry of coronal structures, the coronal hydrogen and electron
densities and solar wind velocities in the observed regions. These
measurements can be used to determine (1) the region where the solar wind
is accelerated; (2) the physical conditions (geometry, temperature, density,

4 velocity) in the acceleration region; (3) the location of the coronal
temperature maximum; and (4) the coronal temperature-density profile.
Such measurements will provide the fundamental data needed to specify
the coronal energy balance and place critical constraints on coronal
heating and solar wind acceleration mechanisms.
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One of the major difficulties in analyzing coronal data is the
problem of determining the geometry of the feature being observed. One
of the few methods of determining this geometry is through measurements
over a period up to at least a week as a given feature is carried across
the solar limb by solar rotation. (For long lived features, such as coronal
holes and streamers, observations over an entire solar rotation (28 days)
are especially useful.) Even more demanding, the study of the evolution
of coronal structures requires long term observations (weeks to months).
Hence, in order to realize the full scientific potential of a Lyman alpha/
White Light coronagraph combination, long term operation such as could
be obtained on the Space Platform, is vital.

Flight of Lyman alpha/White Light coronagraphs in earth orbit
during the polar passage period, mid-1986 to mid-1987, of the Solar Polar
Mission would be particularly valuable because of the opportunity to get
stereoscopic measurements of coronal structures. Other complementary
instruments include (1) a coronal emission.-line poiarimeter for measuring
the direction of coronal magnetic fields; and (2) an XUV or soft X-ray
instrument which could determine the temperature-density structure in the
lower corona (heights within a few tenths solar radius of the surface)
where coronographs cannot make measurements.

	

4.2	 Experiment Description

A typical Lyman alpha curonograpli will have a mass of 130 kg,
size 50 x 50 x 300 cm, field of view 1.5 x 1.5 solar radii, spatial
resolution of 10 to 60 arc sec and use a photoelectric detection system.
A typical white light coronagraph will have a weight of 100 to 150 kg,
size 75 can x 75 cm x 200 cm, field of view of 12 solar radii, spatial
resolution of 5 to 10 arc sec and use film as a recording medium.

	

4.3	 Platform Requirements

• Orbit: Greater than 200 km height (inclination not critical).
• Stabilization: Both telescopes require a pointer such as IPS,

with a pointing accuracy of 10 arc seconds and pointing stability of 2 arc
seconds.

• Orientation: A capability of observing during the entire sun-
light portion of the orbit is highly desirable.

• Data: For the White Light coronagraph, film is the probable
recording medium. For the Lyman alpha coronagraph, the telemetry rate
is about 100 bps. Ideally the data should be down-linked in real time
or, if stored on board, downlinked within an orbit or two for "quick look"
purposes on ground. Data quality must be high (all bits transmitted by
instrument to spacecraft will be significant).

• Maintenance/Checkout: Checkout by Shuttle crew possible. Film
camera changes required for White Light coronagraph during Shuttle visits.

*Environment: Coronagraphs require a clean environment to reduce
stray light due to scattering by particulates and gas molecules along the
line of sight to the Sun. A clean environment is also needed to avoid
contamination of optical surfaces.
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• Power: The power requirements exclusive of thermal control

systems is about 100 watts for each instrument. How much power is
required for the thermal control system will depend on the severity
of the thermal environment on the Space Platform.i.

	

	 . Operations: Normally the experiments will be operated from
the ground by command. Real time commanding and data are desirable.
During visits of the Shuttle the experiments could also be operated by
payload or mission specialists.

r

5. XUV AND X-RAY INSTRUMENTS

	

5.1	 Scientific Rationale

The scientific objectives involve two complementary modes of
operation. First, a wide-field, high-spatial resolution XUV spectro-
heliograph and X-ray heliograph are essential for observing the
structure and evolution of chromospheric, transition-region and coronal
plasmas. Second, narrow-field, high-resolution XUV and soft X-ray
spectragraphs are necessary to determine the physical characteristics
(temperature, density and velocity) of the evolving plasma. These two
types of instruments yield data that should permit one to determine
both row the sun's inner corona and transition zone evolve and the
mechanisms responsible for that evolution.

In conjunction with a photospheric magnetograph and a corono-
graph, the XUV spectroheliograph and X-ray heliograph would be a power-
ful combination for studying the way in which bipolar magnetic feilds
emerge and interact to form large-scale structures such as coronal
holes, coronal arcades and streamers. Simultaneous observations in
emission lines ranging from chromospheric to coronal temperatures would
insure that atmospheric material could be traced even as it is heated
or cooled.

Long-duration missions are essential to accomplish these objectives.
First, synoptic observations for periods of several weeks to months will
be necessary to trace the evolution of active regions from their birth
to their decay. Second, to study rare events with convincing statistics,
observations will be required over years, especially to compare the
behavior of such events at different phases of the sunspot cycle. Thus,
for example, several years of observations might be required before one
will understand the physical processes that lead to geophysically important
flares.

	

5.2	 Experiment Description

Upgraded versions of the Skylab/ATM XUV spectroheliograph (S-082A)
and X-ray heliographs (S-054 and S-056) would satisfy the requirements
for the wide-field of view (full disk) instruments. A spatial resolution
of approximately one arc sec is essential for observing the detailed way
in which the XUV and X-ray structures change,
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Simultaneous, high-resolution, full-disk observations at several
wavelengths in both a synoptic mode (- 16 exposures /day) and a flare/
transient mode (. . 6 exposures/minute for occasional hourly intervals)
will require a large data-recording and storage capability. These require-
ments suggest film as the recording device.

The grazing incidence solar telescope (GRIST), currently being
studied by the European Space Agency, could serve as the desired narrow-
field XUV spectrographic instrument. This instrument uses a large
Wolter Type II telescope to feed two or three focal plane instruments
such as a high-resolution, grazing incidence spectrograph and an EUV
spectrograph. The overall experiment size is roughly 2 x 2 x 5 meters.
The spatial resolution will be 1 arc second. (See ESA documentation for
more details.)

The soft X-ray facility, currently being proposed for a future
Spacelab flight, could serve as the desired narrow-field soft X-ray
spectrographic instrument. This instrument was a large Wolter Type I
telescope ( based on HEAO-B technology) to feed a number of focal plane
instruments such as crystal and grating spectrographs and imaging cameras.
The uverall instrument size is roughly 1 x 1 x 7 meters. The spatial
resolution will be 1 arc sec.

	

5.3	 Platform Requirements

Orbit: Height of at least 400 km to minimize absorption of
XUV solar radiation by terrestrial atmosphere; inclination not critical,
but continuous sunlight would be useful for some studies.

• Stabilization: Better than 1 arc second, but probably 0.1-
0.3 arc second would be desirable during each exposure.

• Orientation: Solar pointing.
• Data: If film recording is used, means should be provided for

film changes by frequent astronaut visits. The telemetry could be compar-
able to that of Skylab with occasional operation by ground commond possible.

• Maintenance/Chcekout: Same as ATM.
• Environment: Minimal out-gassing and thruster burns.
• Power: Typically 100-200 watts per instrument.
• Operations: Ground command necessary on occasions where high

frame rate :nodes desirable (automatic operations possible for synoptic
mode); crew attention necessary for film changes and retrieval. Manned
observations sometimes desirable for special experiments, but not always
essential.

6. HIGH-RESOLUTION, HARD X-RAY EXPERIMENT (PINHOLE CAMERA)

	

6.1	 Scientific Rationale

High-resolution data in the hard X-ray domain (a ,^ 1 A, E 	2 keV)
can give information on non-thermal conditions in the plasmas to be studied.
Imaging with grazing-incidence, focusing X-ray telescopes is possible for
soft X-rays; for very hard X-rays a pinhole-camera technique is the
logical solution. The pinhole mask, which will consist of lead, need
only scatter the radiation rather than totally absorb it. By using a

r
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large number of pinholes the collecting area of the telescope is
significantly increased. The many overlapping images must be combined
into a single image by deconvolution techniques.

The high spatial resolution data, whose acquisition is discussed
below, are imperative for the study of non-thermal conditions in flares;
the site of particle acceleration during the basic flare process; and
the distribution of trapped electrons in the Sun's corona. Consequently
it is necessary to measure the hard X-ray flux from flares and from the
corona in the energy range 2 < E < 70 keV, with angular resolution of
about 1 arc sec. To the extent it is possible to use the mask as an
occulting disk, the instrumental set-up can be used also as a White-Light
coronograph that can observe the corona with higher spatial resolution
and closer to the photosphere than is possible at other than at a natural
solar eclipse.

To have a reasonable chance to observe a very 'large energetic flare
with an intense hard X-ray signature, the mission must be planned to last
several to many months. Consequently, mounting the instrument on a semi-
permanent space platform would greatly increase the probability of obtaining
very high quality data.

6.2	 Instrumental Description

The telescope consists of an opaque mask with pinholes (of diameter
d) and a detector array at a distance D from the mask. The real, inverted
image formed by the pinhole camera has an angular resolution given by
the ratio d/D, and the depth of focus in infinite. Position-sensitive
Xenon proportional counters will be used to detsct photons up to -70 keV
energy. Specific numbers can be given, e.g., a 10 m diameter mask with
5 mm pinholes situated 1 km from a 1 m x 1 m (3 arc min field of view)
position-sensitive detector will give an angular resolution of 1 arc sec
(2.5 mm spatial resolution on the counter assembly). The mask requires
about 2 g cm 2 lead absorber, leading to a total weight of about 1600 kg.

To maintain the high spatial resolution it is necessary to know
the mask pointing and orientation relative to the image at all times.
With the mask mounted on a platform and the detector assembly as a sub-
satellite it seems possible to maintain detector separation and alignment
with the mask by means of a low energy, pulsed gas-control system. The
required station keeping is secured by means of optical laser alignment
techniques.

Ar.. initial, more modest telescope, whose station-keeping between
mask and detector is much less severe, could consist of a 1 m diameter
mask with 0.5 mm pinholes placed 100 m away. Angular resolution of 2 arc
sec could be obtained under these circumstances on a 0.5 m x 0.5 m (15
arc min field of view) prrportional-counter area with spacial resolution
0.25 mm, i.e., about 4 x 10 0 pixels. By mount'.ng both the mask and
detector on the space Platform, the station-keeping problems might be
vastly reduced.
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	6.3	 Platform Requirements

• Orbit: 100% sunlight optimum, but anything down to 60%
acceptable.

• Stabilization: Detector relative to mask X-Y ± 1 arc sec (rms).
Mask position ± 10 cm (rms). Pitch and Yaw *_ 1/2o. Rollt 1 arc min.

• Orientation: Sun pointing ± 1 deg.
• Data: 500 k bps
• Maintenance/Checkout: Fuel consumed by subsatellite must be

resupplied.
• Environment: Consideration must be given to contamination from

thruster exhause for use as coronagraph.
• Power: 500-1500 watts, depending on station-keeping option

selected.
• Operation: Mask attached to platform; detector considered a

subsatellite with attached dry gas station-keeping propellant.

7. THE SOLAR OPTICAL TELESCOPE (SOT)

	

7.1	 Scientific Rationale

The Solar Optical Telescope (SOT) is a multi-user, facility-class
telescope with an aperture diameter of 1.25 m which will give diffraction-
limited • resolution of 0.1 arc sec at 55001 (72 km on the Sun; less than
one scale height). It operates from 1100, to 11,000► and so can observe
solar phenomena from the low photosphere up through the chromosphere and
transition region to the base of the corona. In its "basic" form, the
SOT focal plane instruments will include narrow-band filters, polarimeters
and high-resolution spectrographs. This b.isic SOT has been studied
extensively and is a serious candidate for development as a facility-
class instrument for operation on the Spacelab. However, a more highly
evolved, "full-up" version of SOT has also been propos=d for Spacelab
operations, which would impose heavy demands because of greater weight
and power requirements. If a Space Platform becomes available in the
late 1980's, it may be better equipped to provide these support requirements
of this advanced, full-up SOT than Spacelab.

All of the science problems for SOT share two features: (1) They
are different aspects of determining the temperature, density, states of
iorization and excitation, non-thermal velocity and magnetic field of the
solar plasma as a function of surface position and time from the low
chromosphere to the base of the corona, with sufficient_ resolution to
permit definitive studies of the transport of energy and mass from the
solar convection zone into the corona and beyond. (2) They are problems
which can be addressed with the payload of the basic SOT, though in
some cases the problems require, ideally, more observing time than early
Spacelab missic:is will provide. (If the full complement of instruments
planned for the f„11-up SOT is flown, then an even longer list of problems
encompassing coronal physics can be provided).
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Some scientific problems to be addressed with SOT are:

• Photospheric turbulence and rho generation of acoustic waves
• Wave propagation and non-radiative heating in the photosphere
• Penetrative convection and the generation of gravity waves
• Supergranulation flows and their evolution with time
• Small-scale magnetic fields and correlated magnetohydrodynamic

phenomena
• Physics of sunspots
• Chromospheric heating
• Transition region structure and dynamics
• Flare phenomena in the chromosphere and transition region
• Prominences
• Active region loops (cool components).

A number of requirements of the full-up SOT are, at best, just met
by the currently baselined Spacelab. These fall into the general categories
of weight, power, telemetry rate and, most important of all, duration for
required observations. In general, when the event to be studied is
comparatively rare, when good statistics are needed, or when the solar
features evolve slowly in time, more than 14 days of observing time are
required. In particular, the following studies require or would greatly
benefit from the extended observing period available from the space plat-
form:

• Evolution of supergranulation flows
• Evolution of small-scaly magnetic fields
• Physics of sunspots
• Flare phenomena in the chromosphere and transition region
• Prominences
• Active region loops (cool components).

7.2	 Experiment Description

The SOT Telescope: The SOT telescope consists of a 3.8 m diameter,
7.3 m long, semi-monocoque, aluminum truss structure, at the aft end of
which is mounted a 1.25 m, f/3.6 parabolic aperture primary mirror. The
primary mirror assembly (PMA) provides active alignment, focus, sub arc-
second pointing, rastering, image motion compensation and offset of z 1
solar diameter (32 arc min). A Gregorian secondary pod includes the
secondary mirror, heat rejection mirror and a tertiary mirror to feed
user instruments attached to the side of the SOT truss. This Gregorian
pod can be retracted for the deployment of other instruments into the prime
focus for greater operational versatility.

The Full-Up SOT Observatory: The full-up SOT observatory, con-
sidered optimum by the SOT Facility Definition Team (FDT), consists of the
following major components:

• The SOT telescope (described above).	 o
• A UV spectrograph, covering ac least 1200 < a < 1825 X and 2775

< \ < 2825 k.
• A *::::caole, universal filter and magnetograph covering 4000-11,000.
• A visible light spectrograph, covering 3900 < X < 7000 9 (the

proposed Fraunhofer Institute PETRA would serve well).
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{	 i• From three to five other solar instruments of a "PI class",
operating in both rotate-in and swing-in cannisters.

• An XUV facility-class telescope and spectrograph, such as the
European designed GRIST and the instruments proposed in a previous section
in this document, covering the range 100 < X < 1250 A. The SOT truss
would provide support and coarse pointing.

• A soft X-ray facility, such as designed by the XW/Soft X -ray
FDT (and asRroposed in a previous section), covering approximately
2<a< 100X.

7.3	 Platform Requirements

• Size of SOT: 7.3 m x 3.8 :n
• Weight of Full-Up SOT: 6600 kg
• Orbit:- Full Sun (polar is ideal) at 450 km
• Stabilization: 1 arc sec over 15 min (PMA will help here)
• Orientation: Solar pointing
• Data - Telemetry: Film Storage up to 100,000 frames. 50 ribs data

downlink with 10-6 error rate desired (optimum).
• Maintenance/Checkout: 6 mo. to 1 yr.; should be nominal
• Environment: Avoid 10-100 Hz vibration across gimbal; avoid

H2O and hydrocarbon contaminants.
• Power: 2000 watts continuous; peak not significantly greater
• Operations: Ground control identical to Spacelab POCC.
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1. INTRODUCTION

1.1 Science Objectives

One of the major results of the space age has been to give us our
present picture of the solar-terrestrial system. Space measuretuents
have demonstrated how the outer layers of the sun evolve and give rise
to the interplanetary solar wind. Furthermore, they have shown how this
solar wind interacts with the terrestrial dipole field to produce the
earth's magnetosphere and in like manner the magnetospheres of other
magnetized planets. One of the early breakthroughs was the discovery
of the radiation belts followed by the delineation of the bow shock,
the maltnetopause and the tail structure. The age-old problem of the
origin of the aurora, the cause of magnetic storms, the origin of the
radiation belts and particle bombardment of the upper atmosphere with
all its effects on communication, and weather, and in general, the cou-
pling of appreciable amounts of energy from the sun to the earth's
atmosphere have to be understood in terms of this new picture of the
earth's environment.

For the most part, the sun-earth system just described is a vast
and complex series of cosmic plasma interactions- that is, interactions
produced by ionized or electrically charged gases, in some cases very
hot, entrained in magnetic force fields. Solar-terrestrial plasmas
illustrate in many respects cosmic plasmas as they exist throughout the
universe. It is a readily accessible laboratory for investigating not
only terrestrial, but also cosmic problems.

The "colgate Report" (see bibliography) describes the study of
solar system plasmas as "an important branch of science, concerned
with problems of true intellectual significance that may be studied
effectively in space and whose importance extends t3 laboratory physics
as well as to large scale astrophysics." The report identifies "six
general abstract problems, vital to further understandiue of space
plasmas, that have already received considerable theoretical attention
and have important implications beyond the study of solar-system plasmas.
These are: (1) magnetic-field reconnection, (2) the interaction of
turbulence with magnetic fields, (3) the behavior of large-sca'e flows
of plasma and their interaction with each other and with magnetic and
gravitational fields, (4) acceleration o: energetic particles, (5) parti-
cle confinement and transport, and (6) collis ionless shocks.

Of these problems perhaps the only one that has hitherto been
addressed by the space research program in a reasonably systematic way
is the last, and it is precisely the collisionless shock problem on
which apace science has had the greatest impact. The other topics,
especially (1) and (5), are clearly of key importance to controlled
fusion research, while all six are of considerable astrophysical interest"
(from pp. 4-5),	 r

f
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The report further identifies a number of broad categories of
problems critical to further studies of the magnetosphere, as show•a
schematically in Figure 1.1 of the report reproduced here.

PROBLEM *2
HOW DOES SOLAR WIND
COUPLE PLASMA TO	 ,i
MAGNETOSPHERE?^ r

PROBLEM #1
HOW DOES SOLAR WINO
COUPLE ENERGY TO	 /	 ^►
MAGNETOSPHERE?	 PLASMA SHEET MAGNETOPAUSE

,f .	 .; ....	 PROBLEM # 3
HOW DOES TAIL DISSIPATE
STORED MAGNETIC ENERGY

SOLAR WINO	 - 	 M^ TO CREATE SUBSTORMS?
1► 	MOON-r'

^` `^+ ?,...e* !raw-

	

- ,	 ``"•'.. RECONNECTION?

'^.
PROBLEM 4	

2i> SHOCKED SOLAR WIND
#	 '^

COUPLE WITH ATMOSPHERES	
COG s^ 

NC S .^
AND IONOSPHERE?	 't80j1,

Figure 1.1. Critical problems of magnetospheric physics.

One of the most important and at the same time one of the most
complex links in the solar-terrestrial chain is the coupling between
the magnetosphere and the atmosphere (see figure 1.1, Problem I*L). It
is very possible that this coupling provides the "trigger" to release
the energy stored in the tail current and field systems, and this
coupling thus is also a part of Problem #3 (Figure 1.1). The entry,
transport and acceleration of solar plasma into the magnetosphere are
processes of major importance and are included in Problem #3 (F Sure
1.1). In the following we will suggest experiments which are addressed
to the solution of these broad categorie&. and to the six fundamental
topics identified by the Colgate Report, and for which the Space Science
Platform is the best, and in most cases the only means of implementation.
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1.2 Flight ;fissions for Space Plasma Physics

The elegant picture of the magnetosphere which we now have, has
been derived from data from a large number of special purpose free-
..Lyers, mostly of modest size. Some of the problems stated in Figure
1.1, such as numbers 1 and 2, can still be attacked effectively by
such missions, of which a significant number are at present either
operational, or approved for flight. A list of NASA missions in these
categories follows in Table 1.1. Space plasmas are also under study
on various Application or DOD missions but these are principally aimed
at evaluating the effects'of the environment on various systems and are
not listed ,ere.

Table 1.1

MISSION	 STATUS

Atmosphere Explorers C & E 	 Uperational

International Sun-Earth Explorers 1, 2 & 3	 operational

Solar Maximum Mission	 Launch 1979

Dynamics Explorers A & B	 Launch 1981

Solar Mesosphere Explorer 	 Launch 1981

Solar Polar :fission	 Launch 1983

San Marco D	 Approved

Active Magnetospheric Plasma Tracer Explorer 	 Tentatively
Approvea

Space plasma instrumentation is included in three early Shuttle
missions, namely OFT-4 (launch 79), Spacelab 1 (1980) and Spacelab 2
(1981). These i.nvestigatiors are of a preliminary type, and the
severe restrictions of early Shuttle missions limits their aoilicy to
give definitive solutions zo the problems mentioned above.

Advances in science are often tied to advances in technology. The
ability to orbit large and heavy instruments for long duration flights
makes possible a whole new class of active experiments which require
large power sources and large structures, as well as a new class of
passive observing devices of very large aperture and high resolution.

The advent of the Space Shuttle has naturally led to many studies
of its use for space science. For example, during the '':*TS" study in
space plasmas, a very detailed examination was made of how to use the
Shuttle-Spacetab system itself as a research base. As in other
disciplines, the problems which surfaced were many and.se •.ere. Despite	 t
the large inherent capability of Shuttle, the power and waight for
individual instruments is either completely inadequate or disapp-intingly
low. The limited flight duration of Sortie missions and the severe
problems of time-lining during Sortie flights does nit permit evJr.
minimum global jr temporal coverage for a large variety of experiments.
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The fact that the Shuttla exterior is covered with insulating tiles
makes it difficult to operate large particle accelerators on-board. Wave
and plasma diagnostics are difficul t_ because of EMI and other contami-
nations. The deployment of large extensidles which can not be retracted
or released is, of course, impossible.

For large instruments, theta difficulties would seem to be over-
come by the SSP concept, which supplies the essentials: power, weight,
size, duration, control and data capability.

1.3 Categories of Investigations

The space plasma investigations may be conveniently classed as
"active," which includes both the injection of tracers and major per-
turbations of the environment, or as "passive" in which the natural
environment is studied in detail to identify cause and effect relation-
ship. In a third category many investigations may be coordinated so
that all the inputs and effects in the large solar terrestrial system
may be studied together. We will now proceed to discuss a number of
typical space plasma physics investigations designed to address the
objectives in the Colgate Report and which could be implemented by means
of the SSP. These are to be considered as typical examples; many others
could be added.

2. TYPICAL EXPERIMENTS FOR SPACE SCIENCES PLATFORM

2.1	 Active Experiments

2.1.1 Plasma Wave Injection Facility. A large number of space plasma
physics investigations could profitably be carried out using a Space
Science Platform (SSP). Most, if not all of the active experiments
identified by the atmospheres, magnetospheres and plasmas-in-space (AMPS)
studies as important and possible with Spacelab can be easily accomplished
on an SSP and in most instances done more effectively. Other investi-
gations are only possible with an SSP, since it has greatly increased
resources. A Plasma Wave Injection Facility (PWIF) would be an
essential component of the SSP scientific instrumentation. The PWIF

would allow the techniques of experimental plasma physics to be used
to determine the validity of the theoretical plasma physics models
presently being applied to the magnetosphere and ionosphere and to
distinguish between rival hypotheses.

Investigations with a PWIF will attack experimentally a number
of the six general problems that were identified by the Colgate Committee
(Report, 1978) as vital to the understanding of space plasmas. Aspects
of the following problem will be better understood after a comprehensive
program of PWIF investigations:

*Interaction of turbulence with magnetic fields
•Acceleration of energetic particles
•Particle confinement and transport
• Collisionless shocks
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Descriptions of a few of the important investigations that could
be carried out with a PWIF on an SSP follow:

Wave-Particle Interactions. There is evidence that power line
radiation, primarily at harmonics of the world ' s 50/60 Hz power grids in
the kHz range, affects the electron population and produces spontaneous
wave generation in the radiation zones. Ground transmitters in the VLF 	 i
range also stimulate emissions and affect electrons. A PWIF on an SSP 	 t
would be many times more effective in studying these wave-particle inter-
actions than are ground transmitters. In addition, a PWIF operating in
the few kHz range and at the proper power level should produce signifi-
cent temporary reductions in the trapped electron population. Initial
PWIF wave-particle interaction studies can be carried out on early Space-
lab flights. These first experiments will confirm that wave-particle
interactions are indeed occurring and might be able to measure the
precipitated particle fluxes. However, much larger powers than available
from Spacelab are likely to be required to significantly reduce the
particle population. Initial SSP experiments would determine the
required power level. Later higher power experiments would deplete the
radiation zone on field lines near the SSP for the study of subsequent
refilling. Energetic particle detectors with high pitch angle resolu-
tion (- lo ) will be required to determine the precipitation efficiency
of the experiments. After the process is well understood and repro-
ducible, practical use could be made of a PWIF to drain the radiation
zones whenever a sensitive cargo of humans, electronics or solar cells
was to pass through the zones. Table 1.1 gives SSP requirements for
wave-particle interaction studies.

Magnetic Pulsations. Magnetic pulsations are wave-like variations
in the earth's magnetic field with periods of seconds or longer. They have
been observed on the ground and on high altitude satellites. Theories of
magnetic pulsation and propagation are highly complex since the free-space
"wavelengths" of the pulsations are the same order as the size of the mag-
netosphere. As a result of this size comparability, magnetic pulsations
appear to be resonances, or standing waves on geomagnetic field lines pro-
duced by propagating Alfven mode disturbances.

Field line resonances, excited by some external mechanism that
successfully transfers energy through the magnetopause are detected as
Pc 2, 3, 4, or 5 on the grou d, or by satellites in the distant magneto-
sphere. The mechanism is thought to be an imposition of large amplitude
bow shock pulsations on the magnetopause, governed by interplanetary
magnetic field (IMF) orientation; a Kelvin-Helmholtz instability at the mag-
netopause, governed by solar wind velocity and other factors and stimulated
by any available perturbation; a direct pass-through of upstream waves (from
the bow shock), also governed by IMF orientation; or any combination of
these.

Those waves which are resonant or nearly resonant in the magneto- 	 i
sphere cavity undergo minimum damping as they fill the magnetosphere. By
generating artificial Pc 3, 4 and 5 waves with the PWIF and observing them
elsewhere in the magnetosphere, the resonant magnetosphere theory can be
investigated and quantified and the acciracu of resonant frequency
predictions evaluated. ObsErvations on (or near) field lines connected
to the PWIF will also determine the damping or growth of propagating 	 ^.

i
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pulsation waves. A practical benefit of this investigation may be the

q	 ability to measure solar wind parameters accurately from ground magnetic
1	 pulsation observations.

1

	

	 In order for pulsations to be recorded on the earth they must
enro +. nter and penetrate the ionosphere and the conducting ground. Until
r:^,,vitly the conventional wisdom stated that the polarization as measured
oc she ground was nearly the same as that above the ionosphere. However,
recent theoretical calculations have shown that these polarizations may
differ by as much as 90 °. If true, this will have profound effects on
pulsation theory. Artificial pulsation generation well above the iono-
sphere and detection and polarization determination on the ground would
permit definitive evaluation of the rotation theory.

a.

A related investigation is one which tests the applicability of
adiabatic particle motion theory to the motion of highly energetic ions
(- 100 MeV/nucleon) in the South Atlantic Anomaly. This experiment is
described in detail in the inner magnetosphere energetic particle dynamics
section.

To carry out these iravestigations in the magnetic pulsation frequency
range requires a source of the waves and pulsation receivers at other
locations. The frequency range is commonly referred to as ULF and is a
very difficult range in which to excite plasma waves. The primary obstacle
is the difficulty of coupling the electrical energy into waves. Efficient
direct coupling requires an antenna nearly as long as a wavelength. Large
struct.res available on an SSP will help increase direct radiation
efficiency.

Two indirect methods of exciting ULF waves are also possible. One
method is to transmit two VLF waves, closely space in frequency which might
interact nonlinearly, giving rise to ULF waves at the difference frequency.
The second method is to cransmit VLF waves, modulated at ULF. The VLF waves
should interact with electrons near the equator, precipitating some into
the ionosphere. The precipitating electrons will act as a long antenna,
and will radiate some ULF energy. The high power available to a ULF
transmitter on an SSP will allow a large electrical power to be delivered
to the antenna. The requirements on an SSP to support a ULF transmitter/
antenna system are given in Table 2.1.

Plasma Instabilities. Plasmas with non-Maxwellian velocity
distributions are generally unstable to plasma wave growth. Theories

_	 to describe these instabilities abound, both in the linear and non-linear
regimes. These theories should be tested in the unique plasma conditions
of the ionosphere, namely, in a plasma with a Debye length very much
.maller than the container. To obtain a non-Maxwellian plasma a second

^-	 plasma component with a different velocity distribution must be added to
the ambient plasma. This can be done with an electron accelerator. To
provide a theoretically unstable total distribution the accelerating
voltage need only be a few volts (< 100 V) in the ionosphere. The beam
current must be high enough, however, to produce a beam density which is
at least a few percent of the ambient density and spread over a signifi-
cant area, certainly as large as an electron gyroradius, perhaps as
large as a few wavelengths. Wave growth will occur in the dual component
plasma when the distribution is unstable and when a perturbing wave is
present. Random fluctuations can act as the seed for wave growth, but
in this case, a wave supplied by the PWIF will grow to measurable ampli-
tudes faster.
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1
The most unstable modes are generally short wavelength electro-

static waves. Early Spacelab flights should discover how to preferentially
excite electrostatic nodes. By launching these waves into the dual com-
ponent plasma, wave growth will occur. A subsatellite on the same field 	 -
line with plasma wave detectors will be able to measure the waves and thus
the growth rates. These growth rates are predicted by theory and depend on 	 .i
the plasma distribution function, which can be measured with plasma
analyzers (RDA's, ESA's) on the subsatellite. A subsatellite with
capabilities of the Spacelab 2 PDP would be more than adequate for	 F
making these measurements. Subsatellite characteristics are described
elsewhere in this report.

Atmospheric Gravity Waves. Atmospheric gravity waves are
believed to play a role in the energy transfer to and within the meso-
sphere and thermosphere. Two major sources have been identified, the
troposphere and the auroral zones. Tropospheric gravity waves propagate
upwards and dissipate in the mesosphere and thermosphere. It is esti-
mated, for example, that 10% of the energy deposition in the upper meso-
sphere/lower thermosphere comes from atmospheric gravity waves. Those
waves arising in the auroral zone propagate horizontally toward the
equator. Again they are believed to be an effective means for the
transport of auroral energy, but no definitive studies have been made.

Atmospheric gravity waves c;)uple to the ionosphere and manifest
themselves as Traveling Ionospheric Disturbances (TID's). TID's in turn
can easily be observed by techniques designed to determine ioc:ospheric
electron densities. The properties of gravity waves are largely un-
known (for example, their speed of propagation has been estimated with
a spread of more than an order of magnitude) due largely to the fact that
most observations have been made from the ground from one or a small
number of locations. An SSP moving much faster than the group velocity
of the gravity wave will be able to provide more comprehensive data on
gravity waves than befcre possible. A topside sounder on the SSP with
directional sounding will allow a three dimensional map of gravity waves
to be constructed as the SSP passes over a TID. One way to accomplish
the directionality required is to utilize the doppler shift of the
received signal which depends on the angle between the received -ounder
pulse and the velocity of the SSP. Another more straight-forward
technique is to utilize antennas with directionality. The SSP will be
the first space vehicle with the capability to erect the large structures
required for an antenna with the necessary directionality.

It might also be possible to use an incoherent scatter radar from
low earth orbit; however, high powers and a large antenna are required.
For a 7 km spatial resolution at an orbital altitude of 250 km a peak
transmitter power-antenna area product of - 4 x 10 11 mZ W is required
to measure a density of 10 4 ele/cm 3 at 120 km with an accuracy of 10%
operating near 50 MHz. The antenna diameter is 100 m, minimum. A
minimum size antenna requires-- 10 7 MW peak power or about 250 kw input
power.

Magnetospheric Low Energy Electron Dens i ties -The dynamics of the total cold
electron population of the inner (r'4 6.6 Re) magnetosphere has been

studied for many years. However, the measurements have all been at a
single point, along a line or a few points and/or lines. The ability
to monitor constantly the electron distribution in the inner magneto-
sphere would allow great advances in the physics of the inner magneto-
sphere. These distributions will give fundamental information on
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filling processes in the inner and outer plasmasphere. Also, the radar
observation of changing plasmapause location will reflect changing
convection electric fields in the magnetosphere, a valuable tool in
determining magnetospheric dynamics.

However, the technical problems are formidable but may be soluble
with an advanced SSP. A bistatic incoherent scatter radar with a trans-
mitter at geosynchronous orbit and receiver at Jicamarca might be possible.
For- 0.1 Re spatial resolution and an integration time of one hour, the
transmitter-antenna would need a peak power-area product of- 1013m2 -W with
a minimum antenna diameter (or dimension) of 500 meters operating near
50 MHz. Densities above -10 cm- 3 would be measurable. A one kilometer
diameter dish would need a peak transmitter power of 3 x 10 5 watts or
about 100 kw input power. If the electrons and the resulting return
were partially coherent, say by being ordered by electrostatic waves,
the received signal would be higher.. Requirements on the SSP for this
investigation are listed in Table 2.1.

2.1.2 The Particle Beam In ection Experiment. Next to a solar flare,
the magnetospheric substorm or auroral substorm) is the most spectacular
display of plasma dynamics which can be studied in great detail. The
substorm releases important quantities of energy into the atmosphere
from the more distant magnetosphere in the form of Joule heat, molecular
dissociation (and reconnection) X-rays, visible, U.V. and I.R. radiations,
plasma and EM waves and magnetic pulsations. Cause and effect, particularly
the "triggering" mechanisms are difficult to identify because like many
cosmic plasma processes, the system is highly interactive.

Active perturbation experiments can break into the natural feed-
back loop and seperate cause and effect. We now suggest an experiment
in which a large amount of energy is injected into the 100 km-level
ionospheric region prior to the natural sub-storm onset, by means of
a powerful electron acceleration on SSP. Energetic electrons of 10-40
KeV energy may be the best way to accomplish this, and in fact nature
may use this method as the more energetic auroral electrons ionize the
E-region. This ionization provides a path for Hall and Pederson currents,
and releases the magneto-tail energy by discharging the cross-tail
current through the ionosphere. We envision an experiment carried by
SSP consisting of a large area current generator for::aed of sets of
parallel conducting surfaces arrayed perpendicular to the B-field, with
areas of 10 4 mf . Electron currents of 10 amperes at up to 40 KV are
driven from SSP orbit downward to create significant E-layer ionization
near the 100 != level. With this power density and current density (1 ma/
M 2 ) a bright visual aurora would be produced. Under proper magnetospheric
conditions a localized electrojet may be formed and a localized auroral
deposition event may occur. The role of particle ionization as a sub-
storm "trigger" could be tested and the energy release studied. The
field-aligned currents produced by such a device would be studied for
wave emission and beam-plasma effects, the production of vertical (or
field-aligned) potential differences, the upward acceleration of ions,
etc., in other words many of the detailed substorm , p rocesses. The
global and temporal coverage offered by the orbital SSP would permit
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the investigation of a wide range of magnetospheric and ionospheric con-
ditions over a wide latitude (and height) range as well.

Requirements for this experiment are as follows:

(1) An on-board voltage source of 400 KW peak power for pulse
durations of a few seconds with a 10% duty cycle.

(2) Acceleration or current-drive electrodes-deployed as 100 x
100 meter conducting sheets or screens. (Note: The form and deployment
of the large accelerating (or current drive) screens must be studied in
detail. A size such as 100 x 100 m illustrates the problemll

(3) Various local plasma diagnostics on the SSP. Energetic
particle detectors.

(4) Remote sensing equipment: optical imagers and photometers
on SSP, magnetometer and wave detectors on a subsatellite.

(5) Coordinated ground-based or aircraft observations under the
SSP orbit.

(6) High-latitude orbit- 56 0 would reach the auroral zone
frequently at given local time, if at =cast 6 months SSP duration were
available.

(7) Weight-difficult to estimate. In total, including diagnostics,
many tons.

(8) Stabilization - magnetic orientation for certain periods t 10.
(9) Data - T.V. bandwidth plus 200 KBS digital data. Imaging devices

are the pacers here. Onboard recording and/or TDRSS.
(10) Operations: This type of experiment with its well-defined

geometry is a good candidate for ground control.
(11) Maintenance - Checkout-in principle, quite simple. Requires

deploying large structures. The accelerator power drive is a major
component and would have to be returned to earth for overhaul.

2.1.3 Chemical Release Experiments for Studies of the Entry, Transport
and Acceleration of Magnetospheric Plasma. Plasma enters the magneto-
sphere from the solar wind and from the ionosphere. In the case of iono-
spheric plasma, the entry is probably controlled by magnetic field-
aligned pressure gradients and by the localized occurrence of field-
aligned electric fields. At the magnetopause turbulence, magnetic neutral
points and magnetic merging may all play important roles, although the
question of entry processes of solar wind plasma is still very much an
open one. Once inside the magnetosphere, plasma is transported and
accelerated by electric fields and by spatial and temporal variations
of magnetic fields.

Investigations of these plasma entry, transport and acceleration
phenomena have included the direct plasma and field measurements of pro-
grams such as ISEE (International Sun-Earth Explorer) and the measurement
of electric fields by tracking artificial ion clouds. A Space Science
Platform (SSP) in low-altitude earth orbit can contribute substantially
to studies of these phenomena by providing the capability to conduct long-
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term experiments involving the injection of plasma clouds and particle
beams into the magnetosphere and subsequent observations of the trans-
port and acceleration which they experience. For the sake of brevity,
attention is focused here on the class of experiments using gas releases.

4
Recent Results and Planned Missions. Since the late 1960's, gases

released in the earth's ionosphere and magnetosphere have been used as
tracers of the motions of ions and neutral gases. The released gases have
generally been alkali metals (Li, Ba, Sr, etc.) which have low ionization	 -
potentials and hence are easily ionized by sunlight. Subsequent to
their ionization the gases, which are released either isotropically
(thermite releases) or are projected along magnetic field lines (shaped-
charge releases), are governed in their motion by the electric and 	 4
magnetic fields they encounter. These ionized-gas clouds are made 	 ..
visible by resonant-fluorescent scattering of sunlight allowing their
subsequent motion to be tracked by optical means. Tracking therefore,
can provide measurements of the large-scale electric and magnetic feilds
that surround the earth. These measurements also determine the paths
of natural plasmas, which follow the same paths as the injected ions.

Experiments already conducted have provided measurements of the
time-development of large-scale ionospheric and magnetospheric electric
fields, have detected for the first time the existence of electric fields 	 -t
with components along magnetic field lines (parallel electric fields),
and have been used to map the configuration of magnetic field lines. The	 ••
approved spacecraft mission AMPTE (Active Magnetospheric Plasma Tracer
Explorer) will attempt to trace the entry of solar-wind plasma into and
through the magnetosphere by releasing lithium clouds in the distant
magnetosphere and solar wind and detecting the ions directly at various
locations within the magnetosphere. This experiment will have to be
repeated a number of times under different conditions of solar activity
and for various orientations of the interplanetary magnetic field.

A comprehensive series of magnetospheric chemical release experi-
ments is now under study in the Spacelab multi-user instrument program.
CRM's (Chemical Release Modules) are planned to be carried to low orbit
by the shuttle and boosted into various near and distant earth orbits by
the Solid Spinning Upper Stage (SSUS). Loaded with approximately 100
gas-release cannisters of various types, each CRM will have a lifetime
of a year or more during which releases can be commanded at desired
locations and times. Observations of the releases will be made from the
ground, from sounding rockets, from airplanes, or from Spacelab.

Space Science Platform. The Space Science Platform (SSP) would 	 -*
provide an ideal observing station for chemical release experiments. The
advantages provided by the SSP include the following: (1) optical observations
can be made from above the atmosphere, thereby avoiding the scattered lignt
which restricts ground observations to those times when the atmosphere is dark
and the gas cloud is sunlight; (2) large high-sensitivity optical imagers can be
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employed; (3) observations can be under the real-time control of
scientists who are either on board the platform or in specially-equipped
ground-based control centers; (4) continuous opportunities exist for the
conduct of gas-release experiments, allowing the quick-reaction study
of transient phenomena such as solar flares, coronal holes and magneto-
spheric substorms. Although items (1)-(3) above can be achieved to some
degree with Spacelab, the continuous and long-term opportunities provided
by an SSP for the conduct of such experiments is a key advantage, allowing
the investigation of these phenomena under various conditions within the
solar-terrestrial system.

Scientific Objectives of an Example Experiment. An example of a
chemical release experiment is the study of plasma transport and acceler-
ation in and above the aurora. The objectives of this experiment are to
investigate the auroral electron acceleration mechanism and its role in
populating the magnetosphere with ionospheric ions. Direct measurements
of electric fields and electron and positive-ion fluxes on auroral field
lines have been interpreted in terms of parallel electric fields at
altitudes of 100 to 800 km. Equipotential contours in a magnetic meridian
as sketched in Figure 2.1 are thought to exist above the aurora. However,
this picture is based on direct measurements by particle detectors and
electric-field probes aboard polar-orbiting satellites, which can only
provide one-dimensional scans through the region. This experiment would
probe the structure of these auroral electric fields in detail by
injecting tracer ions and tracking their motions.

Experiment Description. The experiment would utilize a CPM flying
at an altitude between 500 and a few thousand kilometers and leading the
SSP by several minutes. A trail of barium or other suitable gas would
be released by the CRM over a distance of a few hundred kilometers and
above an auroral arc. If a thermite release is used the orbital velocity
of the CRM will result in Be+ energies of approximately 40eV, and an
upward flow will result from the magnetic mirror force. Somewhat higher
upward velocities could be attained with a trail of shaped-charge releases.
In either case the ions would move upward and into the acceleration region.

Eastward and westward flow velocities V 	
E 2 BB
	 will be super-

B
imposed upon the field-aligned velocities in the regions north and south
of the aurora. These convective flows should decrease toward the center
of the acceleration region where the ions also encounter strong field-
aligned electric fields. Observations of the details of the Bat flows
using optical imagers mounted aboard the SSP will result in a map of the
true equipotential contours.

Due to time variations, local-time variations, and a great variety
of magnetospheric conditions which can exist, numerous experiments of
this type must be performed.
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Requirements on the SSP. Instruments needed on the SSP are
listed as follows:

(1) A Chemical Release Module of the type now under study in the
Spacelab Multiuser Instrument Program with SUSS propulsion unit, to be	 ..
launched from a shuttle.

(2) An imaging system similar to the Spacelab I Low-Light-Level	 j
TV with pointing system capable of 0.01 0 stability, scanning rates of 200/	 1
minute, and unobstructed viewing over 211 steradians (upward hemisphere).

(3) Orbit: Altitude above 250 km and magnetic latitudes above
650 (570 inclination orbit satisfactory, polar orbit preferred).

(4) Data: Real-time imagery data (4.2 MEz TV) needed in SSP or
on ground.

(5) Power: Same as Spacelab I LLLTV.
(6) Weight/Volume: Same as Spacelab I LLLTV.
(7) Operations: Real-time pointing of imager is required under

the control of on-board or ground-based scientist who has access to images
in real-time.

ELECTRIC	 MAGNETIC FIELD LINE
ECUIPOTENTIALS
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2.2	 New Passive Observations of the Natural Environment

2.2.1 Radiation Belt Dynamics. The lower fringes of the earth's
radiation belts have been the subject of intensive study since the
beginning of the space age. Indeed, the discovery of trapped energetic
radiation at low altitudes was the premier scientific achievement made
possible by satellite technology. Although a great deal of information
is available about radiation belt dynamics, the details of many of the
processes which couple the magnetosphere to the ionosphere and neutral
atmosphere, and which occur in the region between 100 and 1000 kilometers
are still not well understood. The capability of the space science plat-
form to carry into orbit large, power consuming experiments and operate
these for long periods of time opens new horizons in the study of
radiation belt dynamics and will make possible a better understanding
of the exchange of matter and energy between the magnetosphere, ionosphere
and atmosphere system. An observational program, incorporating new
types of passive observation that are well integrated with the program
of active experiments described elsewhere in this report, promises to
close many of the gaps in our understanding of radiation belt dynamics
as well as providing, for example, baseline information on the presInce
of minor species of ions in the radiation belts could be obtained with
very high sensitivity (not now available) against which the possible
polluting effects of massive use of ion propulsion transport or chemical
release can be assessed. ,

Typical experimental programs which would benefit from the inte-
grated (weight, power, duration) capabilities of the space science
platform are described below.

(1) The energetic proton population which the space science plat-
form will encounter while traversing the South Atlantic Anomoly represents
the most energetic (" 100 MeV) and long lived (- 10's of years) component
of the near earth radiation. High-accuracy, high time resolution measure-
ments of the distribution function of this population have never been
carried out because of limitations or experiment size. Such a study
may shed light on the upper limits of adiabatic motion in our magneto-
sphere as well as the perturbing effects of natural or man made (see
Section 2.1.1 on lasma wave injection) electromagnetic radiation. Present
theory, never experimentally verified, holds that energetic protons are
scattered by waves with ultra-low frequencies. Experimental verification
of this theory would close one of the remaining gaps in our understanding
of the origin and loss of proton radiation in the inner zone. Tests of
the theory of adiabatic motion on a time scale not accessible to
laboratory devices, may provide insight into fundamentals of charged
particle orbit theory as well as contributions to understanding trapped
particle behavior :n laboratory plasma devices.

(2) It is known that precipitation of energetic particles from
the radiation belts provides one of the sources of ionization of :he middle
and low latitude ionosphere. This precipitation is one of the signs
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oftrapped radiation belt particles. The level of this precipitation
varies in a complex manner in response to magnetic activity and is also
dependent on geographic longitude because of the offset of the earth's
magnetic field. Measurement of the magnetosphere-ionosphere-atmosphere
interactions at low and middle latitudes hale been difficult because of
the combination of weight, flight duration and size limitations of the
instruments that could be carried into orbit. The capabilities of the
SSP promise to overcome these limitations and ,Hake possible high
accuracy studies of magnetosphere-ionosphere-atmosphere interactions
at low and middle latitudes. Together with data from comprehensive
high altitude magnetospheric research programs such as OPEN, an
explanation of the cause and effect relationships between magnotospheric
disturbances and low latitude effects would then be within reach.

(3) The distribution of species in the trapped radiation has been
established in a very preliminary way using instrumentation severely
constrained by spacecraft facilities. We know, for example, that
significant fluxes of He's', Het and 0+ may be found in some regions
of the radiation belts. On the other hand, there is virtually no
information on the possible presence of minor species (or even infor-
mation on many of the major species) in many regions of the near earth
magnetosphere. It is known that the ionosphere supplies some fraction
of the magnetospheric particle population by acceleration of particles
out of the ion00%phere at high latitudes. One could thus infer that not
only ionospheric species but also meteoritic materials (Fe, me) might
well be ingested by the magnetosphere in this manner. Species -
specific studies of plasma transport, acceleration and loss processes
separating charge and mass are an extremely powerful tool in space
plasma physics. The capabilities of t:ie SS: will make possible such
studies, with immediate contributions to an improved understanding of
magnetospheric dynamics and magnetosphere-ionosphere coupling processes.
This measurement program carried out in coordination with the active
experiments described elsewhere in this report and carried out over a
spectrum of solar and magnetic (and meteoritic!) activity will provide
an accurate baseline of the minor constituent population in the
magnetosphere against which possible man-made perturbations can be judged.

Instrument Descriptions

Energetic Ion Detector. Measure ions (protons + iron) with
energies > 100 keV/nucleon using a detector system with a geometrical
factor of approximately 10-100 cm  sr. The instrument will be mounted
on a scan platform which will be controlled either automatically or in
closed loop mode following either the 2,.•gnetic field direction or
instantaneous count rate in the South Atlantic Anomoly region.

Precipitating Particle Detector.. This instrument will detect
electrons aid (light) ions with ener;'es lass than 200 koV using electro-
static aperture defining and aperturt. ,.weeping techniques. The instrument
will have a geometric factor of approximately 50 cat sr and will gather
data on a global scale, with particular emphasis on low and middle
latitudes.
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Minor_ Constituent Detector. This instrument detects ions in the
energy range at 10 keV to 100 keV, concentrating on ions heavier than
Helium and capable of detecting mercury ions. This instrument is intended
to make a comprehensive survey of the energetic ion population in the
lower magnetosphere against which the effects of ion propulsion systems
may be assessed.

Platform Requirements. Platform requirements are as given in
the Table below.

Table 2.2

Energetic	 Precipitating	 Minor
Particle	 Particle	 Constituents
Detector	 Detector	 Detector

Inclination 400
100-1000 km

3-axis earth
oriented accept-
able for SSP,
experiments to be
mounted on in-
dividual scan
platforms which
scan with respect
to local magnetic
field.

Require 1002
coverage in South
Atlantic and
conjugate
regions.

4kL

Replace/repair
entire
instrument

Inclination 600-900
100-1000 km

3-axis earth
oriented accept-
able for SSP,
experiments to be
mounted on indivi-
dual. platforms
which scan with
respect to local
magnetic field.

Require 100%
coverage each
orbit.

16kb

Replace/repair
entire
instrument

Clean

75 W

Checkout only

Checkout only

200 kg

1 year+ reflight

Inclination 900
100-1000 km

3-axis earth
oriented accept-
able for SSP,
experiments to be
mounted on
individual plat-
forms which scan
with respect to
local magnetic
field.	 I

Require 100%
coverage each
orbit.

16kb
	

0

Replace/repair
entire
instrument

C1 san

75W

Checkout only

Checkout only

200 kg

1 year+ reflight 1

Orbit

Stabilization

Da to

*Storage

eRate

Maintenance/Checkout

Environment

*Vibration

*Contamination	 -

Power	 100W

Operations	 I

f *Ground	 Checkout only

eShuttle Attacked 	 Checkout only

Weight	 100 kg

Duration of experiment] 1 year + reflight

102



I
I

2.2.2 Hot Plasma Entryi Acceleration and Transport Studies. Recently,
large fluxes of energetic (keV) H4 , 0+, and He+ ions of ionospheric
origin have been observed entering and trapped in the earth ' s magneto-
sphere. The large fluxes of H+ ions with keV energies entering the
magnetosphere from the ionosphere cannot generally be distinguished from
the H+ ions which enter the magnetosphere from the solar wind. Thus,
investigations of the transport and acceleration of the solar wind ions
which have entered the magnetosphere, and in some cases even solar wind
entry studies, must be pursued by measuring the minor ion species (He++ ,	 ^"
06+ , etc.) which are not common in the ionosphere. 	 M.

Existing spacecraft observations on hot plasma entry, acceleration
and transport processes are extremely limited. For example, solar wind
entry into the magnetosphere near the equatorial plane on the dayside is 	 ^y
being investigated with an ion mass spectrometer aboard the ISEE-1 space-
craft, in which the minor species of the solar wind are used to identify 	 ~^
unambiguously the origin of the plasma in the entry region as well as in 	 .
regions deeper within the magnetosphere. Although important new results
are being obtained, there are major limitations to the solar wind entry
and transport observations imposed by the ISEE spacecraft orbit. First,
it appears that the dayside equatorial region is not a major entry region
for the solar wind. Second, the infrequent sampling of a given region
(3-day orbit), the high radiation backgrounds within the magnetosphere,
and the small geometric factor of the instrument, severely limit the
investigation of the transport of solar wind ions within the magnetosphere.

Energetic (0.5 - 16 KeV) plasma composition measurements at low
altitudes have shown that the H + ions in the outer magnetosphere (L > 5)
were nearly always undergoing rapid pitch angle diffusion as evidenced
by isotropic pitch angle distributions of the downward-going ions.
Similarily, whenever Ee++ and 0+ ion fluxes were intense enough to be
observed, rapid pitch angle diffusion at high L-shells was also found.
Although the He++ observations were very infrequent due to the low
sens'_ivity and relatively low fluxes of He++ ions, the more frequently	 {

observed 0+ ions support the conclusion that rapid pitch angle diffusion
is a common characteristic for ions with masses from 1 to 16 AMU at L-
values greater than about 5.

These observations have important consequences for studies of the
entry, acceleration, and transport of the hot plasma ions, since rapid
pitch angle diffusion can provide at low altitudes a sample of the ion 	 ..
fluxes from the vast regions of the outer magnetosphere. The fluxes of
the minor ion species are not intense Enough to form a visible image of	 -•
the outer magnetosphere on the atmosphere analogous to that produced by
the auroral electrons. However, they can be directly measured on each
revolution (about 100 minutes) of low altitude spacecraft at high
latitudes. Such data on the temporal changes in the energy, L-shell,
and local time distributions of the minor ion species from the solar
wind could provide information on the entry, acceleration and transport
of the ions for various conditions of the magnetosphere and the
impinging solar wind. Similar information would also be obtained for
ions identified to be of ionospheric origin.
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A relatively large weight, power and volume instr=ent, which
could be accommodated by the Space Science Platform, would be required
to provide the necessary high sensitivity for the minor ion species
measurements.

Additional platform requirements are given below:

Table 2.3

Orbit: 70-90
0
 Inclination

> 600 km altitude

Stabilization: ±1°

Look Direction: 45 0 to zenith with ± 450 field of view
in one plane, and ± 10 0 in other plane.

Data: Storage; 30-90° latitude
Rate; 10 kbs

Maintenance/Checkout: Nominal

Environment: Vibration; not important on orbit
Contamination; ISEE-class control

Power: 100 watts

Weight: 100 kg

Size: 1 m x 1mx0.5m

Duration of Experiment: 1 year plus ref light

2.3	 A Coordinated Approach to Investigations of the Solar Terrestrial
System

The study and understanding of the solar-terrestrial environment
is becoming a major focal point of space research. This interest has
been spawt ►ed by man's need to understand the processes which dominate
the physical surroundings in which he lives with particular attention
given to global environmental protection and to weather and climate
prediction. Recent studies which show tae close correlation of changes
in the Sun's output with variations in the Earth's climate have added
particular impetus to this area of research. These correlations have
been found to exist both for the short term, more subtle solar magnetic
cycles and for the longer term, hundred-year periods of significant
solar activity change. It is clear that the successful study of this
broad region of space will require the unified and coordinated effort
of scientists throughout the solar, magnetospheric and rtmospheric
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disciplines. The move toward such a unification has already begun and
could be enhanced through the coordinated use of the space science plat-
form. The platform's substantial capabilities for the support and 	 t
stabilization of comprehensive clusters of solar- terrestrial instruments
will permit simultaneous, event-oriented observation within the sun-earth
system to be accomplished.

Within the coupled sun-solar wind-magnetosphere-atmosphere chain,
magnetosphere/atmosphere cou pling is a fundamental link. The other links
in this coupling sequence are addressed in the solar and atmospheric
sections of this report. Studies of this magnetosphere/atmosphere
link involve the measurement of energy transfer from the magnetosphere
to the atmosphere and its subsequent effects on atmospheric composition
and dynamics. This energy transfer can take place through direct energetic
particle precipitation from magnetosphere to atmosphere and through Joule
heating processes involving the interaction of the ions and neutral gases
in the upper atmosphere. In both instances, the requisite observations
involve the simultaneous measurement of the energy input processes such
as PCA events, auroral processes, or ion drifts and the resulting dynamic
and chemical atmospheric response down through the different layers of
the atmosphere-thermosphere, mesosphere, stratosphere and even tropo-
sphere where our weather systems are formed. These observations are
comprehensive in nature and require independently-pointed clusters of
magnetospheric and atmospheric instruments of both the direct measurement
and remote sensing variety.

It is not appropriate in this document to delineate the long list
of specific experiments that are envisioned in the magnetosphere-iono-
sphere-atmosphere area. However, it is instructive to describe a couple
of example investigations which illustrate the coordinated use of a
comprehensive grouping of magnetospheric and atmospheric instruments.

2.3.1 A.I.M. Coupling Through Ion-Neutral Interactions. One such
investigation is in the area of energy transfer from the magnetosphere to
the ionosphere through Joule heating effects caused by the interaction of
ions and neutrals in the upper atmosphere. The objective of the investi-
gation would be to measure both the ion drift that is produced by magneto-
spheric electric fields and the resulting neutral gas drifts or winds
caused by the interaction between the ions and neutrals. This interaction
is quite significant in the auroral region. A typical experiment might
involve the use of a series of barium releases from a free-flying chemical
release module that is above and ahead of the space science platform.
These releases would be spread along the CRM orbit across the auroral
oval. Their drift following release would be a visual indicator of the
convection electric field pattern.

The drifts of the ion clouds would be observed using an imaging
system on the Space Science Platform (SSP). At the same time, atmospheric
instruments would image the auroral patterns and through interferometric
techniques would measure doppler shifted emissions from the atmosphere
below the releases. The doppler information would then be used to derive
the wind fields which give the dynamic response of the atmosphere to the
magnetospheric-induced changes. In addition to the winds themselves,
the comprehensive cluster cf atmospheric instruments would record any

uced changes in temperature and composition that propagate down
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through the atmosphere. Although it is possible to perform such a limited
version of this experiment on a shuttle sortie mode flight, the key to its
success will lie in its repetition during a variety of magnstospheric
conditions that have been controlled by solar changes. Such changes can
be expected to occur over many different periods of time including sub-
storms (hours), magnetic storms (days) and Solar rotation (months). Obser-
vations spread over these longer periods are desirable to ensure the under-
standing of flare-induced and perhaps every solar cycle effects. In this
example, the space science platform is essential for both the long duration
operation and the contamination free operation of independently gimballed
clusters of instrumentation.

2.3.2 An Approach to Solar Influences on Weather and Climate. A second
and more exploratory example investigation would be the search for possible

r	 Vtysical mechanisms which link changes in the magnetic sector structure
of the solar wind to changes in the dynamics of the lower atmosphere;
in particular, to the vorticity area index of circulation patterns in
the troposphere. Such correlations have been carefully demonstrated
satistically but the physics of why the connection exists is still
unclear. In this exploratory series of experiments the solar, magneto-
spheric and atmospheric instrumentation on the platform would be employed.
Using soft X-ray or EUV imaging techniques, the solar disk would be
monitored for the presence of coronal holes which are known to be
associated with the solar wind magnetic sector structure. Following
the appearance of a coronal hole and its rotation across the solar disk,
a satellite such as ISEE-C would measure the sector boundary change

i	 sweeping across the magnetosphere. Instruments on the Space'Science
Platform would then measure the response of the magnetosphere, ionosphere
and atmosphere. Imaging systems would record changes in the auroral oval
dynamics. Barium releases or perhaps even platform-borne incoherent
scatter radar facilities could be used to measure the convection-induced
velocity field changes in the '-onosphere. At the same time, atmospheric
remote sensing instruments would observe a continuing variety of atmo-
spheric dynamic parameters from thermospheric winds to tropospheric
circulation patterns with the objective of uncovering the essential
physical links. Such an investigation would continue over many days
since the lower atmospheric response is known to take place slowly
compared to the magnetospheric convective changes. Since this investi-
gation is exploratory, it is somewhat speculative in nature and the
detailed steps of its implementation cannot be fully specified. It is,
however, the comprehensive nature of the instrumentation that can be
carried on the Space Science Platform which allows the necessary oper-
ational flexibility to conduct such exploratory and fundamentally

(	 important studies. As Li the previous example, long duration, global
coverage and large independently gimballed instrument cluster operations
are essential serivices provided by the Space Science Platform.

t

These two examples are not unique. With the Space Science Plat-
form, scientists can work toward the establishment of a complete Solar
Terrestrial Observatory platform which keys its operation to events which
are initiated by solar changes and whose effects are then spread through-
out the magnetosphere, ionosphere and atmosphere. The ability to respond

-	 to these events through the coordinated observation of all of these regions
is an essential service which will result from the Space Science Platform
implementation.
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Requirements concerning this phase of the Space Science Platform
are as follows.	 ,

(1) Orbit: Maximum latitude coverage (prefer Polar) together with 	 S
optimal solar viewing.

(2) Orientation: Simultaneous viewing of the Sun, Earth (Nadir and
Limb) and magnetic field line scanning by a number of different instruments
without shadowing or plasma wake interference.

(3) Data: 100's of megabits to accommodate imaging systems. 	 .r
(4) Environment: Low particle and EMI contamination.
(5) Power: 10's of kilowatts.
(6) Opera • ions: Ground-based and/or manned activation of alert

modes for certain conditions.
(7) Spatial extent: Sufficient separation of experiments to pre-

clude mutal contamination or restricted viewing.

3. THE EXTENSION OF SPACE PLATFORM EXPERIMENTS
TO GEOSYNCHRONOUS ORBIT

In the space plasma physics discipline, almost all of the experi-
ments that are envisioned for low earth orbit find new and in many cases
enhanced significance at geosynchronous orbit. This stems from the basic
fact that geosynchronous orbit is in the "heart" of the magnetosphere and
intersects a variety of different plasma conditions that are not accessible
at low altitudes, for example, the geosynchronous plasma environment can at
times be dominated by the hot, kilo-electron volt plasma of the ring
current and plasma sheet and at times can be influenced most strongly
by the cold, electron volt plasmaspheric plasma. These variable plasma
conditions allow new classes of wave/plasma, beam/plasma and plasma
injection studies to be carried out.

In the beam plasma category, electron and ion beams can be injected
from geosynchronous orbit to trace out magnetic field lines during different
levels of magnetospheric disturbance. These experiments will give funda-
mentally new information on the coupling of processes between the ionosphere
and the magnetosphere.

For the wave injection experiments, enhanced coupling between waves	 ?
and particles can be expected for many resonance interactions when the
injection takes place at the equator near geosynchronous orbit. Direct
injection into the outer portions of the radiation belts can probe pitch	 I
angle diffusion processes thought to be occurring naturally in the magneto-
sphere as mentioned above. The bistatic radar investigations for
determining electron densities are made possible through the availability	

s

of a geosynchronous platform.

In the gas release category, ambient plasma conditons can be
significantly perturbed through geosynchronous injections. For example,	

o
processes controlling the interaction between the ring current and the
plasmasphere can be studied directly through the injection of a cold
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plasma and the observation of its influence on the hot ring current
particles.

i

Magnetosphere/atmosphere studies will be enhanced by the new
perspective of geosynchronous orbit. The energetic plasma of the magneto-
sphere can be measured directly while its effects in the high latitude
atmosphere can be imaged on a hemispheric scale. It is apparent therefore
that both active injection and coordinated passive observations will be
well suited for future geosynchronous editions of the Space Science Plat-
form.

4. GENERAL REQUIREMENTS FOR THE SSP FOR EFFECTIVE
PLASMA RESEARCH

The Space Science Platform has been presented to the working group
at an early stage of its conceptual development, and thus there is a very
good opportunity for the science requirements to influence its design.
Although the requirements for each of our typical experiments have been
detailed in the appropriate sections above, it seems useful to summarize
the general characteristics which we think this system should have to
maximize its usefulness. The characteristics are:

(1) Minimum flight duration of one year to ensure the proper
coverage of solar conditions, magnetospheric configuration, etc.

(2) Orbital coverage including significant portion of the
auroral zone. A 560 orbit is acceptable for many studies. A polar
orbit is very desirable.

(3) Nominal Shuttle altitude ranges are assumed (up to 500 km).
The future transition to synchronous orbit is an exciting and important

1 possibility.
(4) The SSP must avoid extensive nonconducting exterior surfaces.
(5) The power system should be capable of high peak power on a

low duty cycle. For example, the 25 KW average mentioned for the power
module should be capable of 400 KW peaks.

(6) Power beams and solar arrays should be designed to minimize
^-	 the SSP magnetic dipole moment.

(7) It is important to insure that the SSP is free of significant
sources of electromagnetic interference. Precautions such as the use of a
single-point ground and the operation of all voltage-converter oscillators
at a single frequency (e.g., 25 kHz) will be necessary to achieve accept-
able EMI levels. The document entitled "WS Subsatellite Facility Plan,"
which is available through the Shuttle Spacelab Payloads Project Office
at !NASA/GSFC, presents details of electromagnetic compatibility require-
ments similar to those needed for the SSP.

(8) Gyro control of aspect should be used rather than gas Jets.
Every precaution should be used to preserve a clean molecular environ-
ment, avoid outgassing, etc.

(9) Data processing, storage and transmission should be such
as to provide global coverage (e.g., > 90%), using for example TDRSS
or sufficient data storage on board.
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(10) A number of the space plasma physics investigations proposed
for the Space Science Platform will require subsatellites. Some of the
experiments require remote measurements of the effects of source systems
such as wave injectors and particle accelerators on the ambient plasma
medium. Still others require passive observations at locations well
removed from the nominal trajectory of the SSP.

Two general types of subsatellites will be required: (1) a tethered
subsatellite which can be deployed to altitudes between 100 and 150 km
where the coupling between plasma phenomena and the neutral atmosphere is
strongest; and (2) a maneuverable subsatellite which can be rogitioned
at specified locations up to altitudes of a few thousand kilometers. Roth
of these two types of subsatellites would be docked at the SSP when not
in use. When in use they would be tracked by, and would transmit data
back to the Space Science Platform. Descriptions of the tethered sub-
satellite deployment system are given in the document,"Proceedings of
the Workshop on Uses of a Tethered Subsatellite System." Maneuverable
subsatellites of the type required for the SSP are described in the
document entitled "AMPS Subsatellite Facility Plan," which is available
through the Shuttle Spacelab Payloads Project Office at NASA/GSFC•

5. A BIBLIOGRAPHY OF SPACE PLASMA PHYSICS SOURCES

The ideas developed in the Space Plasma Physics Panel report have
their roots in a series of working group, workshop, facility definition
team and National Academy of Sciences committee reports. This section
is meant to highlight the work of our predecessors and to indicate how
this has influenced the thoughts that we have presented herein.

The basic goals of research in Space Plasma Physics can be found
in several reports. Of specific interest have been the following:

(1) Space Plasma Physics - The study of Solar-System Plasma,
Volume 1, Reports of the Study Committee and Advocacy Panels, Space
Science Board, National Academy of Sciences, Washington, D. C., 1978.

(2) Global Problems in Magnetospheric Plasma Physics and Prospects
for their Solution - Juan G. Roederer, Space Science Reviews, 21, 23-70,
1977.

(3) On the significance of Magnetospheric Research for Progress
in astrophysics, C. G. Falthammer, S. I. Akasofu, H. Alfven , H. Alfven,
Royal Institute of Technology Report, April 1978.

The implementation of these goals and their integration into the
broader goals of studies of the solar-terrestrial system are discussed
in the following reports:

(1) Scientific Objectives of the Atmospheres, Magnetospheres and
Plasmas in Space Project, Marshall Space Flight Center Report, July 1975.

(la) The Solar Terrestrial Observation as a Major :Module of a Space
Station - An Advocacy Document, NASA/Marsha ll Space Flight Center Report,
September 1976.
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(2) NASA Workshop on Solar-Terrestrial Studies from a Manned
Space Station, February 1977, NASA Conference Paper CP-2074.

(3) NASA Guntersville Workshop on Solar-Terrestrial Studies,
NASA Workshop conducted at the Guntersville State Park, Guntersville,
Alabama, October 1977.

(4) Report of the Wave Injection Facility Definition Team, TRW
Contract Report, May 1978.

(5) AMPS Subsatellite Facility Plan, Goddard Space Flight Center
Report, March 1978.

(6) Chemical Release Module, Goddard Space Flight Center Report,
March 1978.

(7) The Solar Terrestrial Observatory as a Major Module of a
Space Station, C. R. Chappell, Advances in the Astronautical Sciences,
Vol. 35, 1977.

(8) The Solar Terrestrial Observatory, C. R. Chappell, AIAA
16th Aerospace Sciences Meeting, Huntsville, Alabama, January 1978.

(9) Origin of Plasmas in the Earth's Neighborhood, Goddard Space
Flight Center Report, May 1978.

(10) Upper Atmosphere Research Satellites - GSFC Report, 1978.
(4) NASA Workshop on the Uses of a Tethered Satellite System,

Marshall Space Flight Center Report, May 1978.

In tht area of information on the space systems necessary to
accomplish thes.^ solar-terrestrial objectives, the reader is directed
toward the follow!ng reports:

i,	 (1) Statem, nt of Mr. William G. Huber, Manager of the Power Module
Task Team, for the Subcommittee on Space Science and Applications of the
Committee on Science and Technology, U. S. House of Representatives,
February 1978.

( 2) Space Science Platform - Concepts and Approaches, Material
presented at the Space Science Platform Workshop, Joe Wheeler State Park,
Alabama, August 1978.

In this bibliography therefore can be found the desires, the
capabilities and hopefully the realities of future solar terrestrial
research.
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CHAPTER VII

ATMOSPHERIC SCIENCES- PANEL

Panel Chairman: Rex McGill, Utah State University

Panel Members: Bob Hudson, GSFC
Bill Mankin, NCAR
George Newton, NASA Headq-.arters
Doug Torr, University of Michigan

Panel Liasion (MSFC): Gary Swenson
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1. SUMMARY

The atmospheric sciences panel feels that the future need for a
vehicle like the Space Science Platform in the late 1980's is well estab-
lished. The atmospheric sciences, after the results of currently planned
free flyers and shuttle missions, will require a great deal of further
research. The plans for a series of Upper Atmosphere Research Satellites
is a natural follow-on from these programs. It is expected that by the
time the LIARS missions are completed, the principle thrust of atmospheric
sciences will be Solar Terrestial effects. These will require large,
probably dedicated observational programs.

The SSP is viewed as a viable candidate for an appropriate observa-
tory which would encompass portions of programs from atmospheric sciences,
space plasma physics and solar physics.

The observatory will require large amounts of power, reasonable
stabilization and probably a set of "daughter" free satellites and "puppy
dog" tethered systems. The atmospheric science panel encourages NASA to
further explore the possibilities inherent in this vehicle.

2. SCIENTIFIC NEEDS

The composition and dynamical behavior of the earth's atmosphere
is the-result of a continual interplay between solar radiation, atmos-
pheric photochemistry, thermal radiative emission, turbulent diffusion
and motions. The balance between these processes leads to the distinctive
characteristics identifying the troposphere, stratosphere, thermosphere,
etc. The need to understand these complex interactions arises from three
sourc;s: firstly, the ability of man to inadvertently modify his own
environment; secondly, the possible role of the upper atmosphere in wea-
ther and climate; thirdly, the application of the resulting information to
the study of the other solar planets.

The thermosphere and troposphere are, at present, the best studied
regions of the atmosphere, having been explored with both satellite and
ground based platforms. In the thermosphere the recent emphasis has been
on studies of processes, e.g., the A.E. and D.E. satellite series are being
specifically flown to study thermospheric photochemistry and dynamics,
respectively. The stratosphere and mesosphere have received less attention,
although the NDMUS G, and SME payloads, and instruments such as ATMOS and
CLIR on AMPS, will provide some critical data. Recognizing the critical
need for further research, OSS has proposed the UARS program of satellite
measurements and theoretical analyses to study the interaction between
chemistry, radiation, and dynamics in the stratosphere and mesosphere. The
first mission is planned for the early 2980's, with a follow-on mission 12
months later.

a
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Studies of the basic processes within atmospheric regions does
not necessarily enable one to follow complex solar-terrestrial rela-
tionships, as these involve understanding the complete path of which
solar energy is transported and modified. The transfer of this energy
does not occur by electromagnetic radiation alone, but also by means
of charged particles, electric fields and currents, and neutral winds.
Some of the local coupling in the thermosphere between the neutral and
charged constituents of the atmosphere will be investigated on the D.
E. spacecraft, but a full investigation of the complete solar ter-
restrial coupling will require a much larger complement of instruments
making both in-situ and remote measurements of all the atmospheric
regions simultaneously.

Space Shuttle, in its Spacelab mode, could only carry partial
complement of instruments, because of power limitations. In addition,
the duration of its flights limits the extent of the studies. The
Space Science Platform opens up a new capability to perform long
duration missions with the large instrument complements required. The
response of the atmosphere to periodic and sporadic events (e.g., solar
flares, PCA events, volcanic eruptions) requires continuous monitoring
and thus leads naturally to an observatory concept for the overall
payload. The ability of the Space Science Platform to serve as a base
for this observatory payload and to provide the necessary flexibility
for future development, makes the platform a valuable tool in the study
of atmospheric physics from space.

3. ATMOSPHERIC SCIENCE INVESTIGATIONS
WITHOUT SPACE SCIENCE PLATFORM

A thorough understanding of the normal condition of the atmos-
phere and its response to solar •variation and other external pertur-
bations will not spring from any particular set of observations. It
must be developed gradually as individual and coordinated observations
fill in the details of the large picture and new questions are posed.
At some stage the comprehensive measurement capability of large, long
duration observing systems such as the space platform becomes neces-
sary. In the process of reaching that point, many instruments will be
developed, many observations made, and many questions answered. It is
important that these earlier steps be exploited fully so that progress
may be made most rapidly and economically.

For many investigations in atmospheric science, the use of space-
craft is not desired. The ability of satellites to obtain global data
coverage is unique, but earth based measurements and rockets, balloons,
and aircraft will continue to be vie£ul expecially exploratory measure-
ments and, for these questions which require very detailed measurements
at one location. An example of such a study is the determination of the
photochemical balance between the many stable species and radicals
existing at one point in the stratosphere in order to check the parameters
included in chemical models.
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A , large body of meteorological data as well as significant data 	 ^!
base of stratospheric temperature • and ozoal distributions has been	 •i
obtained through meteorological satellites, particularly the Nimbus
series, including Nimbus G to be launched in September 1978. The indivi-
dual instruments on Nimbus G are limited, in particular the infrared
radiometers have a moderately short operational lifetime as they require
cryogenic cooling of detectors. The Stratosphere-Masosphere Explorer
will be a satellite dedicated to the study of the middle atmosphere.
Using infrared and ultraviolet techniques it will study ozone and its
response to solar UV variability.

The Space Shuttle will provide a large increase in the capability
for space observations. In the sortie mode, large single instruments or
clusters of smaller instruments may be carried. The principal limita-
tions are the fairly short duration of the missions, the limited power
available, and the contaminated environment. Numerous new instruments and
techniques will be developed fc: ° operation in this mode as described in
AMPS studies. Investigations .elude observation of the atmosphere,
chemical releases, or plasma modifications. Cryogenic instruments will
alllow high sensitivity measurements of atmospheric consituents. The
short flight duration will preclude measurements of dynamical effects
with some time scales and will make the probability of observing the
atmospheric response to a major solar event small.

The Upper Atmospheric Research Satellite is planned to study the
atmosphere in the 10-120 km range. It is designed to study interaction
between the chemical, dynamical, and energetic processes. It will carry
a complement of remote sensing instruments, including radiometers and
spectromenters for analyzing the chemical and physical state of the
atmosphere. It will include solar UV irradiance monitors as well as the
atmospheric instruments. It will be an evolutionary program, with dif-
ferent instruments flown on subsequent missions. LIARS will be a moderate
sized satellite and will be used for larger term but less intensive (i.e.,
more specialized instruments with lower data rates) investigations than
the shuttle sortie missions.

These investigations will provide information for understanding
the chemistry of the middle atmosphere and its interaction with dynamics
and variability in the solar radiative input. Thorough studies of the
response of the atmosphere to solar transient events will require
coordinated studies of the plasma environment, as well as the solar
inputs and its interaction with the upper atmosphere. Su , h studies require
larger complements of instruments and coordinated measurements than a
free flyer such as UARS can provide.

The availability of a space science platform will not eliminate
the need for conventional satellites or shuttle sortie missions. The
sortie mission still has an important role for the development of new
instruments or measurement concepts before deployment on the SSP or other
platforms, for measurements of limited duration, or for which manned 	 '•
intervention is desirable. Small free-flying satellites willbe used
where orbits are required which are not available for the SSP and when	 -^
a daughter satellite remote from the SSP is needed. They are also useful
for carrying instruments which are extremely sensitive to contamination

f	 ^
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or interference by other instruments or components on the platform.

4. TYPICAL PAYLOADS FOR PLATFORMS

4.1 Scientific Rationale

As discussed in the preceding sections it is believed that by the
mid 1980's our knowledge of the atmosphere will have reached a stage
at which further significant progress will require studies of the earth-
sun system as a whole. The emphasis will be on simultaneous measurements
of parameters which will allow the flow of energy to be traced from the
sun through the interplanetary medium and magnetosphere into the atmos-
phero. Instruments will be required which can measure effects of this
energy over an altitude range extending from the troposphere to the
thermosphere. Such'a requirement demands a large cluster of instruments
to achieve an understanding of the atmosphere on a global scale. MeaAurs-
ments will be made over temporal scales which allow adequate coverage to
define the spatial, diurnal, seasonal and solar cyclic variations
involved.

To achieve these objectives measurements will be required of the
energy influx to the atmosphere as well as the response of the atmosphere
to this influx over a large range in altitude; i.e., measurements of
atmospheric composition, temperature, motion and radiation field. Instru-
mentation capable of making such measurements largely exists or will
exist in the near future as a result of programs such as LIARS. Shuttle/SL
and AMPS.

Future requirements, therefore, point to a cluster of large
facility-type instrummnts with consequential requirements for power,
space and maneuverability. Such a facility might truly be regarded as
an Atmospheric Science Observatory. The concept of an evolving Space
Science Platform provides a rational and satisfactory answer to these
requirements.

Over the past decade numerous studies have been carried out to
determine the optimum combination of atmospheric instrumentation for
flight on the Space Shuttle svetem, and for the Upper Atmosphere Rnsearch
Satellite Program. The Spac;: °atform will allow us to combine these
into a more elaborate payloaa lacorporating large telescopes, an exten-
sive complement of pointing controls, large and more directional radio
antennas, better cryogenic systems and high power lidar transmitters,
with the possibility of ultimately adding some form of incoherent-scat-
ter radar to the observatory. It is also expected that several of the
instruments designed primarily for magnstospheric studies will play an
important role in resolving several of the problem oriented objectives
of the Atmospheric Sciences.

4.2 Observatory Description

The proposed observatory would be capable of making measurements
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of the parameters listed below, which ideally would be integrated with
relevant data taken by other ground-based or spaeeborne instruments
operational at that time. The multi-parameter data base (See Table 1
for details) would include measurements of: the solar EUV and W flux,
radiometers and interferometers from which densities, temperatures and
winds may be deduced. These measurements will be supplemented by micro-
wave lilab soundings. It is likely that a Fabry Perot interferomenter
will also be available in the visible range to provide data primarily on
thermospherie and stratospheric winds. The lidar promises to be a
valuable tool for exploring both the stratosphere and thermosphere. The
performance levels will depend on the power output that can be achieved
and the altitude of the orbit.

Several magnetosphsrie instruments that will also play an impor-
tant correlative role in the Atmospheric Sciences Program include, for
example, the electron gun which would be used to excite several atomic
and molecular processes relevant to atmospheric chemistry. The chemical
release-module would provide valuable information on motions of ions and
neutral constituents in the thermosphers, allowing the component of
electric field perpendicular to the magnetic field to be determined.

Tethered satellites and subsatellita clusters could significantly
contribute to studies of solar terrestrial relations. Tethered satel-
lites could be used to obtain in-situ atmospheric measurements at altitudes
near the turbopause while simultaneous, complimentary and coordinated
measurements are being made from the SSP. In this way global vertical
variations in atmospheric phenomena could be observed, such as gravit;
wave characteristics, and turbopause altitude variations. Reflecting
elements and optical instruments could be placed on maneuverable sub-
satellites and tethered satellites for u , _: with the lidar and other radi-
ation sources in the SSP to make possible long path length measurements
through the atmosphere. By controlling the subsatellite orbit and the
separation from the SSP, the atmosphere may be studies in different
altitude regions including the stratosphere. A mass spectrometer could
be placed in the SSP and the scbaatellite for study of the horizontal
propagation characteristics of gravity waves. Instruments which monitor
the morphology and dynamics of the aurora, such as the low light level
photometric imaging experiment being developed for Spacelabl, would
provide valuable information on the high latitude global energy input
and dynamics of energetic particle precipitation. With such a comple-
ment of instruments it is expected that it will be possible to make in-
depth studies of the solar terrestrial coupled systems, and quantita-
tively assess the significance of man-made effects on the environment
as well as possible sun weather relationships.

An example of a type of study which can be uniquely done by a
large collection of observing instruments such as would be available
in the observatory mode of the SSP is an attempt to trace the effects of
large perturbations due to solar proton events. In these events incoming	 r
particles produce off nitrogen and odd hydrogen which results in the
production of radicals such as OR and NO. The high altitude ozone has
been observed to decrease in one such event. An opportunity to follow
most of the relevant processes during and after such an event would be
most useful in interpre-,ing the mechanisms by which weather may be af-
fected by solar activity. Measurements of interest include: particle
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fluxes and their ionization profiles from appropriate emissions, e.g.,
3914 A; NO from emissions at 5.2 m; OR densities by LIDAR or resonance
fluorescence; 0/N2 ratio above the region to enable inference of low

altitude heat inputs; thermospheric winds by in-situ measurements of
neutrals and ions; mesospheric winds by doppler shift measurements;
temperature by rotational temperature measurements of 02 ('0), 02(1)

and OH; 0, 03 by measurements of OR, 0 2 ('0), 0('D) and a variety of

other emissions where possible. These measurements, coupled with long
term, intensive monitoring of 0 3 density profiles and radiative tempera-

ture measurements of H 2O, 03 and CO2 would enable one to make the

checks on solar weather interactions which cannot be equaled by any
other proposed platform or set of platforms. Such measurements should
logically be coupled with measurements of electric fields, magnetic fields,
particle spectra, ionization densities and neutral winds as a function of
altitude. These, coupled with solar observations and magnetosphere
information from other spacecraft should yield an unparalleled oppor-
tunity for the study of sun-earth relationships.

One important coupling of the solar variability with the terres-
trial atmosphere is the effect of changes in the solar irradiance in the
middle UV on the chemisLry and dynamics of the middle atmosphere.
Radiation at these wavelengths (1500-3000 A) is primarily responsible
for both production and destruction of ozone and for the energy which
drives the stratospheric circulation. It has long been known that the
ozone quantity is anti-correlated with the solar cycle and there are
indications that the solar middle ultraviolet is positively correlated
with activity. However, the details of the mechanisms and all of the
ramifications of these mechanisms, including feedbacks, have not been
established.

Studies of this problem will require very accurate measurements
of solar spectral irradiance, global quantities of ozone and associated
chemical species, and atmospheric temperatures and motion ;geostrophic
winds). The two important time scales are the 28-day period of solar
rotation and the 11-year solar cycle. Much of the effort of SHE and UARS
will be directed toward this problem, but the SSP atmospheric obser-
vatory, with its larger complement of instruments and long duration, plus
the possibility of periodic recalibration, can contribute importantly,
expecially to the understanding of the solar cycle variation.
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TABLE 4.1

SPECTROSCOPIC INSTRUMENT COMPLEMENT

Far I.R. Spectrometer

Measurement

Solar Flux

NO, 029 N29 0, A29 0+

Spatial Distributions

Winds, Temp

03 , T, NO2 , HNO3$ CH4 , N20

H2O, NO, T, Winds, CO, CH4 , N20

HO, HF, CF2C12

CO, HNO3 , NO, NO29 CF 2 , 021 CFC13

C10, CH 42 N2
0, 03

OH, CH3C1, HF, C10NO 2 , H2O2,

N203 , 0

Winds, 03 , C10, OH

H2O, 0 3 , NO, Na, Winds, CO21 OR

02 ' , OH, CO29 NO, CO, N0+

Instrument

EUV/UV Solar Spectrometer

UV/VIS Airglow Spectrometer

UV/VIS Imaging Photometer

Doppler Interferometer

I.R. Filter Radiometer

Modulated Gas Cell Radiometer

I.R. Occultation Radiometer

Cryogenic Limb Interferometer

Microwave Limb Scanner

Lidar

I.R. Airglow Spectrometer

TABLE 4.2

CORRELATIVE MEASUREMENTS

Measurement
	

Remarks

Electric Fields
	

Several Techniques	
i

Particle Flux	 Several Techniques

Magnetic Field
	

Several Techniques

Local Composition	 Subsatellite

Local Temperature
	

Subsatellite

Local Winds	 Subsatellite

Local Ion Drifts
	

Subsatellite

Ionized Component
	

Incoherent Scatter
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5. SP9CE PLATFORM REQUIREM MS FOR ATMOSPHERIC SCIENCE

Orbit: It would be desirable to have. at least two orbiting
vehicles. One orbiter at 28 (or lower) inclination would concentrate
on diurnal fluctuations in the atmosphere. A second orbiter at 70
inclination would concentrate on sensing of meridional effects, and
particularly particle influences on the polar cusps and auroral regions.
If only one is flown, the 70 inclination should be emphasized since
this inclination optimises the latitude coverage.

The orbital altitude should be in the range from 300 to 300 km.
The lower altitudes could introduce problems of contamination from the
station-keeping boosters, but would aid the signal to noise of some of
the instruments. Circular orbits are satisfactor; for most of the
experimental objectives.

Stabilization: The instruments located on a common platform
should be oriented in a mode in which the platform normal is oriented
towards nadir and is held at this attitude to within a few degrees. It
is required that the instruments have knowledge of their aspect in
inertial space to various degrees. The table below summarizes the
requirements for aspect knowledge as a function of sensing type. It
is understood that some instruments such as the occultation measure-
ments require steering or tracking to Nigher degrees of accuracy but
that these requirements would be met by the instrument itself (or
cluster where commality exists).

Observation

Nadir Emissions

Limb Emissions

Limb "'Minds"

Occultation

Insitu

Altitude Rnowled&e

30

.030 (1 IOri)

.0080 (lm/sec)

.020

.30

Platform Rate Stability

.10/sec

.0030/sec

.0080/sec

.0020/sec

N/A

NOTE: Platform accelerations should be 	 .10/sect; when this level
is exceeded by the platform, knowledge must be made available
to investigators to validate data.

Orientation: Remote sensing experiments for atmospheric information
require primarily limb viewing, spacecraft-radar viewing, and also off
nadir sensing, e.g., viewing natural and artificial aurora (along B).
Generally, the hemisphere centered about nadir should be available for
various remote sensing instruments and the platform to which these
instruments are fixed should be so oriented.

It would be advantageous to be altitude stabilized about the local
vertical so that occultation instruments and limb instruments could be
placed for optimum viewing so as not to interfere with nadir pointing
instruments.
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Data Handling: All data telemented (no film or recovery data).
• On-board storage for TDRSS non-coverage periods only.
• Data all digital

4 channels 15 MHz
15 channels 1 MHz
15 cia-nels 1 KHz

Maintenance/Checkout:
• Service/recalibrate/replace on a periodic basis
• Done in a pallet/module level

Environment:
• Particulate and gas environment most constraining to cryogenic infrared
instruments - critical to the point of abandoning those instruments in the
complement
• Insitu measurements probably would best be done on a free flyer

Power:
• Passive instrumentation, typical 150 watts/ instrument at 15 instruments
per pallet, 2 pallets, 4-5 Kw total average
• Active instrumentation - Lidar 3-6 Kw
Acceleration instrumentation (3 Kw peak at 10% time)
Cryogenic module requires power to regenerate cryogenic - 1 Kw

Operations:
• POCC type operation, would bt en-ineer manned at non-shuttle attendedUp

periods and investigator manned during shuttle tending

120

i

f

Rik-



CHAPTER VIII

LIFE SCIENCES PANEL

Panel Chairman: Calvin Ward, Rice University

Panel Members: Louis Avioli, Jewish Hospital of St. Louis
Joseph Brady, John Hopkins University
Corale Brierley, New Mexico Institute of Mining and

Technology
Allan Brown, University of Pennsylvania
Peter Chevalier, Mavo Clinic
Thomas Coleman, University of Mississippi
Rufus Hessberg, NASA Headquarters
Richard Johnson, ARC
Xavier Musacchia, University of Louisville
Stuart Nachtwey, JSC
A. H. Smith, University of California at Davis
Jack Spurlock, Georgia Tech. University

Panel Liasion (MSFC): John Hilchey
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1. BROAD SCIENTIFIC NEEDS OF SPACE LIFE SCIENCES IN THE 1980's

Expansion into space will inevitably involve the human organism
whether for functional tasks or as a result of the innate desire to
explore, understand, and eventually occupy these frontiers. That man-
kind will go into space is no longer questioned; instead, it is when,
how far and for how long?

The overwhelmingly unique characteristic of space that must be
reckoned with is that of weightlesness and its complex influence on
biological mechanisms. The effects of gravity upon living systems have
a long history of consideration. Galileo (in his "Discourses," 1638)
compared structural differences between animals of different size, and
attributed them to be a response to Earth-gravity. He also noted that
very similar changes were incorporated by architects into various
structures, and this led to the statement of the Principle of Similitude.
Galileo also invented the telescope, establishing modern astronomy --
so most of the concerns of modern space science have a common, as well
as ancient origin. Unfortunately, further development of gravitational
biology was hampered by an inability to alter the gravity-environment,
which is only now becoming a feasibility. So it seems reasonable that
an extra effort be extended to space life sciences to offset the
centuries of impeded progress.

The understanding of these mechanisms of gravitational effects is
a fundamental scientific endeavor independent of questions of human
health. However, if humans are to work productively in space, and
eventually master this environment, the means must be available to under-
stand the complex interactions of gravitational force with living systems.
Without denigrating the importance of the Space Sciences Platform as
a research tool uniquely suited for basic researches in several biological
areas, we must emphasize that crucially important practical questions
focus on the ability of man, animals and plants to cope with hypo-
gravity either by adaptation or by provision of artificial gravity.
A major purpose of the Platform will be to explore these issues and to
search for acceptable g-levels in a space environment provisioned for
these studies. Specifically, the issue is to understand biological
processes in zero g and to investigate the mechanisms in the domain of
zero to one g which is unavailable on Earth.

We must study and test the biological organism, especially the
human and his subsystems, for life and work in space over extended
periods at minimum costs, both physiological and fiscal. It is
logical and timely to explore these issues in the forthcoming era
where transportation into space will be routine and large facilities
such as the Space Platform will be available for research.

A coherent gravitational biology — integrating the effects of
weightlesness, sub-gravity, Earth-gravity and greater fields — will
have many important influences upon all biological science. The constancy	 w^
of Earth gravity has constrained biological science to a single gravi-
tational niche. Understanding the effects of the dynamic property of
the environment will not only greatly expand our concepts, but it may
well have very important applications in medicine and agriculture.
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Since 1957 when the Soviets successfully launched Sputnik I,
man has collected and accumulated a vast amount of biological data
with emphasis on the effect of zero g space flight on the astronauts,
as well as the response of a variety of biological specimens to this
environmental perturbation. Presently, it has been established that
man can perform pre-designated tasks, at least adequately, for up to
90 days in a weightless environment. Although the limiting conditions
for a range of behavioral interactions have yet to be adequately
defined, observed responses to the zero g environment indicate signifi-
cant alterations in a number of biological homeostatic control mechanisms
(see Skylab Medical Report):

(1) Cephalad redistribution of body fluids.
(2) Progressive loss of muscle mass and body nitrogen stores.
(3) Loss of skeletal mass with increases in urinary calcium

which were not only in the range seen in terrestrial subjects with
recurrent renal calculi, but also inappropriate for the circulating
blood calcium levels.

(4) A tendency toward hypokalemia with associated elevations
in renin and aldosterone, but paradoxial increases in sodium excretion.

(5) Intestinal malabsorption of calcium.
(6) Increases in circulating cortisol, testosterone, cate-

cholamines, thyroid stimulating hormone, parathyroid hormone and
thyroid hormone.

(7) Anemia, and blood volume contraction, with associated changes
in red blood cell size and shape.

(8) Transient alterations in vestibular function.
(9) Decreases in circulating glucose and insulin.

The aforementioned alterations notwithstanding, the astronauts
were capable of performing well and tolerated exercise testing well; and
since these charges reverted to near-normal subsequent to the Skylab
mission, they have either been ignored or considered inconsequential.
This Panel is, however, concerned that the astronauts were at the thres-
hold of irreversible biological damage. Hence, we recommend that more
detailed analysis of these acquired alterations in cardiac, hematological,
renal, electrolyte, and hormonal imbalances be made if, in fact, plans
for zero g activity are anticipated for periods extending beyond 80 to 90
days.

Until more complete sets of data are available for analysis, the
accumulated evidence could be consistent with the following sequellae:

(1) Cardiac failure with associated distuz-11ances in cardiac con-
duction.

(2) Intrarenal calcification (nephrocalcinosis) and kidney stone
formation (nephrolithiasis).

(3) Enhanced risk of skeletal fractures.
r-

	

	 (4) Gradual decrease in work/energy thresholds and fatigue
syndrome.

(5) Inappropriate fuel for glucose production and/or end organ
resistance to gluconeogenic factors.

1
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(6)	 Acquired disturbances in renal tubular reclamation of minerals
(i.e., Nat and Ca++) . .

(7)	 Decreased sexual potency and activity.

It is reasonable to expect that if well conceived, scientifically-
based experiments are performed in Space Shuttle flights, the etiology
and pathogenesis of biological changes which occur early in flight will
be elucidated.	 Although this, in turn, will offer some insight into
those abnormalities which obtain and persist beyond 14 days, it should ^•
be followed by similarly well-designed but long-term studies. 	 Since
further Skylab missions are presently "off the books", a Space 'P1-'_.i-;AM

environment is deemed essential to these follow -up st y ;':;;.	 Most
specifically, we assume that Space Shuttle 9---.meats in man will
emphasize: venous pressure recordino-; ,,easurement of cardiopulmonary
dimensions, blood hormones	 .neir circadian rythms, and urine com-
position and output; -:a.sysis of eighth nerve-vestibular control
mechanisms (rh-: matter in appropriate laboratory models); and charac-
terizar 4 ... of antidiuretic hormone- aldosterone-renin-water excretion-
s r .:lum excretion relationships. 	 It is also assumed that human subjects
in these experiments will be scientifically motivated observer-technical
personnel (i.e., payload specialists).

Specifically, these payload specialists would be required to
function in a technical capacity during studies designed to evaluate
the effects of short-term as well as prolonged (> 80 days) exposure to
weightlesness on a variety of biological phenomena. In addition, these
same payload specialists would also serve as human subjects for experi-
ments designed to study man's biological and behavioral responses to
short- and long-term exposure to zero g.

The design for subsequent experiments utilizing the Space Plat-
form should obviously be guided by the results obtained in the 10 to 14
day Space Shuttle studies. In addition, to follow these initial short-
term studies under conditions of extended exposure (i.e., > 80 days),
an integrated experiment model is essential. By this we mean that an
organism's survival in space cannot be predicted from studies of indivi-
dual components. Such predictions require studies of the intact organism
per se, as well as its interactions with other organisms and with the
environment. This integrated approach will, by definition, require a
behavioral methodology for integrating the performance of payload
specialists, their health status, and the interpersonal requirements of
a habitable social environment. This concept requires a specially con-
figured facility for the analysis of the behavioral aspects of this study.

Gravity has been called the common denominator in all terrestrial
life phenomena. Life on our planet evolved under a 1 g field. In addition
to the obvious ways in which organisms are adapted to that field intensity,
there may well be more subtle dependencies on gravity that escape our
attention because we lack a sufficient body of data on organisms at
gravity levels other than unit g. Now we are in a period of increasing
experimentation with organisms exposed to g-forces greater or less than
normal; already such research has indicated changes within adaptable

r
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physiological limits as well as some pathophysiological responses. Both
for practical considerations, and also for increasing our basic under-
standing of how gravity is important to organisms, many kinds of ground-
based and space experiments are called for. Tests on animals and those
on plants will be considered collectively and separately in later sections
of this paper. Animals, and in some cases plants, will be used to satisfy
basic research objectives, but they will also serve as models for
elucidating tae puyslul-;,±^A1 and behavioral responses of man to hypo-
gravity.

It is quite reasonable to assume th at,future manned 	 missions,
beyond the era of Space Shuttle, will involve teams of many human V rti-
cipants working and living in space for extensive periods of time. Fjk
practical logistical reasons it is highly probable, for longer duration
missions, that dependence upon non-regenerative life support systems
(i.e., total resupply from the Earth) will be prohibitively costly. In-
deed, partially or nearly completely closed life support systems will
eventually be required to sustain the food, water and breathable atmo-
sphere supplies for these more sophisticated space habitats. Realistically,
these requirements will probably be met through development of progres-
sively more closed systems over a number of years, with some capabilities
having longer development lead-times than others.

Me broad categories of life-support functions for which closure
sub-systems can be considered are food supply, revitalization of atmo-
sphere, water supply and waste processing. Physicochemical and biological
processes must be studied, evaluated, and compared to select the best
combinations to satisfy closure requirements. In the specific case of
food supply, requirements will have to be met exclusively by biological
(e.g., plant and animal culture) techniques until chemical synthesis of
food becomes a viable alternative.

Therefore, the broad scientific needs in the area of life support
systems technology, in the 1980's, will be to understand through
sequentially designed investigations the following:

(1) Evaluation of the effects of the space environment (principally
weightlesness and radiation) on the dynamics of candidate biological and
physiocochemical processes.

(2) Development of life support sub-systems that can reliably
perform the various regenerative functions under conditions realistic
for a space habitat (including definition of the minimum gravitational
force required for proper function of particular sub-system candidates).

'

	

	 (3) Development of techniques to couple and integrate the various
sub-systems in a stable, safe, and efficient manner (including monitoring

t
	 and control features).

Each of these investigative areas can be further subdivided into
research needs that can be satisfied by one of three facility modes:

(1) Earth-based facilities (no specific need for conducting these
experiments under conditions of weightlesness).

(2) Shuttle Attached Payloads (limitations of the Shuttle config-
uration, services, and mission duration are not too restrictive).
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(3) Space Science Platform (requires conditions of weightlesness
and duration exceeding the capabilities of Shuttle Attached Payloads).

The life sciences community recognizes that the radiations of space
may represent one of the factorb most seriously limiting long duration
space residence of man and his life supporting organisms. The radiation
problem permeates the entire life sciences program and is common to all
the required experiments ranging from human health to basic investigations
on graviperception. Space experiments to date suggest that synergism
exists between the effects of weightlesness and radiation. Hence, radiation
exposure should be measured and monitored for all experiments performed.
However, to date, natural radiation doses received, due to relatively short
flight durations, have not posed a health problem or affected the results
of space life sciences experiments. This suggests that near-term radiation
studies should be conducted primarily in ground-based facilities where more
controlled radiation doses can be obtained. Further space radiation
experiments will require radiation-intensive orbits, very long duration
flights, or preferably, on-board radiation sources. Specific radiation
studies will not be suggested in this report because those most required
in the near future can be performed in earth laboratories.

The Life Sciences Panel views the whole problem of life in space
as one having many interrelated parts, perhaps even as a jigsaw puzzle
where all pieces are needed to understand the whole. On one end of the
problem spectrum is our concern for the human health problems identified
to date and at the other, the basic reactions of animals, plants and even
cells to the weightless environment. Hence, we consider the appropriate
space life sciences program to be one which produces generalizable knowl-
edge, most of which will be useful in the near or far term in achieving
the applied objective of space habitation. This integrated approach to
life sciences research is illustrated in Figure 2.1. We also look
forward to the possible use of the knowledge gained in the space life
sciences program for earth-based biomedical and agricultural applications.
The integrated life sciences program presented should yield the information
required to satisfy all of the stated objectives.

2. SPACE LIFE SCIENCES NEEDS SATISFIED BY
SHUTTLE ATTACHED PAYLOADS

The Shuttle/Spacelab facility will serve adequately for the per-
formance of a variety of life sciences experiments which can be accom-
plished at intermediate g levels (10- 2 to 10-3)during relatively short
exposures (7 to 14 days) to the space environment. An integrated life
sciences program as presented will make extensive use of the Shuttle as
an optimum test facility for selected experiments. The program will also
employ the STS for development and test of equipment and protocols for
experiments requiring much longer time periods and/or lower g levels
(10-4 or lower). We view the life sciences program as an evolutionary 	 _!
one which eventually will require experimental facilities in orbit for
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three years and perhaps longer. In the interim, the Space Sciences Plat-
form is considered the next logical facility to provide the flight durations
and low g forces required to develop the knowledge necessary to assure man's
health and performance during long duration residence in space. Human and
animal experiments developed for Spacelab will lead to more extensive
programs utilizing the SSP. Where possible, Spacelab equipment should be
interfaceable with Platform configurations. Plant and lower organism
experiments, both for basic science investigations and to support develop-
ment of regenerative life support systems, will be started on Spacelab
and logically evolve to require the SSP system for successful completion.
Table 2.2 illustrates the evolutionary (Shuttle to SSP) nature of the space
life sciences program.

3. TYPICAL EXPERIMENTS REQUIRING SPACE SCIENCE PLATFORMS

3.1	 Biomedical Experiments with Humans and Animal Models

The prime objective of experiments planned for the Space Science
Platform should be to determine the minimal environmental requirements for
prolonged survival in space. Specifically, it must be determined:

(1)If g fields, which could be realistically implemented with the
Space Platform, reverse the deleterious effects of zero g on bone lcss
and progressive increases in urinary calcium concentration and excretion
rates. These experiments will be designed for both human subjects and
species (such as rats) which also respond to weightlessness with bone
mobilization and calciuria. Until this question is answered, the potential
remains for recurrent renal calculi (stones) and skeletal fractures in
prolonged exposure to decreased gravitational forces. Specific areas
of investigation might include analysis of bone strength as a function
of time of exposure to weightlesness, pharmacological or other inter-
ventions that slow bone resorption, the measurement of calcium precipi-
tation, and design of interventions that prevent such precipitation.

(2) Are early signs of cardiovascular deterioration progressive,
and if so, to what degree are they irreversible? Preliminary observations
in humans indicate that long-term morbidity might result from excessive
red cell deformation, cardiopulmonary congestion, changes in myocardial
mass and contractility, and fundamental defects in neurogenic and over-
all cardiovascular control. In this regard, experiments can be designed

various species; however, bipeds, in particular, in experiments to
yate,indicate that these cardiovascular, hemodynamic, and hematopoietic
alterations are limited to those species which normally assume the
upright posture. Specific protocols would identify interventions,
particularly increases in accelerative force5, which would alter central
blood volume, myocardial muscle mass, spatial distribution of pulmonary
blood flow and ventilation, and myocardial contractility as determinants
of cardiovascular status. Specific areas of investigation might include
assessment of the magnituele or long-term cardiopulmonary congestion and
the final dispositic:: of early cephalic fluid shifts; the design of
interventior_a chat maintairr red cell and plasma volume; detailed assessment
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of the cardiovascular response to imposed workloads; and the development
of strategies to prepare the cardiovascular system for reentry to the
terrestrial environment after prolonged exposure to space.

(3) Whether decreases in skeletal muscle mass will adversely affect
work performance in space and whether these changes are reversible by
small increases in artificial g-forces or by other interventions. Most
specifically for these protocols, continual monitoring of animal models
is deemed essential in order to minimize the effect of malnutrition on
muscle mass. =he use of animal models will allow highly focused
histological and biochemical experimental protocols with emphasis on:
morphological analysis of muscle specimens (including electron micro-
scopy); whole-body in-vitro nitrogen balance studies; and chemical
analyses of contractile proteins and metabolic substrates. In man, and
other species, nitrogen balance protocols would be coupled to measure-
ments of urinary 3-methyl histidins, the latter reflecting muscle
catabolic processes. Specific areas of investigation include: long-
term optimization of exercise strategies to minimize muscle loss;
interventions to specifically maintain antigravity mus=les during
periods of disuse; and evaluation of the role of substrates, metabolites,
and humoral factors on the maintenance of muscle mass and function.

These three specific areas of investigation highlight a broad
spectrum of problems that must be dealt with if man is to live and work
in space. Additonal concerns necessarily involve radiation exposure,
reproduction, and many other factors not delineated here. It is impor-
tant to emphasize that there is little difference between experimental
facilities designed to facilitate habitation of space, to advance ter-
restrial medicine and to further our understanding of basic biological
principles.

To understand the integrated cellular response to prolonged
weightlessness requires a study of complex biological phenomena. There-
fore, if advances are to be made, experiments should not be limited to
human subjects. They will necessarily include studies in a variety of
animal and plant species whose -election is dictated both by the nature
of the scientific query and the fact that man would be an inapr-opriate
subject due to the contraints imposed by experimentation limit, with
human volunteers.

Table 3.1 illustrates the types of biochemical and physiological
studies needed which would benefit from, or would require, a Space
Sciences Platform.

3.2 Behavioral Experiments With Humans and Animal Models. One of the
primary objectives of experiments planned for the SSP should be t^. - inves-
tigation of behavioral adaptations to fractional gravitational force
environments in order to determine optimal conditions for long-tk--,
extraterrestrial habitation. Specifically, it must be determined: 	

3

i

(1) How a range of g fields which could be realistically imple-
mented with the SSP (e.g. 0, 0 . 2, 0.5, and 1.0) affect performance levels
over extended time periods. These experiments would be carried out with
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both human subjects and animals using a variety of learned (e.g. classical	 ^?

	

and instrumental conditioning techniques) and unlearned (e.g. activity 	 -r
level measures) behavioral assessment procedures. In addition, technolo-
gically advanced psychophysical methodologies would be employed to determine
changes in levels of sensory-motor function. The validity, reliability,
sensitivity, and comparability of such performance assessment procedures
have been convincingly demonstrated in behavioral pharmacology and behavioral
physiology laboratories over the last decade.

(2) How the basic behavioral assessment procedures and other life
sciences studies can be integrated within the frame work of a compre-
hensive programed environment concept approach to a dedicated habitability
module which could be realistically implemented with the SSP configuration.
In addition to the standardized learned and unlearned performance evalu-
ation and psychophysical assessment procedures, these experiments would
explore the application of a total and continuous "life space" program
within the context of an integrated work and habitability model. This
approach would provide for objective measurement and quantification of
individual and social adjustment patterns (e.g. frequency and duration of
social episodes, social distance measures, etc.) which have been developed
in recent ground-based studies with small human groups under confined
micro-society conditions.

3.3 Gravitational Physiology Studies On Animals. Broadly based experiments
in space are needed to uncover the overall effect of protracted weightlessness
upon vegetative functions of animals. Experience with chronically accel-
erated animals indicate that hyper-g effects are progressive. Assuming the
same for protracted weightlessness, maximally useful results would require
tests of up to 120 days in space for experiments on individual animals.
Multi-generation studies would be proportionally longer.

Gravity and body size interact strongly. Experiments are needed on
groups of animals representing a considerable range of mass, and comparisons
should be made between quadrupeds and bipeds, as well as between birds and
mammals (the two types of homeotherms). For example: mouse (0.03 kg), ham-
ster and coturnix (0.11 kg), rat (0.30 kg), rabbit and chicken (2-4 kg),
and dog and monkey (10 kg) represent the range of specimens needed. Results
will establish scale factors in gravitational physiology of homeotherms
necessary for relating results of animal experiments to humans.

Experiments are needed at several g-levels. In addition to those
at 1 g, there should be studies at 1.5 g and 2.0 g on centrifuges on Earth,
at 0.2 g, 0.5 g, and 1.0 g on centrifuges in space, and the all important
control, nominal "zero g". Typical observations and measurements to be made
in hypogravity include:

(1) Body mass determinadons and nutritional balances at weekly 	 1
intervals.

(2) Urinary concentrations of creatine, creatinine, HO-proline, 	 S
and 3-M-Histidine.

(3) Respiratory metabolism, heart rate and body temperature as
indicators of circadian rhythms.

(4) On animals sacrificed at intervals: Hematology, plasma com-
position, and bone histology.

Y
132

a^.a^_y. ^. _..—au r•: - =rMr^ a•„_^^ - .._.. ,^{. tom—	 v	 •.	 .-.	 ... .. eiw.t.lL.:s.r.'..^..a	 Y.^_.^



(5) Fluid and electrolyte shifts to reveal redistribution of body
fluid to the thoracic and head regions as occurs in animals and humans.

After space flight, the remaining animals will be returned to the
I g laboratory for intensive study of deadaptive and/or readaptive changes.

These measurements of progressive changes under weightlessness or at
different levels of hypogravity (0 < g < 1) need not be done on all animals
simultaneously. Changes induced by weightlessness would indicate pertur-
bations of processes or organismic components that probably could be identi-
fied specifically. Subsequent experiments would follow-up such leads and
allow investigators to evaluate and understand the mechanisms responsible
for the adaptive and important pathological effects.

Basic questions on the role of gravity in evolution and physiology
could be answered by animal experimentation (e.g. g effects on the complete
life cycle of one or more typical homeotherm species, viz. sperm and egg
production, fertilization, embryogenesis, birth, rearing of neonates
(maternal and litter behavior), growth and development, and reproduction).

Mechanisms involved in early physiological responses to weightless-
ness can be assessed by utilizing short-term (7 to 14 day)	 Shuttle-
Spacelab flights, but chronic exposure responses also will require the
long-term (120 days or more) exposure that would be possible on a Space
Platform. See Table 3.2 for illustration of proposed animal studies,
most of which will serve to model expected effects in man. Animal studies
will help overcome most of the invasive and replication problems encountered
using man as the test subject.

3.4 Gravitational Biolcgy Studies On Plants. For plant organisms, gravity
is among the more significant environmental factors that condition form and
function. The most interesting research to be done on plants in space will
not examine weightlessness as a stress that could be harmful. Since plants
are structurally over-built, deleterious effects generally occur only at
g-levels far above what a land animal of comparable mass can tolerate. In-
stead, gravity is considered by many biologists as a nonstressful source of
environmental information to the plant.

Studies of plant reactions to environmental g-signals will be of two
kinds: (1) exploratory observations to determine whether particular func-
tions or features of the plant are at all dependent on a g-force, and (2)
experiments to describe, over a range of g-levels, specific organismic
properties found to be g-dependent. Broad questions representative of those
that can be answered by exposing test plants to unusual g-forces include:

(1) How do plants detect the g-force and by what mechanism(s)
do their bioaccelerometers operate?

(2) Do plants require gravity as an orienting force during
embryogenesis or at any later stage of development?

(3) How are the common nastic responses to gravity, su^h as hypo-
nasty of lateral organs, related to the intensity of the gravitational
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TABLE 3.2. EXAMPLE ANIMAL STUDIES FOR FLIGHT PROGRAMS

Shuttle
Short Term
(7-14 days)

Space Platform
Long Term
(.120 days)

Scaling Effects - +

Life Cycle
(Reproduction, etc.)

- +

Skeleto-Muscle Metabolism ; +

Nutritional	 Metabolism + +

Water Metabolism
(fluid Shifts)

Electrolyte Balance +

Body Composition + +

Hematology + +

SCALING EFFECTS PROJECT

Weightless
Effects

Anatomic	 l

Metabolic	 p.
I	 ^

Endocrine

Developmental	 x
L	 i	 I	 _

0.01	 0.1

Body Size (kg)
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stimulus?
(4) How does the application of a force prevent the anomalies

in plant cell division that were observed in experiments in weightless-
ness by both U.S, and Soviet investigators?

(5) How are the gravitropic responses of plants brought about?
(6) Do the nearly ubiquitous circumnutations of plant organs

(roots, branches, tendrils, hypocotyls, etc.) 	 depend on gravity, or is
the driving stimulus quite endogenous?

(7) Does the release of a plant from gravity produce a phase shift
of its circadian rhythm as was reported from experiments with simulated
hypogravity?

(8) What are the kinetics of a typical phototropic response uncon-
taminated by geotropism?

(9) How does the g-force influence the activity of certain plant
enzyme systems that were altered in tests with simulated hypogravity?

To find answers to these and other questions, experimenters must be
able to alter g-levels both upward and downward from unit g. Hypergravity
tests are being done on centrifuges on Earth, but the hypogravity studies
can be done only in space. The research must be conducted in several
different kinds of space facilities because the experiment requirements
vary considerably with respe_t to: (1) the g-force limit above which the
experimental objective would be compromised, (2) the duration of the
experiment, (3) the need for "hands-on" manipulation during the progress
of the experiment, (4) the volume, and perhaps in some cases, the mass of
the equipment, and (5) the peak and average power requirements.

Table 3.3 shows most of the kinds of plant experiments that we now
believe would be appropriate for space missions. In the top part of the
Table are tests that can be done using Shuttle Attached Payloads. The
remainder of Table 3.3 shows tests that cannot be accomplished by that means,
but which require a Space Platform.

Two examples will be given of plant experiments that will require
a Space Platform with capability greater than that of a Shuttle Attached
Payload.

(1) What is the threshold for g-force detection by a plant? This
measurement was attempted on earth using clinostats for hypogravity simula-
tion. The possible inadequacy of the simulation was recognized by the
investigators, but the tests were done before space vehicles became practi-
cally available for botanical research. Initial results indicated that the
bioaccelerometers were sensitive to as little as 10 7g. That fantastic
sensitivity measurement was distrusted, and the apparatus was redesigned to
reduce, as much as possible, low level vibrational inputs. The tests were
then repeated and the limit was found to be about 10 g. In spite of the
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experimenters' caution, the different values obtained warn us that we can-
not be sure the hypogravity simulation method is valid. Obviously the mea-
surements should be made under real, not simulated hypogravity. When the
sensitivity threshold is measured in space, the results should be unambiguous,
but tests will require a Space Platform on which the "background" g-level
will be no greater than 10-4 g. We are not confident that a Shuttle Attached
Payload could achieve this with crew members' activities and other sources of
accelerations to contend with.

(2) To answer the question, "How does gravity determine the course of
plant morphological development?", it will be necessary to grow a population
of plants which experience no detectable g-signals through at least one com-
plete life cycle. The minimum duration will be about 4 weeks which exceeds
what Spacelab can accommodate. Moreover, if, as has been suggested, a g-pulse
can determine whether or not a particular developmental sequence will ensue,
the test environment must not include even brief episodes of g-force appli-
cations above a threshold now estimated to be no higher than 10 -3 g. The
Shuttle Attached Spacelab cannot meet this requirement.

It seems evident that for some important experiments on animals and
on plants the Space Platform, if it is appropriately designed, could be
uniquely useful for basic research in biology.

3.5 Development of Regenerative Life Support Systems. Many of the physico-
chemical and biological components for regenerative life support systems will
require testing in the Space Shuttle or Shuttle Attached Payloads, including
Spacelab and possibly tethered spacecraft. Utilizing the Shuttle and Spacelab,
the spatial requirements, energy needs, and mission demands can be ascertained
for the physico-chemical methods of: (1) potable water treatment by thermal and
membrane (reverse osmosis) regenerative processes; and (2) thermal and chemical
oxidative technology for solid waste management. Conventional anaerobic /
aerobic bacterial digestion and biological oxidation pond treatment systems
for regeneration of potable water and solid waste treatment have not been
examined in hypogravity environments. Although the micro-organisms involved
may not be affected by the influences of low-gravity, the processes of micro-
bial/substrate interaction may be influenced by this environment. Therefore
they should be subjected to subscale testing in the hypogravity environment
provided by the Shuttle Attached Payloads. For photosynthetic processes to be
considered for possible utilization for atmosphere regeneration, illumination
requirements for optimum operation must be satisfied. Space Shuttle and its
attached payloads can provide the necessary conditions for tests using solar
and filtered-solar illumination. This spacecraft also allows for generation
of artificial lighting for necessary control experiments or demonstration of
the need for totally artificial illumination. Biological gas regenerative
mechanisms involve the complexities of photo-oxidative processes. These
studies are also amenable to the use of the Shuttle. To date, mostly static
cultures have been tested in space, and it is essential to examine active
photosynthetic organisms in the low-gravitational and otherwise stressful
conditions of the space environment.

The photo-oxidative process is multifaceted since, in additiontD oxy-
gen regeneration, it does produce food as a by-product, thus yielding a net
water balance, an integration of the nitrogen cycle, mineralization through
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nutrient exchange, and recovery of carbon and oxygen from metabolic CO2.
Each facet can be considered an identifiable component of the overall system,
and each must be tested phenomenologically in the Shuttle program to ascertain
its applicability toward eventual incorporation into an ecologically balanced, 	 i
integrated life support system.

An evolutionary series of typical studies, experiments, and tests of
regenerative life support system processes and components would be based on
early use of Shuttle payload flight capability followed by subsystem and sys-
tem tests on the Space Sciences Platform.

• Component processes for potable water production, waste management,
atmospheric regeneration and food production may be found, after Shuttle-
based substage testing, to require specific and rigid conditions for accept-
able performance. These requirements may include filtration of natural non-
terrestrial illumination, or a specific requirement for artificial lighting.
Perhaps optimum performance of the biological system may necessitate the
induction of a pseudo-gravitational fLeld of some magnitude, i.e.-, 0.2, 0.5, or
1 g. The Space Science Platform could ideally match the anticipated spatial
requirements of multiple experimental modes for illumination optimization
and/or gravity simulation (i.e., centrifuging).

• Closure of the regenerative life support system entails utilization
of crop plants for food production. Considerable effort in selection of
food plants, adaption of plants to the specialized space environment, and
optimization of species for high performance in productivity and food
value is essential. The criteria for plant longevity, stability in a stress
environment, optimum growth, normal development and maximum productivity,
must be established by testing in the rigors of the actual space environment.
To establish these criteria, selected plants must be subjected to long-
duration exposure to weightlessness through complete life cycles, and input-
output data similar to that illustrated in Table 3.4 must be obtained. By
virtue of this requirement such experimentation needs the long-term space
exposure that can be provided by the Space Science Platform program. Also
obvious to obtaining maximum food plant productivity is development of
plants which have spent several generations in space (hypogravity, illumi-
nation, etc.) and have adapted to the new environment. This necessitates
multi-generation production of plants, a time consuming process. Such
experimentation will require orbital stay times offered by the Space Science
Platform.

• Ideally it is desirable, when designing a life support system for
long-term space habitation for man, to consider materially closed regen-
erative systems. An important consideration in this matter is the possi-
bility of providing a fully operable nitrogen cycle (as is conventional on
Earth), ranging from bacterial fixation of atmospheric nitrogen to ammoni- 	 l
fication, and nitrification. Selected processes and systems could provide
space habitats with mechanisms for food production, atmosphere regeneration,
and natural mineralization that are less energy-intensive than physico-
chemical schemes for the same purpose. Demonstration that a complete cycle
is operable in the artificial circumstances of the extraterrestrial environ-
ment can be provided only by the long-term experimentation in space that
would be possible on the Space Science Platform.
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To obtain highest performance, long-term space study is essential
to ascertain and manipulate a variety of parameters including: acceptable
nitrogen fixing plant species; bacterial species involved in pertinent
aspects of nitrogen cycling; and an appropriate medium for integration of
the cycle. It will be necessary to obtain input-output data with appro-
priate parameters for microbial species similar to that required for plants
(again see Table 3.4). The latter point must be carefully considered since
soil or soil-substitutes (such as are used in hydroponics) must be exhaus-
tively studied for relative merits and tradeoffs. The time frames of such
studies are so long as to be considered experiments that can only be conducted
on a Space Science Platform, not on Shuttle Attached Payloads.

The consideration of food crop production in space necessitates
attention to scaling problems. Although many aspects of plant reactivity to
space can be studied in short-term ( 14 days) space flights, long-term space
flights, i.e., the Space Science Platform, are necessary for determination
of food-crop productivity, mission demand for food production, and scaling
requirements for food production in space habitats. Provision of food for
space habitats requires extensive investigation to optimize its integration,
since this component is undoubtedly the single most complex factor in closure
of the regenerative life support system.

An alternative technique for food-crop production involves the use of
non-solid substrates, i.e., hydroponics. Whether a solid substrate (soil) or
a liquid medium is employed will depend largely on requirements for plant
growth in hypogravity. However, utilization of liquids in space presents
unique problems, and successful management of some regenerative processes,
such as the nitrogen cycle, may depend on providing appropriate solid/liquid
interfaces. The area of fixed-film bioreactors, such as the use of micro-
organisms attached to solid substrates (as it applies to mineralization),
requires thorough investigation in space.

Use of liquid media also necessitates consideration of gas exchange,
or mass transfer of gas through a liquid medium. It is known that in hypo-
gravity situations, bubbles in liquids behave differently than they do in lg.
Liquids would, in fact, remain more saturated since gas-bubble dissipation
through buoyancy is not operational. This may possibly provide more optimum
conditions for development of aerobic microbial populations. Such conditions
may, indeed, be optimum for mineralization aspects. This enhanced gaseous
mass-transfer approach may also be applied favorably to aerobic treatment of
waste products and single cell protein production where maximum productivity
could be obtained in minimum volumes. Scaling of such processes is required.
These aspects all demand exhaustive investigation in space where long-term
experimentation in hypogravity is possible. The Space Science Platform meets
all essential criteria for these types of investigations, including long-term
experimentation periods and spatial requirements for larger-scale apparatus.

The facility modes that will be required to support the various categories
of life support systems research are summarized in Figure 3.1.
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ĜP̂ W W ~ ~

^.j^
ca

V V t^

x

D.
0.

J

W

^I

^ W
W z

W

C.^ LAJ

V.
LL
O

W

a
OJ
W1
W
0
W
6/1

Q.

c
W
G

N

G Q ^

IL
W

3 H Q ,t

<^Xa

W

J^

Q ^Z1/ W W N

^H
UA 12 366

F^ X
W

?—W

Q =
W

W

U.

N

H
uh

O J

S
t
W

N
...l..! .........................

9N
L;l



i

4. PLATFORM REQUIREMENTS 	 ! i.

The requirements for the life sciences aspects of the Space Science
Platform focus primarily on extension of capabilities limited in Spacelab,
namely longer duration, and increases in laboratory volume, power, and weight.
The important feature which may go beyond Spacelab in significant ways is the
provision of controlling gravitational and pseudo-gravitational forces in the
range of 10 -6 to 1 g An important new feature beyond current STS capabilities 	 f

is the provision of ample crew habitability features so that humans can not	 ?
only work efficiently in space, but oe adequate subjects for controlled
biomedical and behavioral testing. For design purposes and comparison with
other SSP concepts, first order platform characteristics are:

(1) Orbit: Nominal, avoiding high-radiation orbits, with the special
exception of radiation studies where access to high radiation orbits might be
desired.

(2) Acceleratbn: It is necessary to have platforms of low disturb-
ance (less than 10-4g),

(3) Orientation: There are no specific orientation requirements as a
whole. For certain plant studies, maximum sun viewing will be required.

(4) Data and Telemetry: Spacelab-like capabilities will suffice for
life sciences SSP activities (data rates of 50 to 1000 K bits/sec with the
additional provision of downlink video).

(5) Maintenance and Checkout: Bands-on experimentatbn is fundamental
to life sciences activities. Specimen and equipment handling will be performed
routinely.

(6) Environment and Contamination: There are some unique contamination
avoidance requirements imposed by life sciences (e.g. ethylene). Exposure to
extraneous electromagnetic fields, ion beams, etc. should also be avoided.

(7) Environment and Vibration: Less than about 1C7 3 g is necessary for
some experiments.

(8) Power: Initially about 25-50 Kw of user-available power would be
required for experimentation (exclusive of any habitability or other environ-
mental control requirements).

(9) Operathns: Ground, STS, and SSP operations would be logical exten-
sions of those envisioned for Spacelab (see (13) below).

(10) Duration: 3 to 12 month orbit-stay-times are required with
growth capability to 2 to 3 years.	 i

(11) Crew size: 6 to 12 persons would be typical for life sciences
SSP. They would also serve as experimental subjects.	 I

(12) Thermal Rejection: The ability to dissipate the full electri-
cal loads should be routinely available. For illuminated photosynthesis
experiments, using sunlight, thermal rejection capabilities above the electri-
cal load level will be required.

(13) Shuttle Supply/Expendibles: Shuttle visitation, expendibles
resupply, and crew rotation are all expected for SSP operations. Long duration
tests on specimens may be conducted over experiment durations exceeding the
safe stay time for human crew members, requiring crew changeout for contin-
uous operation.

(14) Habitability Features: To assure that adequate physiological
and behavioral studies can be made on the human subject/crew members, it is

necessary that crew quarters be designed and provisioned with adequate volume
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and ammenities so that crowding and other stressful environments do not
occur. In the most far-ranging concepts for life sciences SSP, it will
be desirable to operate habitability modules at partial-g levels which
might be obtainable by rotation of the entire module on a tether about a
large radius.

(15) Centrifuge(s): See Section 5 below.
(16) Illumination: As mentioned above, certain photosynthetic

experiments will require illumination by natural/or filtered sunlight.
(17) Automation: Life sciences investigations generally do not

lend themselves to automation.
(18) Contamination Avoidance: Since inhabited modules imply

venting and dumpirg of gases, and since other, non-life science investi-
gations may be extr moely contamination sensitive, it may be necessary to
emphasize contaminent tanks, filters, traps, baffles, and other con-
tamination avoidance systems.

5. CENTRIFUGE CHARACTERISTICS AND REQUIREMENTS OF
SPECIAL SIGNIFICANCE TO THE LIFE SCIENCES

For plant, animal and human studies, provision of centrifugal
forces will be required in the nominal zero g through 1.0 g range. To
achieve these forces without scientific compromise, gravity gradients
within the test specimen should be less than 5%, thus dictating the
centrifuge size as a function of the specimen height. Since many studies
of gravitational effects are anticipated over a range of force levels and
specimen size, several centrifuges of differing size may be required,
ranging in radius from several tenths of a meter to several tens of meters.

Only chronically maintained g-levels need be furnished; rapid accel-
erations or declarations such as might simulate rocket launch or atmos-
pheric reentry profiles would not be of interest. Thus, only low torque
operations would be required.

For small plants and animals a centrifuge 0.2 to 2.0 m in radius
would be optimal, and experimental centrifuges in this size range can be
(and are) used in Spacelab. A 1.8 m subject would be accelerated at
0.5 g with a g-gradient of 5% on a centrifuge with a 35 m radius. Nothing

larger would be required.

For some sets of experiments it may be advantageous to employ an

alternative to a centrifuge to produce a hypogravity condition. The

experiment payload could be lowered from the Space Platform on a tether
some tens of km in length. The maximal g-force (from atmospheric drag)
that could be achieved in this way would be limited to about 0.1 g. For
a minority of biological studies in hypogravity this might be even more
useful than the centrifugation method because at the end of the tether

vibrational isolation would be excellent, and the low g-levels could be
determined with excellent precision. For most hypogravity experiments
there would be no advantage, however.
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6. QUESTIONS ABOUT THE SSP CONCEPT	 j
THAT REQUIRE EARLY RESOLUTION	 I

(1) Less than 10-4 and preferably 10-1
 
g is required for some life

sciences experiments. Will the SSP provide micro-g, or must the life sci-
ences assume the responsibility for facilities for maintenance of micro g?

(2) Will it be feasible to build a multiple pressurized module SSP for
life sciences with 25 to SO KW of power for experimental purposes over and
above power needed for crew habitability, etc.?

(3) What mechanism will NASA use to insure that facilities (SSP) devel-
oped will be in response to the stated needs and objectives of the life
sciences rather than, as has been usually the case in the past, the reverse
where life sciences is asked what they can do with an existing facility?

(4) Does NASA prefer multidisciplinary SSP ventures for particular or-
bits or should life sciences plan dedicated missions?

(S) What is the current NASA projection for the growth of man's habi-
tation of space (e.g., fabrication and maintenance of the Space Power
Systems)?
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SPACE SCIENCE PLATFORM WORKSHOP

JOE WHEELER STATE PARK RESORT

AUGUST 21-25, 1978 -

Sponsored by University of Alabama in Huntsville
In Cooperation With:

NASA Office of Space Science
and

George C. Marshall Space Flight Center
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i
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i
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11:00 - 12 : 00 Panel Work Sessions and Open Discussion
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12:00 Lunch
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Solar Physics Panel R. Moore
Astronomy Panel W. Moos
Space Flasma Physics Panel J. Winckler
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Ron Moore, Cal Tech, Chairman
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George Withbroe, HCO-SAO
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Bernard Burke, MIT
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Ed Jenkins, Princeton University
H. W. Moos, John Hopkins University, Chairman
Nancy Roman, NASA headquarters
Jeff Rosendahl, NASA Headquarters

Space Plasma Physics

Jim L. Burch, Southwest Research Institute, Texas
R. G. Johnson, Lockheed
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E. Schmerling, NASA Headquarters
W. L. Taylor, TRW
John Winckler, University of Minnesota, Chairman
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Life Sciences

Louis V. Avioli, Jewish Hospital of St. Louis 	

t
Joseph V. Brady, Johns Hopkins University
Corale L. Brierley, New Mexico Institute of Mining and Technology
Allan H. Brown, University of Pennsylvania
Peter A. Chevalier, Mayo Clinic
Thomas Coleman, University of Mississippi
R. Hessberg, NASA Headquarters
Richard D. Johnson, ARC
Xavier J. Musacchia, University of Louisville
Stuart D. Nachtwey, JSC
A. H. Smith, University of California at Davis
Jack M. Spurlock, Georgia Institute of Technology
Calvin H. Ward, Rice University, Chairman

Atmospheric Sciences

Bob Hudson, GSFC
Bill Mankin, NCAR
Rex McGill, Utah State University, Chairman
George Newton, NASA Headquarters
Doug Torr, University of Michigan

Lunar and Planetary Sciences

William Baum, Lowell Observatory, Chairman
William Brunk, NASA Headquarters
John J. Caldwell, SUNY
Michael Klein, JPL
Harold P. Larson, University of Arizona

Additional Participants

Jim Ballance, MSFC
Marc Bensimon, MSFC
Jon Bijvoet, ESA
Rick Chappell, MSFC
Hugh Comfort, UAH
William W. Cuneo, NASA Headquarters
Charles Darwin, MSFC
Fred Digesu, MSFC
Jim Downey, MSFC
Jack Evans, GSFC
Robert Freitag, NASA Headquarters
Alan Gary, MSFC
Hermann Gierow, MSFC
Tom Giuli, JSC
John Hilchey, MSFC
Jafar Hoomani, UAH
Charles Lundquist, MSFC
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Samuel Morgan, MSFC
E. C. Naumann, LaRC
David Reasoner, MSFC
Ed Reichmann, MSFC
William Snoddy, MSFC
Andy Stofan, NASA Headquarters
Gary Swenson, MSFC
Martin Weisskopf, MSFC
Del Williams, NASA Headquarters
S. T. Wu, UAH
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APPENDIX B

SPACE SCIENCE PLATFORM CONCEPTS AND APPROACHES PREPARED

BY PROGRAM DEVELOPMENT, MSFC

On the following pages, possible concept approaches for a Space
Science Space Platform are offered as examples of schemes which can be
explored in structuring the carrier accommodations for experiment

	
i

programs.

No specific design is intended. Rather, possible approaches toward
providing a wide range of platform amenities for scientific investigations
from space are illustrated along with indications of versatility for
experiment support.
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Ô cc
1-
y

cc

V1

W Q
F-

J
W

V
Q ^

GC

m
V
Z

J
}•

CL J

W cc to

W Q Z O

V

s

:r

A-27



"V..o

t
Ja
Wa

H

W

rt

J

t

0

S Q

a
Gi N

H

O! p —
F^ I ^ m

= 1 Q U ^

(.^ I

LW

W J

a ^ -
^^ LAJ

f^

E0
i
J
1
2

J
b

m

V

A-28



WJ r

Y

^g0

^ ZYm
O

I& libb-

N
Q
Wm
0
W
}
nZ

Y

WF-
CC
cc0

Nr
s'
W
HN}
asr
W

Q
Z
Z
Q

O
W
N

R- . +mss

t}

Jv

`a

a

N
F—
Z

Of

We
G

i ^ W
W ^

O ( m U

U ck::

WW J
m

U O
J CLWm O

V) cr ZC

J
Q.

A-24



A-3G

c

L6j

E--Q
f

^ I w N
O I to w

V

LZ
 I

S^ LZLI7 c

LL. (A

^CL.
Wm
U



W

F—
V

HN
H
J

m

z

C7
C,7
z

N

I—

O

a
J
CL
W

a

z
W
CA
W

a.
W

v

ts

A-31



i

A-32



0
W
N

F^

Q
WH

W
Q

1d
19

sv

0
W
Y
V
8
Q
W
M+

4!
x0

}
H

V

QW
z
O
W
Dz
W
1-

MW'

m
0

CL
W
(i

W_

U
V)

W
U
Q
a.

y ^ N
W

H ^ W

V
CC

Q

W 2 V
cc
W
V

W
to

N

C)

F-- W
^ Z
W O
^ VO ^
CL Z
0
J !-

OL
C)m

1

A-33



a^

t

"^	 E

i
Q

W
1-
d

V
•

•
f

d

N

Z

Q
N

W
^ Jo	 J I^ _ a^ a

^ Qoz
~ U

N1
CL Z
W O
Z ^'W J
O

N W
W J
U Q
<uC
N rt

W
J
J

W
} J

W ,IZN

A-34	
^.



a
z
m
.hi
w
Y
F-

m
O

3
W_

W
Q
fNl1

H

}
Q
Q

N

}

Q

N
t?7

W
1-N
Nm
N

C/1
z
O

i-
Q
mW

N
z
O
N
N}
J

z
Q
t7
z

H
Z

a

N
F-
Zw
W
J
W

a
z

O
J_

m
F-a
W
Vz
OV

LL. V

Q
H ^
J
a.. ~
w L
U ^
z U„W N
U ^
C/') U
w ul

a°
CL
N

N
z
O
N

O a

W W
V
Q 0O y
Q W
4
a m
4

W	 uj
x	 cc

W }-	 HJ U	 U

ccO t2-
^ N	 N

H	 Wu
cc J	 ()

tH
CIO

C> J
Q w D

?	 JO
ct CL
CL O	 O
a m	 m
Q W (O	 }—

mCL

ww Q rt
v a z	 G

Ou

2

LOm
N
ti

A-35 i



h
W

J
Q
V V
m^

0
a~'	 Q JJ IL

• W
Q

S

y
O

N
d

c

V)

^ ^ J
 

^

CO S
m

W
U

W C
Vn V

I
Z

cv Z
Lai N c

W
U

N
W J

_.Q ^ I-

c!^ W

36

4
Q

9
D
W
a?.I-W

W

h`
V

S
N

QW
m
2

t

W

N
a
F^N
cc
Q
J

2
Q

h
W

Q
J



CL
W
U
z
O

Q.
J
CL
J
Q
U_

m

U
W
C,7

cc
W_

Q

L1

V
N

O

I

K x

A-31



A-38

9
nv

i

W

G
LL-

N')^ C
W W
ZW ¢
U NV D
U p
a. ¢
cn _
Q

E
a



}

3
W_

Q
W

co

ig
O
H

O U

g OOa
W OU _

W ^-+ Ln

cn U
W G/1

U G

GL.N

O
Q

W

y.
cc

N
N^

Z !-N

z
Z

N
}

m
N

CL
W
W

J
Q

Z
QY

H C7

Zm

O Z
g

2
0
N

O d

N W
W V
V 

CC

Q OO y
(z W
f. CC

W W
cc cr

W
J

O
O

aC
1-

aC
^-

^ N N

W J L7

_

Q

cc
CL
IL

H
CL

Q

W

yy
W

d
v^

J

Qd

^
Oj
O

G7

W
Z

Q
cc

JJ
3
Im

~
CO

O
Ou

N
ti
Z
W

W
J
W.
aZ
O
J_

m
H
CL
W
VZ
O

d
<"fN
N A-34



Q.

^I
Q
LL

W ^
U ^

U^ h

^I
Q^

N
J

-i	 S81 IOOOII IND13M OMOIAW4

A-40



}W6

O

W
iH

ZW

WU
a
m
o:
O

^I

^IW

O
W

_N

W
J

W
G

IL A V

^._IKTAAC	 2
O

\ W

41"AZAs

a
a
QJ
i

W
J

Z

JA-

a
W

W

H
WU
^I

N

g

A.I.-,

Z
S Z

W CC O
JOd

}
LL

A-41



2
CL
W
W
Y
F-
m2
O

W_

QW
O

D

}

Q

N

}
Q

N
W
HN}
Nm
0N

N2
O

Q
W

D
2
Ov
N
N}
J
Z

:'2
P
2

a

Q N^ U
^ O
w Z
U ^
w c/'1

(n
U ^
w ^_

V)

2
:n

O O
d

N WW V
V 2
Q ^O y
Q Wa ^

I

W

J

W W

}-

N W J 0

UA
V

y m Q

X Q w H
JW 2 a ^

m2 Q uj C7 ►-
a Q WW S

d 2 O

Vd
W

O
u

-41



N
ZO
h-UW
D

C^
Z

W

a

N

W
1--

N
C9Z
F-
Z

O

dD
D

dU
0

J
d_

I-V)
JW
U

i

D md ^Z J

O Ŵ
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