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INTRODUCTION

Why on Earth is man in space? The question is not
facetious. More and more people are legitimately ask-
ing it. Among those most concerned are those whose
responsibility it is to allocate the funds, to determine
objectives and schedules, and to plan space missions.
These judgments are vitally important to the National
Aeronautics and Space Administration, where the
question of man’s purpose and role in space is
fundamental to the agen ‘y’s functions.

The past 10 years have been directed primarily
toward the exploration of space and the development
of systems that can support man in this new realm. In
September 1969, a summary of long-range goals and
objectives suitable for NASA’s activities during the
1970°s and 1980's entitled, “*America’s Next Decades
in Space,” was published by NASA as a portion of a
seport for the President’s Space Task Group. As
noted in that document, the emphasis during the next
10 years in space may be expected to shift from
exploration to utilization.

The study discussed in this report, the Earth Orbital
Experiment Program and Requirements Study, was
undertaken to translate the objectives described in
the above mentioned NASA publication into specific
experimental and engineering requirements, The
purpose of this undertaking was to provide informa-
tion which can assist mission planners in solving the
difficult problems of apportioning limited resources
among an almost unlimited number of candidate
long-range projects under constraints that can be
expected to change from time to time. Prioritics
depend on changing political, economic, social, and
technological factors. Long-range planning is desir-
able, however. for the sound basis that it provides for
ensuring that fiscal commitments are met and that
required systems and components are available when
needed. The course should be charted, but in such a
way that modifications can be made along the way,
and so that the impact that these changes have on the
eventual accomplishments of the program can be
realistically assessed. The study described in this
report contributes to the information base required
for the formulation of long-range plans, for the
assessment of available choices, and for the examin-
ation of how these choices will affect the end result

and reflect the original intent. By so doing, the study
also contributes to the planning flexibility necessary
for revision of specific research activities as con-
straints and objectives change.

The results of this studv are available at a most
appropriate time. They are the logical result of an
incubation period that began with the first satellite
flights. The exploratory developments of the past
10 years in space stimulated serious, realistic con-
sideration of how best to utilize this new capability
to man’s advantage. The continuing growth of
knowledge about actual conditions—knowledge
collected through both manned and automated
flights—has amended, shaped, and further developed
that thinking. The advan-.ed concepts for utilizing
space that have resulted from that process have been
documented in this study. The time is therefore ripe
to reap the benefits of the first decade in space by
using the fruits of that period in the effective
planning of future missions.

This study delineates the substance of a compre-
hensive space research program to match the opror-
tunitics now present. It furnishes the key to the
benefits to be derived from space, It does not decide
what benefits should be pursued, or even which are
most desirable; but it does say that there are
benefits, it identifies the research required to pursue
them, and it tells how to do this research. It sets out
the specific elements for obtaining a substantial
return from the investment of time, effort, and
money.

BENEFITS TO BE DERIVED FROM SPACE

Economic benefits are already being accrued from
automated Earth orbital spacecraft. Communication
satellites are providing global networks at a substan-
tial saving over ground-based equipment, Meteor-
ology satellites are gathering cloud-cover data on a
global scale in support of improvements in the
accuracy and range of weather forecasts.

What other kind of benefits are available and what
research will uncover them? Managing his resources
has always been the key to man's progress, and



today it is becoming dramatically apparent on a
planet-wide scale that only the proper management of
resources, including control of pollution, can ensure
man’s continued survival on Earth.

A crucial requirement in the proper management of
Earth resources is a program to survey, inventory, and
monitor the distribution and abundance of the
world’s natural resources. The discipline of Earth
Observations offers techniques to permit man to
survey the resources of the globe. The field of remote
sensing  can provide a technological capabii'y to
determine the properties of materials by optical
rather than chemical analysis. Thus, man can locate
and inventory potentially valuable sources of mineral
wealth, range and timber resources, ocean fish,
agricultural crops, and snow, ice, and other sources of
fresh water. This knowledge can be put to work in
new and unusual ways. For example, glaciers and the
polar ice caps represent 75 percent of the Earth's
fresh water resources. Manned spacecraft can perform
rapid and frequent surveys of the arcal extent, depth,
and location of the continually changing glaciers and
ice fields and, by using microwave imagery (which
can penctrate cloud cover) and high-resolution
photography, can keep an inventory of fresh-water
resources. Relayed to Earth, this information will
facilitate more-effective utilization of available water
supplies.

Long-range planners are concerned with the rate of
consumption of fossil fuels and the depletion of
energy reserves. The identification of new energy
sources is critical to man’s long-term survival, One
potential source promising high yield is geothermal
energy. Natural hot springs in Iceland are used for
heating; and Boise, ldaho, has natural hot water
(170° F) available in an amount of one and a quarter
million gallons a day. To date, however, there has
been no really extensive use of geothermal energy,
partly because no comprehensive survey of potential
sources has been made. High-resolution photography
from a space rescarch facility can locate many such
regions, and when conventional photographic inter-
pretation is insufficient for geological understanding,
it can be supplemented by infrared thermal imagery.
It has been demonstrated that underground geo-
thermal sources can be made clearly evident by the
use of infrared photography augmented by artificial
color enhancement techniques, cven where the

to

difference in surface temperature is a scarcely notice-
able 1° C,

The spectra identified from space of the solar
radiation reflected from the oceans can be used as a
measure of chlorophyll concentration in the sea.
Inasmuch as chlorophyll is associated with living
plants (phytoplankton), development of this measur-
ing technique will lead to a better understanding of
the ecology of the oceans, from this to more accurate
descriptions of ocean-population  dynamics, and

ultimately to more effective prediction and control of

fish yield,

Besides offering potential for increasing the avail-
ability of natural resources, space research also
promises to be extremely valuable in the fight against
pollution. Pollution sources in the oceans, lakes,
rivers, and streams can be located, and dispersal
patterns can be charted and controlled. Pollution-
related research is discussed later in more specific
terms.

The need to communicate has been basic to man
since prehistoric times, and significant improvements
in global communications will provide immediate,
identifiable benefits to hundreds of millions of
people. Communication capabilities can be expanded
and can be used both in normal business and in
making important information developed in the
applied and basic sciences almost immediately avail-
able to those who require it. This capability is
important not only in the prediction of natural
disasters, such as floods, carthquakes, and forest fires,
but also in the rapid collection, analysis, and dissem-
ination of information that can be vital in predicting
crop yield and locating discased crops, and other
agricultural data.

Navigation and traffic-control systems incorporating
Earth orbital spacecraft appear to be the best solution
to the problem of controlling, air and space traffic.
Traffic control is required for vehicles, including
ocean vessels and aircraft, operating in the terrestrial
environment; vehicles orbiting the Earth: and space
vehicles in the launch or reentry phase that pass
through the zones of both the terrestrial and the
orbiting vehicles. Navigation and traffic control
systems that include spaceborne clements may also
prove to be the only feasible way to bridge the gaps

4,
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between the continental land masses in the efficient
control of transocean air traffic.

Immediate returns to medical seience may also be
expected from rescarch that may be undertaken
aitially in the interest of advancing our capability for
manned spaceflight. Many bone discases have their
origin in poorly understood aspects  of calcium
metabolism and control. These discases (e.g., osteo-
porosis and osteodystrophy) manifest themselves in
brittleness, fragility, and faulty development.
Decreases in bone density  accompanied by an
increase in urinary calcium have been observed in
association with previous manned spaceflights. This
subject is therefore a candidate for particular
emphasis in future research programs in orbit. The
information derived from such research, while
directly applicable to manned spacetlight problems, is
also expected to significantly increase our overall
understanding of the comwlexities of calcium metab-
olism and may well produce a major advancement in
the treatment of associated bone discases.

Another class of benefits underlies man’s welfare and
provides the structure of his understanding of himself
and his environment. These returns are derived from
the furtherance of basic science. The vractical app!li-
cation of any development of science for the suke of
science is not  always immediately evident. The
influence of such development is usually subtle and
often spread out over a long period. The two
principal sources of these long-term returns are most
likely to be the life sciences (Space Biology and Space
Medicine) and the physical sciences (Space Phsyics
and Space Astronomy).

The understanding of many basic life processes would
be markedly increased if the roles of gravity and
Earth-lunar periodicities in biotogical activities,
particularly at the cellular level, could be moie clearly
defined. Unfortunately, from the point of view of
experimental biology. these phenomena are always
present in the terrestrial environment and  conse-
quently are not susceptible to experimental manipula-
tion and control. It is only in the space cnvironment,
where biological organisms may be examined in the
absence of gravity and terrestrial cycles, that the
influence of these factors can be truly realized and
meaningfully measured.

Most biological forms that have been studied show
some type of rhythmic activities or cycles. The
frequencies may be diurnal, in harmony with the
terrestrial days and nights; circadian, repeating at
about 24-hour intervals: or tidal or lunar, associated
with 12.4- or 24.8-hour tides and showing monthly
highs and lows. Man himself exhibits obvious diurnal
temperature variations and more subtle viiriations
that may be associated with susceptibility to discase
and response to medication. The rhythms may be
endogenous or they may require terrestrial cues:
increased understanding must await extriterrestrial
study.

The experimental organisms that ave the subjects of
biological research may seem rather exotic, even
hizarre, to the layman. Such specimens as the fruit fly
(Drosophila  melanogaster), the fiddler crab (Uca
pugnax), the mouse dar cress (A rabidopsis), parasitic
wasps (Hubrabracon), and the like are usually quite
outside the scope of lay knowledge, and the relation-
ship and application of their biological processes to
man is consequently unappreciated. Species such as
these, however, may be selected as space research
subjects because they manifest some biological phe-
nomena in a manner that facilitates accarate experi-
mentation and because they lend themselves well to
the orbiting laboratory situation. Use of such speci-
mens is feasible because there is a remarkable unity
and constancy in the science of biology: a basic life
process wtentified in a plant or lower animal is usually
o apriicable to man as it is to the organism in which
it was studied.

Many of the phenomena suggested  for study in
weightlessness have a direct relationship to man's
immediate  terrestrial  needs an inereased under-
standing of growth phenomena applicable to more
precise nutritional requirements: {he possible aber-
rancies in cell division in space. appheable to cancer
researchy a greater comprehension of ihe role of
gravity in plant lignification, applicable to  the
development of stronger and more durable woods.
Others have a less obvious but no less importat
long-term application. Advancements in basic knowl-
edge are never wasted.

Although space medicine is directed primarily toward
maintaining the health and performance capabilities
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of spacecraflt crewmen, it will (by providing a better
understanding of man's physiological responses to
environmental stress and the improvements that can
be realized with appropriate countermeasures) have a
most direct and important application to man's
terrestrial problems,

Three other research areas that will provide long-term
benefits to man are Geodesy (Earth physics), Space
Physics, and Space Astronomy. Systematic coverage
of the Earth's land arcas by cloud-free photography
from space could produce a uniform series  of
geotectonic maps in a detail comparable to that of
the lunar-orbital coverage of the moon, These maps
would be of significant value to structural geology
and geophysics by contributing to a basic under-
standing of Earth dynamics. The monitoring of active
volcanoes is another activity that could be performed
from space that would add to man's basic under-
standing of Earth physics,

Space Physics has potentially great practical applicu-
tion. Resea ch in space not only permits study of the
physics of space, in the sense of understanding the
plasma sheath and the ionosphere, and their impact
upon our terrestrial home, but it offers unusual
opportunities for the development of physics. For
example, research on the effect of surface tension on
liquid behavior and other matters related to liquid-
vapor interfaces in zero gravity will not only provide
data needed for realistically  designing propulsion
systems and life support equipment for space applica-
tions but will also further ihe understanding of
material behavior in space. This field of research
could be particularly fruitful in its contribution to
the eventual menufacture of special materials and
extremely pure pharmaceuticals in space. Comparison
of Earth-grown crystals with those grown in orbit,
and other similar research, may result in the develop-
ment of materials with very special characteristics
that cannot be developed in the terrestrial environ-
ment.

Astronomy has, to date, been the most active
scientific endeavor in space, chiefly because astro-
nomical observations of many types can only be
made above or at least high in the atmosphere. The
list of space astronomy accomplishments during the
1960's is impressive; it includes discovery of discrete
X-ray sources and diffuse x-ray and gamma-ray

backgrounds, the first observations of ultraviolet
stellar spectra, detailed observations of the Sun’s
spectrum  from  the ultraviolet to the hard X-ray
region, high-resolution visible-wavelength imagery of
the Moon and Mars, detection of intense far-infrared
radiation from quasi-stellar radio sources (quasars)
and certain galaxies, the first measurements of the
diffuse low-frequency radio background of the sky
with adequate resolution to distinguish the galactic
halo and the galactic dise components, and detailed
low-frequency-radio observations of the solar Corona
and of Jupiter's trapped-electron belt,

During the 1970's, Space Astronomy progra.ns may be
expected to include more and better observations of
the types listed above, close-up (but stifll remote-
sensing) observations of Mercury and some of the
giant planets, and the first manned astronomical
observations  (Skylab), Traditionally, astronomers
have not tended to rely on practical results as a basis
for support, in spite of historical examples such as the
calendar, celestial navigation, the discovery of helium
in the Sun, and proof of the existence of sustained
thermo-nuclear energy generation by the stars a
process that has only been theoreti ally postulated on
Earth. Although it is difficult to predict the practical
applications of present or future astronomical inves-
tigations, one likely accomplishment is the devel-
opment of solar flare theory in detail adequate to
predict flare occurrences, thus warning space trav-
elers of the health hazard and alerting Earth-based
communications systems to anticipate increased noise
and possible blackouts of some frequencies. Another
possibility stemming from recent indications of
powerful non-nuclear energy sources in galaxies and
quasars involves the future harnessing of new energy
mechanisms for man's use. If these prospects materi-
alize, Space Astronomy observations will surely have
provided vital contributions to man's welfare,

Man has a vital role to play in the development of the
immediate and long-term benefits discussed above:
but to be able to continue to explore the possibilitics
of utilizing space, he must develop new and better
ways of functioning in space. Man himself, therefore,
becomes one of the subjects of study. The rescarch
identifiecd in the Manned Spaceflight  Capability
discipline will not only make it nossible to develop
equipment for life support systems and to aid man in
performing useful functions in space, but will provide

»



additional information on the interacting effects of
such  factors as  weightlessness, isolation, sensory
deprivation, boredom, monotony, restricted space,
lack of privacy, and other psychological elements of a
spacecralt environment. This kind of research will not
only develop corfidence that man will function
efficiently over the span of long-duration missions,
but will also provide design criteria directly useful in
terrestrial fucilities,

RESEARCH MISSION AND SPACE FACILITY
PLANNING REQUIREMENTS

This study began with six NASA-assigned disciplines
for research,® and through an organized overview
analysis of cach discipline, a total of 3,800 critical
issues were derived. The term “critical issue” is used
to denote especially important questions that are of
crucial interest to the expert and to which answers
are decisive in meeting a central objective within a
pertinent theoretical or practical setting. These
critical issues express the specific objectives required
to fulfill the overall objectives within the discipline
and are directly traceable to them. After sereening to
determine the applicability of the research required
by any critical issue to manned Earth-orbital
missions, the remaining critical issues (1,983 in
number) were grouped into 136 “research clusters”
on the basis of commonality of instrumentation and
measurements,

Translation of NASA-assigned disciplines into rele-
vant sets of rescarch activities for man in space,
however, is only one step in achieving NASA's gols,
In addition to the determining of what rescarch must
be performed and how it can best be performed, it is
also necessary to plan actual missions that will
accommodate the rescarch.

A number of vehicle concepts are currently available
to be used singly or in combination as space rescarch
faciiities. The configuration chosen for a particular
mission must offer characteristics that are suitable to
the desired mission. Some parameters that are neces-
sary in some disciplines have little or no effect in
others. For example. Space Astronomy (which uses
telescopes in space) is different from other disciplines
*Manned  Spaceflight Capability, Space Biology, Space Astronomy,

Space Physics, Communications and Navigation, and Earth Observa-
tions,

in that most of the rescarch is better suited to
free-flying modules that are periodically attended by
man than to a continuously manned facility, because
the presence of man may have adverse effects upon
the stability of the telescope and therefore upon the
measurements,

All research imposes certain requirements on both the
mission and the research facility. The mission profile
(altitude, inclination, pointing, duration), the volume
required to house equipment, the weight of equip-
ment carried, and the clectrical power required to run
the equipment are some of the more significant
parameters. The number of crew members required to
perform the planned research and the demands on
their time will be a function of many factors, such as
instrumentation, data management, type of research,
and the versatility and skill levels of the crew. Crew
size, in turn, will affect the configuration of the
facility and the necessity for life support systems,
Extravehicular activity, when required for some
resxarch, will likewise impose requirements on the
mission, and research that involves calendar events
(planetary activities or seasonal changes) will impose
requirements in terms of mission timing. All of these
parameters and many more interact with one another
to influence mission planning.

Detailed descriptions of the rescarch clusters were
developed to define configuration requirements for
space-research facilities, as well as for instrumentation
and installation layouts; crew activities. skills, and
schedules; duta-acquisition clements; and interface of
the spacecraft with the subsystems required to
support the research. A summary of each of the 1360
research clusters appears in the Appendix,

SUPPORTING TECHNOLOGY DEVELOPMENTS
REQUIRED

Certain research activities identified in the study
cannot be carried out with existing instrumentation
and techniques. For example, classical techniques for
microbial identification required in studying changes
in the number and kinds of microorganisms existing
in a closed spacecraft ecology are laborious and *ime
consuming. To limit the demands upon the astro-
naut's time to an acceptable level, automated tech-
niques need to be developed. As other examples,
observations of faint astronomical objects will depend



on development of a space-based system for acquisi-

tion of celestin’ targets; and the observation of

natural resources from Earth orbit will require the
continuing  «ovelopment  of instruments, such as
multispectral scanners and microwave radiometers,
that can distinguish among surface features or condi-
tions on the Earth. It is important that requirements
for supporting technology development (STD) such
as these be identified while a research program is in
its formative stages, so that the activities necessiry to
improve or institute advanced technology progrims
to satisfy these requirements may be started at the
most advantageous time. For this reason, the subject
of STD was made an integral part of the study.

Each of the 130 researchi cluster descriptions was
examined, to determine STD requirements. From
these requirements, specific activities studies, experi-
ments, or development programs  that will have to be
carried out to satisfy the requirements were named.
Studies  were indicated for many new, types of
research equipment arising out of .+ prospect for
research in the space environment, lor example, a
device capable of positioning or levitating molten
metallic samples in a test chamber under zero-g condi-
tions without distorting the surface geometry. Devel-
opments, on the other hand., are frequently required
in connection with instruments that have been used
in the terrestrial environment bu. need redesign for
zero-g, such as blood-cell counters and tissue proces-
sors. Experiments, whether in space or not, are typi-
cally called tor when specific physical information is
needed for the design and development of new types
of research apparatus. Sucn duvices as condensers and
liquid-gas phase separators suitable for operation in
zero-g are examples of equipment requiring experi-
mentation both in space and on Earth.

The STD activities were regrouped into STID work

packages. each representing a logical combination of

cither studies, experiments, or developments  in
support of the STD requirements. For example, the
studies identified from cach of three STD require-
ments refated to millimeter-wave research (MM-wave
experiment plan, broadband modulators, and high-
speed correlator) were combined into a single STD
work package. Analysis of these work packages pro-
vides the data required to commit resources in a
timely manner, and on any priority basis, for the

0o

development of operational capabilities in support of
long-range mission objectives. In this area, as in the
oth ., ie s of the study, traceability makes it possibje
o s e data in a meaningful way, and STD require-
ment. and work packages can be related to the overall
research objectives that they support.

RESULTS OF THE STUDY

This stuuy details the manned rescarch that can be
performed in orbit to achieve NASA's objectives for
the utilization of space for the good of mankind
during the next decade. Six disciplines have been
subjected to an overview analysis that resulted in the
identifying of 3,800 critical issues timely and impor-
tant research questions, OF these critical issues, 1,983
that were deemed suitable for near-term manned
space research were  grouped into 136 research
clusters in accordance with commonality of instru-
mentation and measurements. These clusters were
described at a devel of detail that identifies the
important aspects of the rescarch and establishes the
principal requirements that will be placed on the
missions in accomplishing the research and on the
space reseirch facilities for these missions. Summaries
of the space facility requirements and guidelines for
mission  planning  were  prepared. The supporting
technology  developments required 1o pursue  the
rescarch were identified and grouped into 233 work
packages. Critical issues, research  activities, and
supporting technology development requirements are
all directly traceable back to the overall objectives
within each of the six major disciplines.

The information derived in this study is a contribu-
tion to the formulation of a reference manual for
planners of - Earth-orbital research  activities, The
Study Final Report™ provides an overview of NASA s
orbital-rescarch program objectives in six disciplines,
with a continuous chain of traceable logic from the
overall objectives in each discipline to the detailed
descriptions of specific experimental activitios neces
sary to consummate the research program.

*Earth Orbital ¥ periment Program and Requirements Study  Iinal
Report, MDC G0680, McDonnell Douglas Astronautics Co., December
1970.




THE RESEARCH PROGRAM ELEMINTS

Previous programs have addressed individual aspects
of research planning, but the . irrent program was the
fisst to translate NASA's long-range objectives for
man in space into a series of related specific research
activities. Two major elements composed the research
program thus derived: (1) the critical issues, which
resulted from an overview analysis of assigned disci-
plines of scientific investigation and were an expres-
sion of the objectives in these disciplines, and (2) the
research clusters, which resulted from an analysis of
the critical issues and were an expression of the
spuce-related research activities required to satisfy the
objectives.

CRITICAL ISSUES FOR RESEARCH

NASA assigned six disciplines to the study team as
arcas for investigation: Manned Spaceflight Capa-
bility, Space Biology, Space Astronomy, Spice
Physics, Communications and Navigation, and Earth
Observations. These categories approximate  areas
readily identifiable with recognized broad lines of
scientific research activity, Within the discipline of
Manned  Spaceflight Capability, for example, are
biomedicine, behavioral research, man-machine
rescarch, life support and protective systems, engi-
neering  experiments, and operations experiments.
Earth Observations includes Earth physics, agriculture
and forestry, geography and artography, geology,
hydrology and water resources, oceanography and
marine resources, and meteorology. The approach to
reducing each category to a series of definable, man-
ageable packages of research activities was essentially
the same for all of the disciplines, although individual
disciplinary - characteristics in some cases required
differences in the details of the approach, The aim of
the analysis was to identify (1) the important things
to learn in each discipline during the next decade and
(2) the research activities that should be pursued on
manned space facilities in order to Iearn them.,

To understand the analytic procedure followed, it is
necessary  to recognize the way in which science
proceeds, and the inherent differences between
“basic™ and “applied™ rescarch. As illustrated in

Figure 1, *normal science” proceeds in a closed cycle
from observation to theory to observation and back
to theory, That is to say, the scientist observes certain
phenomena, thus developing “knowledge™ which in
turn, leads him to develop theories or an “under-
standing™ of the phenomena: he then applies this
understanding to a designed repetitive experiment or
series of observations. Either his understanding is
confirmed by the experiment, or the knowledge
gained from it modifies his understanding. The cycle
repeats itself, developing further detail or scope as it
goes. Occasionally, however, an observation is 80
grossly contradictory of theory that a crisis situation
develops and a revolutionary step is taken. It is at
times like these, suggests T, S. Kuhn,® that science
makes its most significant and dramatic forward
movements. Among the six disciplines addressed in
this study, those of Space Astronomy, Space Physics,
and Space Biology proceed generally in the manner of
“normal science.” On the other hand, the applied
sciences are concerned not only with theory and
observation but with the application and utilization
of knowledge. Typical of arcas that must concern
themselves with practical utilization are the disci-
plines of Earth Observations, Communications and
Navigation, and Manned Spaceflight Capability. In

GPACE AGTRONOMY]
CPAGE PHYDICD
GPAGE BIOLOOY

“NORMAL
GCIENCE

QBSERVATION
"KNOWLEDGE

THEORY
“"UNDERSTANDING*,

CRIGED AND
CCIENTIFIC
AEVOLUTION®

REVICED

PARADIGMS EARTH ODSERVATIONS

COMMUNICATIONS AND NAVIGATION
MANNED SPACEFLIGHT CAPADILITY

“PREDICT ON'

CAFTER 1.0, KUHN “THE STRUCTURE OF SCIENTIFIC REVOLUTIONS"
UNIV OF CHICAGO PRESE - 10062

Figure 1. Philosophy of Ressarch

*I.S. Kuhn, The Structure of Scientific Revolutions, Universaty of
Chicago Press, 1962,
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mplementing the analy ic: procedure. then. 1t Wiy
recogmized that somewhat ditferent approaches were
equired i cach area, and this was reflected in the
manner e which each of the sihobjectives  was
treated in what was termed an Coverview ™ analy sis,

Fhe method developed for dividing cach disciphine
mnto - performable research actvities was called an
overview sumalysis because it did indeed provide an
overview of the entire discipline. An overall objective
wis adentitied for cach diseipline s a series of Questions
Was then posed, and the answers constituted sub-
objectives. Figures 2 through 7 show the first fevel of
categorization of the organized oven ews for cach of
the siv disaiplines. Fach subobjective was addressed
by another series ol questions, which in turn, detined
further subobjectives at the next devel of detail, Ihe
PIocess was continued until a fevel was reached ot
which it was appropriate 1o pursue experanental
means for answering the questions posed. A question
at that Tevel was called o critical issue. Figure 8 shows
the flow ot this analy sis i one hine of mquiry in the
Farth Observitions discipline (re., hydrology). From
the overall hydrology rescarch objective, a series of
questions fed to developing an understanding, dmong
other things, of the effects ol pollution on the
UHIZAtON of waler resources and the identification
of such eritical issues as e eftect of chemical and
brological  pollutants  on resources, the effect of
stream: flow and wastes on coastal wiaters, and the
creect of saline intrusions on estuaries. These ilustrie
tons also suggest the traceability  afforded by the
overview analysis, traccability that makes it possibic
toadentity critical issues with the overall objectives 1o
which they relate, and 1o trace o major objective
down 1o the research ACBVIties that must be accom-
plished. This traceability is one of the most impor{ant
aspects ol the study. and it contributes significantly
to the planning of research missions that will sitisfy
NASAN long-range objectives for NV N spuiee.

During this analytical derivation procedure, sciuting
of the literature. personal discussions with recognized
authorities in the various ficlds. and discussions by
members of the study team with colleagues who were
not directly involved in the program  helped 1o
validate the issues. This procedure made possible the
derivation of o comprehensive and authoritative set of
tmely research questions traceable to original objee-
Lves. As a result of these overview analyses, a totl of
3800 critical issues were derived.

To determine whether these 3,800 CrHal issues were
albsuited for study by man i | arth orbit. new insight
Wi required into the value of manned arth-orbial
researche and accordingly . the criteal sues had to be
sereened. Three criteria were chosen dgnst wiigh
every eritical issue was measured Lo remain i subject
for study ., a critical issue had 1o require rescarch that
could not be suceestully pertormed on Farth bug was
suited to the Farth orbaal cosironment (b gure 9y,
had 1o be an area of study o wineh man's Prosency
would contribute signtticantly to the conduct of the
rescarch (hagare 10); and it had to be u research
problem that was not already o subject oy study in
anongomg or fumly planned Program  Most ol the
critical issues chminated were dropyed for the st
reason mapphicability 1o Farth orbial research | he
largest block rejected tor other reasons Was g group of
T2 eriticarl issues in the Manned Spacethight Capabahty
diseiphne that will be sitishied by Sky Lab CApen
ments. The overall result of chechmg cach crtieal
ISUC against these three criterta was the seduction ot
the origimal 3.800 critical sues, 1o LIN that weie
comsidered  suitable for further vorsideration i the
study .

RESEARCH CLUSTL RS

Analyzing six disciplines to dentify 1983 critical
Issucs merely indicated the research activity required
it did not delimeate the Wiy Lo perform i, 1owas
apparent that certain ty pes of research problems
could be solved by the same or similar mstruments,
The critical issues were therefore surveyed o deter
mine where these commonalities existed: they were
then grouped according to commonality of instry-
ments and measurements, This process resulted in
130 such groupings, which were called “research
clusters,™

Fhe 130 rescarch clusters were examined in detail to
describe the functional ynd operational characteristios
of the associated experimental activitios, his descrip-
tve  process tramslated seientific rescareh require-
ments into engineering requirements - terms of g
seven-part format that leads logically from scientific
isstes to the engineering details required to answer
these issues, This format included  the Tollowing
information:

Lo General characteristios ol the rescarch cluster
rescarch objectives and aapermmental method
ology .
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Figure 4, Organized Overview - Space Astronomy
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2o Parameters 1o be measured: physical, tem-
porial, and spatiad characteristics.

I Measurement  techniques: physies of  the
measurement, mstrumentation  techniques,
and potential sources of error,

40 Sequence of activities: preparations, openi-
Hon of cquipment, montonng, and assess-
ment of results,

Soonstrtuments required: type of  instrument.
wneral specifications, and tunctional descrip-
tion.

0. Support required from the orbital facility
volume and payload, clectnical power, struce-
tural support, logisties, environment control
and hife support, propulsion and stabilization
requirements, and crewsskill and manpower
tevels.

oo Data requitements: type ol data produced,
rate of data production, time allowable until
data e put to use, and charactenstios of
clectrnical data channels,

Fhe Appending continns summanes of all of the
rescarch clusters The more detarled  (seven-part)
description of each cluster may be found in the Study
Fimal Report (see Pretace). These deseriptions aare
detimttive and functional portratts of cach research
cluster, and address the Kinds of problems broadly
discussed i the following paragraphs,
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Manned Spaceflight Capabaity

As i research arca, Manned Spaceflight Capability
contiiny the studies necessary 1o quality man and his
equipment for extended spacetlight. 1 includes inves
tgation of biomedical and behavioral tolerances (o
the stresses of spacetlight, deternunation of man’'s
capabilities and hmitations in performing usetul work
mospace, venfication of design data, and evaluation of
operational manned spacetlight procedures.

For purposes of this study, the disciphine was divided
into sin research categories: biomedicime, behavioral
research, man-nuchine  rescarch, hife support and
protection  systems,  engineering  experiments, and
operations experiments. Resciarch in these areas was
cventially  grouped into a total of 42 rescarch
custers. Knowledge of how aan reacts in space will
be mvaluable in helping to develop an understanding
of the basic mture of Ins responses that will be
readily applicable i any envivonment. It will uncover
new relationships between man and the machines he
uses and will help to develop aids to enhance his
perfornianee i wsing them, The research into lite
support amnd protective systems has apphication to
waste nunagement, water manageimen, sl proces-
sing o space, and simlar problems on v arth, Fogr-
necnng experiments will contribute to the design of
advanced data management, power, control, naviga-
ton and guidance, and communications subsystems
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for manned space vehicles. Operations experiments
will vahdate operational procedures developed and
arid tested i ground simulations.

Space Biotogy

Fo respond 1o NASA S long-range objectives in the
Neld of Space Biology, three distinet arcas were
examined: Life processes, axonomy of lite torms, and
envitonmental tactors. The five peneral hfe-process
vategonies o metabolism, CRergelios, responses o
stimub, reproduction, and ontzation were further
defined o more detanled levels,  Fanonomy  was
divided mto the phylogenctie groupings under plants,
probosty, and ammals. he effect of cnvironment on
e processes is readily observable, and sinee weight-
lessness s the most unque charactenstic of the space
cnviomment  (heswdes being the one that  most
obviously affects Iving onganisms), it was considered
the prime mdependent vanable o be applicd in the
analysis of this discipline.

Fxperiments in Space Riology were prouped undei
four major research arcas cortesponding to major
tanonomical divisions suggested tor study in space:
vertebrates, invertebrates, protists and tissue cultures,
andd plants. FPhis grouping wans selected because of the
commonality ot cquipment and fechmques used in

the experiments in any of the divisions and because it
respods (o the necessity for exantiming hite functions
n a vanety of Iving organisms (o ensure that
spectiic: phenomenon s really a basic process com-
mor fo many iological forms, For each tanonomival
division, a prehounary, mtermediate, and advanced
research phase was describyed Expenments i the
prehmmary phase are mtended primanily (o detine
and desenibe changes in gravity-dependent phenom-
e and terrestenl ehy thme; those m the intermediate
phase are intended 1o determine the components of
the change and the various processes involved; and
those in the advanced phase are mtended to study the
basic ological  mechanisins responsible for  the
change.

Many of the suggested experiments are enpected to
INCrease our undenstinding of questions that have
been meonpletely answered over nny decades of
biological research. Consider for example, the pepper
plants that orbited the Farth m Biosatelhite 11 Nor
mally o the deaves and petioles of healthy pepper
phints grow horizontally, relative 1o the Farth's
sarfaces that s, o (he side, relative (o the plant’s
stem T space, howeser, they curved downward on
the pepper plants until the feal” tips almost touched
the stem. This phenomenon, known as Tepinasty
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had been suspected because of clinostat (weight-
lessness simulation) experiments on the ground, but
experiments in the actual space cnvironment were
required to confirm the suspicions.  Similarly, the
roots of wheat seedlings grew in a random directional
pattern in space rather than in the highly restricted
pattern recognized on Earth, This research was one of
the most significant milestones in more  than
I50 years of experiments on the role of gravity in
plant growth, Fxperiments performed on Earth sinee
the flight of Biosatellite 1 have shown that wh. ., .he
plants are preconditioned to total darkness and rrown
in the dark.on the clinostat, they fail to respond w i,
epinastic curvatures. It appears, therefore, that light
and weightlessness compete for a common functional
element in the plant, This functional element is now
believed to be the plant hormone auxin (indole-3-
acetic acid). The mechanisms by which this hormone
controls the plant’s response is still not known and
renains the subject of intensive study,

The flight of Biosatelite 11 also demonstrated that
frait fly  (Drosophila  melanogaster)  larvae were
disturbed by weightlessness, and abnormal chrom-
osome triansters occurred i dividing cells. The fre-
quency of this phenomenon is not seen in similar
larvae produced and grown on Earth, Because of the
Biosatellite experiments, it is now believed that
radiation and weightlessness have a synergistic effect
in regard to chromosome damage. Results of similar
experiments with other forms of life indicate that
synergism is most noticeable in the young, rapidly
dividing cells. These kinds of questions, basic to
biology itself, can be answered only by rescarch in
the space environment. The pioneering mission of
Biosatellite H was (by design and necessity) resteicted
to the investigation of simple phenomena. Conse-
quently, o minimum number of critical issues were
examined. By pursuing the rescarch clusters in Space
Biology. divergent types of research can be combined
for optimum data gain.

Space Astronomy

For near-term Farth-orbital astronomy, the full-time
involvelment of man is not required: as larger instru-
ments evolve, however, nanned activity will contri-
bute more vitally in this discipline. The benefits of
man'’s presence accrue primarily from his ability to
evaluate instrument performance (permitting rapid
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response to equipment maltunction) and to exchinge
sccondary instrument packages. However, negative
factors are also associated with man's presence when
Farth-orbital astronomical  observations  are being
made. These factors are related to contamination of
observations caused by spacecraft effluents and dis-
turbances of instruments caused by crew motion. It
wis with these gross assessments in mind that the
research for Space Astronomy  was analyzed. The
rescarch clusters fall into three categories: optical,*
x-ray, and low-frequency radio. One valuable research
area would be an extremely sensitive sky survey of
X-riy sources using a large-area detector array, and
high-resolution imagery of strong  discrete  x-ray
sources, using o large grazing-incidence telescope. The
first program would reveal niy more sources than
any predecessor survey revealed, increasing chances of
optical counterpart identification. and the second
would improve  knowledge of the structure and
physical nature of individual scurces. Another major
arca of research would be extragalactic studices using
large optical telescopes, feading to an increase in the
ange of accurate galaxy distance determinations, an
improved cosmological model, and better knowledge
of the physicii properties  of quasi-stellar  radio
sources and galaxy nuclet.

Space Physics

The essential view of researeh in this discipline was
that of using space plattorms 1o assess the charicter-
istics o the orbital environment and to utilize these
cnvironmental factors in conducting research in the
setting of a physics laboratory. Several areas we e
omitted from the research clusters in Space Physices,
because although they would normally be included in
a comprehensive study of physics, they have cither
been researched satistactorily in terrestrial labora-
tories or they are covered by other disciplines,
notally astronomy, meteorology, and Farth physics.

The research clusters were developed in three general
laboratory areas: physics and chemistry laboratory,
plasma physics laboratory, and cosmic-ray laboratory.
Within the concept of 3 physics and chemistry
laboratory, the effect of zero-g on such phenomena as
liquid-vapor interfaces and on the production of
materials having superior physical characteristics is an

*Refers to wavelengths ranging from 900 A 1o a few microns.
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important area for study. Understanding these phe-
nomena is basic to the possibility of producing, in
spice, materials that could not be produced on Farth
but may have a wide range of applications.

In cosmic-ray physics, very little is known about the
abundance and nature of cosmic rays that are of
interstellar origin. The objectives of the cosmic-ray
research clusters are to study properties of primary
cosmic radiation in the 100 (o 10'S clectron-volt
energy range and to utilize the primary COSIMIC-Tily
energies that are available in space tor interaction
physics experiments, The envisaged cosmic-ray labor-
atory will contain basic instruments for the measure-
ment and identification of cosmiv particles at various
energy levels and will be capable of being recontig-
ured as required to meet the needs of different
experiments,

In the field of plasma physics, a primary requirement
is 1o study the spatial extent of the region of
perturbation that results from the introduction of
any obsect into the space plasma. Perturbation caused
by the rescarch fucility may handicap or preclude
long-term study of environmental characteristics (8.,
clectron density and temperature, ion teamperature
and species, and electric and magnetic fields over the
facility orbit). Also, plasma physics measurenments
have some characteristics that are unique with respect
to the remainder of the rescarch program derived in
the study. This is the only arca in which the local
environment o the space rescarch facility will be
simpled. Rescarch and measurements are not being
performed i the facility but vather from the facility
and i the medium. Thus, plasma measurements
depend critically on the orbital parameters, and.,
indeed, completely different sets of rescarch activities
can be defined for different sets of orbits,

Communications and Navigation

Unlike many disciplines in which increasing man’s
scientific understanding s the objective, Communica-
tions and Navigation is primarily  concerned  with
providing new or expanded user services, For com-
munications, the development of advinced  space
systenis constitutes anextension ol existing capa-
bilities in providing customer services. The area of
navigation involves position locations, surveillance.
and control of high-speed transportation vehicles, as

well as communications. The relation of rese reh in
this discipline to research in other disciplines is most
casily explained by the need for data. Whatever the
rescarch and whatever the measurement, the end
result s data, and the management of that data is
vitally affected by Communications and Navigation
capabilities. The research clusters for this discipline
are grouped into five arcas: noise: propagation; test
facilities for the deployment, calibration, demonstra-
tion, and testing of equipment in space: communica-
tions systems; and navigation systems,

Farth Observations

Fhe discipline of Farth Observations was approached
in seven areas, In Farth physics, the fiest, the research
clusters are concerned with geodetic surveys, photo-
graphic coverage of the Farth, and the identification
ot such phenomena as voleanic activity, One of the
objectives in the second area agriculture., forestry,
and range resources s that of gathering data of
higher quality, containing more information. and
costing less money than the data used presently by
the United States Department of Agriculture. These
data are primarily photographs used extensively by
agriculturists to classify, map, and measure vegetin-
tion. soils, and fand use. Rescarchers have evidence to
stggest that accurate yvield predictions can be based
on this Kind of information; and discase and insect
infestation of crops and soils, as well as areas of wr
and warer pollution, can be locited. Research con-
cerned with forestry and range condition calls for
collection of data on species, vigor, and yielt of
nmanaged and unmanaged  forest, range, and  wild
Linds. Objectives tor the third area, peography and
ciartography . involve questions about the Farth's
surface (the answers o which will facilitate regional
planning studies), the effective use of resources, and
transportation activities, among others. In the ficld of
neology,  the  fourth  area,  disaster  avoidanee,
location of mineral and oil deposits, disposal of
waste  products, and  use of  peothermal  energy
sources for heating and  power are among  the
items  that receive particalar emphasis. The fif'th
arca, hydrology and witer resources, has a number
of arcas of rescarch that have immediate practical
application,  the  most  prominent  of  which s
probably the identification of pollution. Several
rescarch - clusters address the problem, not only
from the necessary  point of view of how and
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where supplies of fresh water are being wasted,
but also from the more pnsitive one of locating
underground sources of fresh water and inven-
torying snow, ice, major lakes, and Feservoirs.
Rescarch in  the sixth  area, oceanography  and
marine  resources, also concerns itself with iden-
ification of pollution, and secks information that
will be of great benefit in the understanding of
ocean population  dynamics and fish resources s
well as in developing  greater understanding of
ocein  motions, Meteorology, the seventh area of
Earth  Observations research,  concerns  jtself
primarily with developing an understanding of the
physics of the atmosphere, weather prediction, and
establishment of o basis for weather modification
and climate control,

SUPPORTING Tk NUNOLOGY DI

Tech nology developments to support  planned
research must be identified carly enough for them 1o
be available when needed for a particular mission or
rescarch program. The forecasting of future techno-
logical capabilities and requirements, therefore, way
an essential part of this study. Specitic requirements
for supporting technology development (STD) were
identificd  whenever future requirements did not
appear to be satisfied by present technology.

STD REQUIREMENTS DERIVED FROM
RESEARCH CLUSTERS

Each research cluster description was analyzed by g
member of the study team knowledgeable in the
involved discipline.  Whenever technology  require-
ments in the cluster appeared to the analyst to exceed
the known technology, he established o candidate
STD requirement, When all such candidate require-
ments for a cluster had been compiled, the analyst
consulted  with the discipline specialist who had
derived the cluster, to identify any additional candj-
date STD requirements considered relevant by the
discipline specialist, and to ensure & consensus as to
which candidates were valid STD requirements. An
STD Requirement Description form was then filled
out for cach valid requirement. For the entire study,
238 STD requirements were identificd: the descrip-
tion forms appear in the Study Final Report (see

14

TRACEABILITY OF RESEARCH CLUSTERS

The traceability  concept initiated in the overview
analysis  and applicable to the resulting  critical
issues is carried one step further in the grouping of
critical issues into research clusters. The faet that, in
the study Final Report (see Preface), anv research
activity can be traced to the objectives (o which it
relates and, conversely, any objective can be traced to
the research activities that it generates, facilitates the
assessment of the effect of inclusion or deletion of
research activities, The ability to make this assess-
ment, by seeing directly what the overall effect would
be, assists in the establishment of priorities at any
level, it also enables a planner to make the mosi
beneficial allocation of research effort in response to
these priorities.

VELOPMENT R EQUIREMENTS

Preface), and summary data on the entire group are
presented in Table 1,

On the STD Requirements Description form, the
technology Baps are described by indicating the
needed technology and the present level of tech-
nology with respect to that need. The research
clusters 1o which cach STD requirement s relevant
are noted on the forms, so that the traceability estab-
lished in the overview analysis and carried through
the critical issues and the research clusters is extended
to include the STD requirements,

Implementation of the various STD requirements s
anticipated by means of activitics ranging from
theoretical studices and rescarch o development of
cquipment or instruments. Most of the experimental
work can be accompiished on the ground, although
some of it must be performed in the Earth orbit
environment in order to obtain the daty necessary (o
satisty specific development requirements, On ecach
STD Requirement Description form, therefore, one
or more activities necessary to implement the ST
requirement gre identificd under one of four
headings: studies, experiments in Space, experiments
not in space, and developments. The programmatic
aspects of cach STD requirement are addressed in the
description form by indicating (1) whether the STD
requirement s judged to be critical or nierely
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important to the related reseirch: () other STD
requirements derived in the study, or known from
ongoing activities with which the activities indicated
for STD requirement conld be integrated; (3) any
promising  development  approaches known to the
study  team; (4) special facilitios required; (5) the
estimated time and cost to achieve the required
advancement; and (0) an estimate of the confidence
that the desired advancement can be achieved, Trends
observed in each study discipline are discussed in the
following paragraphs.

Manned Spaceflight Capability

Fifty-three STD requirements were identified in the
Manned Spaceflight Capability discipline. Of these,
40 were derived from the four areas related to space
medicine:  biomedicine,  behavioral research, man-
machine rescarch, and life support and protective
systems.  Key items include the need for orbital
facilities to support the animal research program in
biomedicine, performance aids  to support  man-
machine rescarch, and techniques and instruments for
gathering crew-behavioral data on a noninterference
basis to  determine group dynamics and personal
adjustment in the space environment.,

The rescarch clusters derived £ om the enginecring-
experiment and operations-experiment areas of this
discipline underscore the necessity for considering
not merely an STD requirement that answers the
specific needs of an individual cluster, but also for
considering such a requirement i the broader
context of the entire study. For eximple, one
operations-experiments research cluster (1-OF-3) has
@ specific STD requirement (OE-1 in Table 1) for g
study to define extravehicular-activity (FVA) tech-
niques for assembling large antennas in spitee. Since
many problems concerning FVA  have yet to be
solved, however, the deseription form for this STD
requirement recommends an FVA study that is much
broader in scope than that necessary merely tor the
research cluster in question.

Space Biology

Of the 21 STD requirements identified for Space
Biology, only two (automated microbial identifica-
tion system B-14, and advanced plethysmograph B19)
identity  cquipment or techniques  that are not

presently available for ground-based rescarch, and
therefore require an advancement in current tech-
nology rather than a redesign for zero gravity. Seven
of the remaining STD requirements are associated
with equipment presently available for ground use,
but whose functions involve gravity «dependent fhid-
flow characteristios and would consequently require
redesign for zero-gravity use. Similarly, five of the
requirements are associated with cquipment whose
functions invoive gravity-dependent mass effects and
require. modification on that basis. The remaining
requirements are  distributed among  studies to
redefine laboratory equipment that in its present
form would have an unfavorable effect on the space
rescarch facility, and studies to define procedures and
techniques,

A high degree of commonality exists across the
Aarious Space Biology rescarch clusters in regird to
STD requirements. Twelve requirements relate 1o
more than one rescarch cluster: of these, six fulfinl
needs from all research areas. Vertebrite research
requirements are the most specialized and include six
that relate to single research clusters. Protist and
tissue culture rescarch have three unique require-
ments, and plant research and invertebrate research
have none.

Space Astronomy

Thirteen primary technology  requirements  were
identified for Space Astronomy. The development of
high-resotution optical telescopes for use in space will
require many technological innovations,  The
assembly and alignment of arge ditfraction-limited
telescopes in high orbits (possibly synchronous) will
require some generally  exotic coneepts even  for
feasibility assessment (A-S). Such studies are impera-
tive, not only because they affect any mission using
this instrument but because they may affect the
design of the instrument itself, Advancements in
technology of Space Astronomy include such items as
information-storage  systems. spectrographic  equip-
ment, photometric devices, photographic films, and
clectronic sensors, Among the least-addressed subjecty
in Space Astronomy are target acquisition (A-10 and
A-13) and the development of a practical celestial-
coordinate reference system. The majority of Space
Astronomy research cannot be effective without such
a standardized reference system. Photographic tilin
will tlikely play a very important role in  this
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Table | (Page | of 7)

SUPPORTING TECHNOLOGY DEVELOPMENT REQUIREMENTS

Estimated
STD Critical or Types of Confidence Times to
Requirement Important ST In Achieving Achieve
No. STD Requirement Title To Rescarch  Activitios® Advancement  (Months)
Manned Spaceflight Capability
BM.1 Body Fluid Analysis 1 S High 24
BM-2 Non-luvasive Central Venous Pressure l S Low M
Measurement
BM-3 Animal Toxiocological Chamber C D High 24
BM-4 Manned Orbital Animal Research Facility C D High 3o
BM.$ Radiation Source C S High 12
BM-0 Space Thermal Enclosure C NE High 12
BM-7 Sensitive Quantitative Evaluation of Reflex 1 NE High 12
Functions
BM-8 Endoradiosonde 1 NE High 12
BM.9 Animal Sensors ¢ SD High 24
BM-10 Animal Modules C D High 3o
BM.11 Body Volumeter C D Moderate 12
BM-12 Measurement of Transpulmanory Pressure | D High 2
BR-1 Hearing I NE High 12
BR.2 Audio Tone Source 1 D High 2
BR-3 Psychomotor Tests in Simulated Zero-G ] NE High 12
BR-4 Cognitive Measurement Test Maodule | D High 30
BR.5 Automated Behavior Data From Video and | SNED High 3o
Audio Records
BR-6 Verbal Behavior Assessment Program C NE.D High 24
3R-7 Hazardous Complex Tasks i SNE High 2
BR.8 Training Problems and Equipment l S.NE,D High 24
MM-1 Display /Control Computer Capability C D High 3o
MM.2 Display /Control Experimental Apparatus C D High 24
MM.3 Dark Adaption Equipment and Techniques i SENE High 18
MM-4 Portable Metabolic Analyser ¢ D High 3o
MM.5§ Onbody Accelerometer C D High 3o
MM.-o Habitability Experiment Support Package C NE.D High 3o
MM.7 Emergency Reaction Time From Sleep C NE High 24
MM.-8 Equipment for Steep Experiments C D High 12
MM.9 Performance Aids C NE,D High 00
LS-1 Multipurpose Fluid Physics Apparatus C SDh High b2
LS-2 Zero-G Condenser C SENED High 30
LS-3 Catalyst Bed Poisons [ D High 12
LS4 Negative Pressure Device I NE.D High 12
LS-5 Zero-G Phase Separator C SE,NED High 4
LS.6 Automatic Potability Measure C SD High 00
*Activities: S Studies  SI Experiments in Space  NE Experiments Not in Space D - Developments

l6
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Table 1 (Page 20f7)
SUPPORTING TECHNOLOGY DEVELOPMENT REQUIREMENTS

Estimated
STD Critical or Types of Confidence Times to
Requirement Important STD In Achieving Achieve
No. STD Requirement Title To Research  Activities*  Advancement  (Months)
LS.7 Low-Flow Metering Device | D High 24
LS-8 Separation of Effluent Gases From Electrolyte c NED High 30
LS9 Edentification of Contaminants in Electroly sis C SNED High 24
Products
18-10 Evaluation of Hydrogenomonas Eutropha ¢ D High 12
Reaction Chamber
LS-11 Integration of Hydrogenomonas Eutropha ¢ D High hZ |
System Components
LS-12 Development of CO; Removal Methods ¢ D High 24
1S-13 Boiling and Condensing Steam C NE.D High b2}
1.S-14 Waste Management Systems ¢ D High 2
LS-1§ Microbial Detection and Suppression ¢ SNED High o0 120
LS-16 Systems Integration of Sensors | D High 24
1.S-17 Waste Management System Concepts i S High 12
tL-1 Biowaste Electrical Propulsion ¢ S.NED High 30
[ E Biowaste Resistojets C SNED High 21
FE-3 Biowaste Resistojet VA C S.NE High 012
Fi-4 Laser Ranging System C SD High 30
EE-S Landmark Tracker System ¢ sSD High 18 24
k-0 Long-Range Optical Communications C SD High 3o
OE-1 Assembly Techniques Study C S,NE High I8
Space Biology
B-1 Amino Acid Analy zer C SSED High 48
B.-2 -180"C Tissue Freeser ¢ D High 12 24
B-2 Zero-G Animal Cages C D High 12 24
B-4 Animal Biocentrifuge C¢ D Moderate 60
B.5 Surgical Procedures ¢ SSE High 12
B-6 Zero-G Autoclave C D High 12
B-7 Zero-G Ineubator C D High 12
B-8 Tissue Processor i D High 12 24
B-0 Activity Platform | SD High 12 24
B-10 Visual Cliff 1 S High 12 24
B-11 Animal Maze I S.b High 3o
B-12 Bunsen Burner Substitute i N High 6
B-13 Liquid Handling C SSENE High 24 3o
B-14 Automated Microbial ldentification i D High 00
B-15 Zero-G Homogenizer C D High 12
B-16 Dialysis Equipment C D High 12
B-17 Blood Celi Counter l D High 12 24
B-18 Fluid Electrolyte Analyzer C D High 12 4



Table 1 (Page 3 of 7)

SUPPORTING TECHNOLOGY DEVELOPMENT REQUIREMENTS

Estimated
STD Critical or Types of Confidence Times to
Requirement Important STD In Achieving  Achieve
No. STD Requirement Title To Research  Activities® Advancement (Months)
B-19 Advanced Plethysmograph | D High 6-12
B-20 Small Particle Mass Measurement C SSENED  Moderate 36--60
B-21 Equipment Analysis and Integration l S High 12-24
Space Astronomy
Al High-Resolution Optical Systems C SSENED Low 120
A2 Electronic Image Intensifiers (Steltar C SD Moderate 12
Astronomy)
A3 Telescope Operation In Space C S.NE Maderate 12--24
A4 Orbit-To-Orbit Shuttle Requirements | S High 12
A-§ Assembly and Alignment of High-Resolution C S.SENE Low 38
Telescope In Space
A-6 Developments for Use of High-Resolution C SNE Mouderate 12-18
Telescope
A.7 Development of Use of Photographic Film for c SSED Moderate 23
Space Astronomy
A.8 High-Resolution Optical Telescopes C SSENED  Low 120
A9 Electronic hmage Intensifiers (Planetary I SD Moderate 9
Astronomy)
A-10 Acquisition of Celestial Targets C SNED Moderate 24
A-11 High-Precision Stellar Photometry c SNED Moderate 18- 36
A-12 Cooling of Solar Astronomy Telescopes ¢ SNED Moderate 30
A-13 Acquisition and Tracking of Solur Targets ¢ SSENEDD  Moderate 39
Space Physics
P-1 Mass Spectrometer 1 S High 12
p.2 Gas Chromatograph | S High 12
P.3 Pyrometer C D High 12
P-4 Apparatus for Liquid/ Vapor Studies C SD High 24
P.5 Low-G Accelerometer C S.SE High 24
P-o Low-G Isolation Mounts C S.SENE High 12
P-7 Crystal Growing Apparatus C SD High 18
P-8 Zone Refining Apparatus C 8 High 6
P-9 Production of Hard Vacuums C SSE High 24
P-10 Contamination by Physics Apparatus i SNE High 18
P-11 Melting Apparatus C SD High 24
P.12 Sample Centering Device | S High 6
P-13 Film Drawing Experiments C SE High 18
P-14 Optimum Material Heating 1 S High 9
P-15 Cosmic Ray Experiment Package C SD High 33

18



Table 1 (Page 4 0f 7)

SUPPORTING TECHNOLOGY DEVELOPMENT REQUIREMENTS

Estimated
STD Critical or Types of Confidence Times to
Requirement Importamt STD In Achieving Achieve
No. STD Requirement Title To Research  Activiiies®  Advancement  (Months)
P16 Laser Holography | S High 12
p.17 Contaminant-Proof EC&LS System & SNED Moderate 48
P18 Heat Transfer Chamber ¢ D High 12
P19 Superconducting Magnets 1 S High 12
.20 Integrated Physics Apparatus 1 S High 18
P21 Wicking Apparatus C D High 12
P22 G-Level Control C SD Moderate 30
P-23 Heat Transfer Apparatus C D High 24
P24 Apparatus for Controlled Density Material C SD High 3o
Study
P.2§ Film Video Tape Trade Study | S High 12
P26 Onboard Film Processing I D Moderate 4
P.27 Transition Radiation Detector I SNNED Moderate 3o
P.28 Superconducting Materials l S\NE Moderate 30
p.29 Cryogenic Systems C SSENE High 24
P.30 Plasma Physics Subsatellites C Sb High 48
P31 DC Electric Field Measurements 1 SNED Moderate Jo
P32 Plasma Diagnosiics Techniques I S High 9
P.33 Barium Cloud Apparatus C D High 30
P34 Intense Electron Sources 1 SSED High 24
P-35 Rescarch in Plasma Physics C SSE High 60
P-36 Apparatus for Superfluidity Tests c SD High 30
P37 Dewar Viewport Studies ¢ SD High 9
P.38 Cryogenic Remote Handling C S.NE High 12
P39 Supcefnid Research C S High 3o
Communications and Navigation
C. 94-GHz Amplitude and Phase Measurement ¢ D Moderate 3o
System
Cc2 MM-Wave Experiment Plan C S High 12
C.3 MM-Wave Experiment Package C D High 24
C4 Broadband Modulators C SDh High 3
C.5 High-Speed Correlator | S,.D High 24
C-o Laser Telescope Alignment | SSEDD High 84
C.7 Improved Satellite Tracking i SDb Moderate 30
C8 Subsatellite for Navigation ¢ D High 3o
C.9 Transponders for Navigation Satellites | D High 24
C-10 Data Processing Software C s.b High 3o
C.11 Satellite Position Determination 1 S High 12
C-12 Laser Radar Development c D High 24
C-13 Autonomous Navigation Sensors C D High 36
C-14 Improved Position Determination i SD High 3o

19



Table 1§ (Poge S 0f 7)

SUPPORTING TECHNOLOGY DEVELOPMENT REQUIREMENTS

Estimated
STD Critical or Types of Confidence Times to
Requirement Impnrtant STD In Achieving Achieve
No, STD Requirement Title To Research  Activities®  Advancement  (Months)
C-15 Software Development for Autonomous ¢ sD Moderate 2 )
Navigation
C-to Subsatellites for Suveillance ¢ D High 3o
.17 Transponders for Surveillanee Systems | b High 24
C-18 Traffic Control Computer Software | 5D Moderate 3o
C.19 Collision Avoidance Hardware ¢ 5D High 27
C.20 Emergency Location Signal Detectors | D High 12
.21 Software Development for Location Methods | S.D High bz
.22 Low Noise Receivers ¢ S.D Moderate 39
C.23 Computer Software for Nose Measurements I sD High 3¢
.24 Noise Source tdentification Plan ¢ ] High 12
.28 Digital lonosonde | D High 12
C-20 Higher Efficiency RF Transmitters I 5D High 43
¢.27 High Power RF Transmitters C D Moderate 24
C.28 Computer Software for Propagation Experiments i S.D High I8
C.20 Sclf-Steering Phased Array Antenna 1 SNLED High 3o
¢-30 Optical Communications System C SD High 48
Earth Observations
EF-1 Vegetation Species Signature ¢ SE.NE High 3o
tF.2 Soil Series Signature C SENE Moderate 30
EFE-3 Crop Yield Signature I SENE High 30
G-I Quantification of Volcanic Morphology ¢ NE High 12
EG-2 Multispectral Signature of Rocks ¢ NE High 12
FG-3 Multispectral Signature of Rock ind Soil Ty pes ¢ NE High 12
G4 Waste Flow Pattern Determination ¢ NE High 24
EG-S§ Multispectral Signature - Waste Storage Sites C NE High 36
LG-o Laser Interferometer Relay System ¢ NED High 12 60
tG-7 Multspectral Signature of Geothermal Sources C NE High 12
FG-8 Foutier Transform Analysis of Landforms | NE High 12
FG-9 Thermal Sensimg of Seamotnts I NE High 12
tH-1 Water Pollution Identification Technigues ¢ NE Moderate 24
EH-2 Snow/lce Depth Measurement Techniques | NE Moderate 12
FH-3 Model of Snow/lce Depth Signature | S Moderate o
EH-4 Soil Moisture Measurement Techniques ¢ NE Moderate 12
EQ-| Ocean Pollution Identification Techniques C Nt Moderate 4
FO-2 Ocean Pollution Model ¢ S Moderate 24
FO-3 Heat Flow Measarement Techniques C NE Moderate 12
10-4 Sea Surface Heating Model 1 S High 12
LO-5 Chlorophyll Concentration Model | S Moderate 12
EQ-0 Ocean Population Measurement Techniques C NI Moderate 12

20



Table | (Page 6 0f 7)
SUPPORTING TECHNOLOGY DEVELOPMENT REQUIREMENTS

Estimoted

STD Criticalor  Typoes of Confidence Times to

Requirement lmportant STD In Achieving Achleve

No, STD Requirement Title To Rescarch  Activities®  Advancement  (Months)
£0-7 Fish-ChiorophyH Correlation Model | S Moderate 12
EO-8 Radar Determination Sea Height | S Moderate 4
E09 Ocean Current/Height Model C S Moderate 12
EO-10 ler Distribution Model | S Moderate 24
EO-11 Ocean Salinity Meastrement Techniques ! NE Moderate 12
kO-12 Ocean Physical Properties Model ¢ SNE Moderate 24
£O-13 Ocean Depth Model ¢ SNE Low 24
£0-14 Boundary Processes Measurement Technigues i NE Moderate 24
tO-18 Sea Surface Roughness Measurement Technigues c NE High 24
EO-to Sca Surface Roughness Model I S Moderate 24
FO-17 Active/Passive Microwave Radiometry 1 NE High 24
EM.1 Atmospheric Boundary Laver Model ¢ S Moderate 24
EM-2 Atmospheric Effects by Surface Alterations l S.NE Moderate 24
EM-3 Sferies Data Interpretation | NE Moderate 3o
EM-4 Stettar Scintillation Effects | Sk Moderate 24
iM-5 Atmosphene Density Applications i S High 12
EM.0 Atmospheric Density by Dual Spacecraft [ SE Moderate 3o
EM.7 Zero-G Cloud Physics Laboratory ¢ SD High 3o
EM-8 Acrosol Proplet Handling | SE High 0
EM-9 Cloud Physics Experiment Priority I S High 12
EM-10 Cloud Physics Laboratory, Related Uses | S High 12
EM-11 Coherent Radiation  Pollution Detection | NE Moderate 12
iM-12 Atmosphere Pollution Signature Analysis ¢ NE Moderate 48
EM-13 Atmosphere Model of Pollution Effects ¢ S High 24
EM.14 Tropical Cloud Systems Model ¢ NE High 18
El-1 Twin Metric Camera C D High 24
El-2 Multispectral Camera C D High 24
Ef.3 Ten-Band Multispectral Scanner C D High 3o
El-4 Side-Looking Radar Imager ¢ D High 48
ELS UV-Visible Absorption Spectrometer C NED Moderate 24
El-o Multi-Channel Ocean Color Sensor ¢ D High 18
kL7 Radar Altimeter/Scatterometer C D High 9
El-8 Microwave Scanner Radiometer C D Moderate 60
EL.9 UHF Sferics Detector ¢ D High 24
K10 Data Collection System C D High 3o
El-11 Star TracKing Telescope C D High 31
El-12 Zero-G Cloud Physics Chamber C D High 48
El-13 Photo-lmaging Camera C D High 30

Li-14 Infrared Interferometer Spectrometer C D Moderate 24 30
El-1S Multispectral Tracking Telescope C D Moderate 48
El-10 Infrared Selective Chopper Radiometer C D High 30
El7 Infrared Filter Wedge Spectrometer ¢ D High 24



Table | (Page 70f7)
SUPPORTING TECHNGLOGY DEVELOPMENT REQUIREMENTS

Estimated
STD Critical or Types of Confidence Times to
Requircient Important STDh In Achieving Achieve
No. STD Requirement Title To Rescarch  Activities®  Advancement (Months)
k118 Infrared Temperature Sounder C D Moderate 24
Ei-10 Satellite Infrared Spectrometer ¢ D Moderate 12 24
El.20 Temperature Profile Radiometer ¢ D Moderate 40
k-2 Visible Wavelength Polarimeter ¢ D Moderate Jo
¥l1-22 Ultraviolet Imager/Spectrometer ¢ D Moderate 48
t1.23 Laser Altimeter ¢ SENED High 48
ES-1 Ground Data Processing Center ¢ D High Jo
ES.2 Automatic Data Transmission System l SDh High 48
ES-3 Space Radiation Effects on Films | SENE High 4
ES-4 Temperature-Humdity Effects on Films 1 NE High 9
ES-S Photographic Film Storage Vault ¢ D High 12
ES-0 EVA lnstrument Maintenance | SSENE High 7
FS.7 EVA Antenna Deployment | SSENE High 7
ES-8 Earth Observations Crew Operations | S.SENE High 10
Fs-9 Photo-Processing System ¢ SD High I8 o
F8-10 Photo-interpretation System ¢ S.D High 22
ES-11 Spacecraft Effluent Effects | SSENF High 27 42
ES-12 Remote Data Degradation Fifects l NE High 12

discipline. About 60 percent of the observadons in
the ultraviolet und x-ray regions require Schumann-
type film, which must be processed wet in sero
gravity. a problem that hias not yet been seriously
addressed (A-7).

Space Physics

A total of 39 STD requirements were identitied for
Space Physics, consisting largely of new instruments
and apparatus. However, some of the STD require-
ments are concerned  with the interaction  of
instrinaentation  with the space environment. For
example, i device is required to measure de electric
ficlds as low as T mv/m (P-31). This is a major devel-

opment requirement in o itself, but the effects of

contact potentials and plasma coupling that arise
from the space environment complicate the problem.
Another example is the utilization of the hard
vacuum ol space in materials research at zero-g.
Studies and research in space are required for the
evaluation of alternative concepts to overcome the
problem of insufficient vacuum in the immediate

vicinity of" the research facility due 10 the effluent
cload around it (P-9), Fffluents emitted from various
vehicle configurations must be measured, and the
diffusion rates and electric-charge effects must be
determined theoretically.

Communications and Navigation

The user-oriented nature of Communications and
Navigation is reflected in the 30 STD requirements
that were identified in this discipline; most call tor
development of specialized communication hardware
or for systems studies related to such development
Development of a4 94-GHz amplitude and  phase
measurement system (C-1), for example, is required
for millimeter-wave  experiments  becatse  present
instruments are limited to IS GHz tor automatic
systems. This requirement involves improvement in g
current system as does the STD requirement on
autonomouns navigation sensors (C-13), which calls for
improvements in star trackers, radar, and particularh
in kindmark trackers.



Earth Observations

Analysis of the 34 research clusters in Earth Observa-
tions led to the identification of 82 STD require-
ments. The general problem of processing the wealth
of data obtainable by an orbital observation system
and disseminating this inforraation to user agencies in
a usable form and within acceptable time constraints
is probably the most imposing problem to be
mastered before an operational system can become
effective. Included in this problem is the determin-
ation of the amount of data to be processed in orbit
for direct communicatior .o users. An example of the
implications of STD requirements is the need for
spectral signature analysis of images of oceans, rivers,
and lakes (e.g., EH-1, EO-1), to provide near-real-time
identification and measurement of water-pollution
sources.

ANALYSIS OF STD REQUIREMENTS

Figure 11 summarizes by discipline the percentage of
studies, nonspace experinents, space experiments,
and development activities identified. 1t may be
noted that almost one-tenth of the activities (32 out
of 371) are experiments in space. Table 2 lists the
STD requirements that give rise to these 32 activities
and shows their distribution over the six disciplines of
the study. These activities are especially pertinent for
consideration as the nucleus of a spaceborne
advanced technology research facility.

Many examples can be cited from Table 2 of the value
of space experimentation in achieving supporting
technology developments. A definitive understanding
of the degree to which man can function in zero-g in
the deployment and operation of sensors and in the
processing, interpretation, and dissemination ¢f data
is necessary for detailed instrument and support equip-
ment design. The effect of the spacecraft environ-
ment on photographic film must be defined, partic-
ularly with regatd to natural radiation. Data on
radiation effects as well as on the effects of temper-
ature and humidity during storage must be put into
terms of image interpretability and information
return tou the experimenter.

Spacecraft effluent effects are another area of
potentially major influence on the success of many
rescarch activities in space. The cloud of particulate

debris and gasses that may result from thrustor
operations and waste dumps, as well as the electro-
magnetic interference caused by spacecraft equip-
ment operation, can severely degrade the quality of
measurements. The spatial extent, dynamic character-
istics, and physical constitutents of the near space-
craft region must be defined explicitly enough to
enable subsequent rescarck activities to be planned
with assucance,

Knowledge of the limits of man’s performance in
extravehicular sctivities is essential in formulating
plans to use him to erect, adjust, and monitor such
equipment as antennas mounted outside the space-
craft, and this should be explored through space
experimentation. Liquid handling-the transfer, mix-
ing, agitation, and removal of bubbles from liquids in
zero-gravity conditions- is another important area for
which techniques should be developed. Similarly,
animal tissues will require techniques for removing,
separating, evaluating, and handling in the space envi-
ronment. A better understanding of interactions of
internal and external disturbances on optical instru-
ments must be achieved, so that designs can accom-
modate these interactions. Storage and transfer of
cryogenics in zero-g conditions are essential to the
completion of sophisticated measurement programs,
and techniques for these processes should be explored
in space. Laser altimetry, aligning of laser telescopes,
technology for measuring space plasma and the
masses of small particles, recognition of agricultural
spectral signatures from space, and stellar scintillation
effects are other areas that should be investigated in
space to contribute to tire implementation of more-
comprehensive research programs.

37t ACTIVITIES DERIVED
STUDIES FROM 238 5TD
= | REQUIREMENTS

SPACE EXPERIMENTS

BPACE

SPACE 7
D ASTRONOMY 4 BIOLOGY [
MANNED EARTH COMMUNICATIONS SPACE
SPACEFLIGHT CBSERVATIONS  B\N AND NAVIGATION PHYSICS
CAPABILITY

Figure 11, Distribution of Supporting Technology
Development Activities
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' Table 2
| STD SPACE EXPERIMENT DISTRIBUTION
/ STD Requirements
Manned
y Spaceflight  Space Space Space  Communications Earth
L STD Wosk Packages Capability  Biology  Astronomy  Physies  and Navigation  Observations
! Man’s Pastictpation in Farth Orbital MM.3 A-5 P50 ES-0,-7,-8
Operations
Optical Istrument Design Factors Al 13 P50
[ Fiftuent Fitects A-1.8 P9 ES-11
' Ciyogenic Systems Al -8 P20
Photographic System Technology AT ES-3
Flaid Vapor Expenments I8-2..8
Liquid Handling Technigues B-13
) Amino Acid Analyzen B-1
| Zero Gravity Surgical Procedutes B.S
' Smadl Particle Mass Measwiement B-20
Technology
Moitten Film Diawing and Woirkig P13
Technolopy
Space Plasoa Measarement P-34 .35
Technology
Easer Telescope Ahgnment C-0
Agniculture Signatures From Space S T IR
Stellan Saintillation Fetects EM-d
Atmosphene Density Characteristios FM-0
Acrosol Droplet Handhng 'M-8
Laser Altimeter System EL-23
Number of Space Fxpetiments
(Total 32) 3 4 S 7 1 k2

PROGRAMMATIC APPLICATION OF SUPPORTING  work package il the results derived from one activity

THECHNOLOGY DEVELOPMENYT were judged 1o influence inother. Activities of a given
type that appeared appropriate tor a single contracted
Fo examine the programmatic aspects of aecom-  effort were also grouped into single work package,

plishing STD requirements,  the individual STD Many of these STD work packages actually involved
activities (Table D) owere grouped into logical, only one STD activity and hence only one STD
cohesive work packages, some of which are shown in requirement from Fable 1. Others included as many
Fable 20 STD activities of “he same type Gi.e., studies, as 12STD activities. The total number of STD work
CAPCTHNCNLS N Space, expuriments not in o spaee, or packages was fairly ¢lose to the number of STD
developments) were grouped together into the same requirements and  the number of STD  activities.
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Summarizing these statistics, there were 238 STD
requirements, 371 ST activities, and 233 STD work
puckages,

Two types of STD work packages from each of the

SIX - disciplines were chosen for use as examples of

how the STD data can be applied to actual planning
of an STD program. Table 3 identivies the work
packages chosen for this purpose. For cach work
package, the start time of cach constitutent STD
activity was determined, giving first consideration to
the degree of dependence of that STD activity on
such ongoing or potential NASA programs as Skylab
and Space Station. Of secondary importance were the
schedules of these programs and the experiments they
support. Third in importance was the dependence off
the STD activities upon the results of other STD
activities in the work package. Based on these three
factors, the start times were ordueied and, considering
the durations estimated for cach activity, a sample
schedule was made, and a funding curve was drawn
using the cost estimates from the STD Requirements

Description forms. Figure 12 shows the example
program and presents the annual funding required
to support these activities.

The example shown in Figure 12 should be viewed in
terms of the limited analysis that it represents. It does
not represent the only way to apply STD data to
programming, but it does illustrate one way to use
the information and one way to analyze the problem
of scheduling. Although it was only an example, the
schedule that was developed revealed some important
facts about STD requirements: they impact carly in
relition to known programs, beginning with Skylab;
they depend upon results from these programs; and
they extend far into the future,

When more STD work packages are considered and
when all the data are further analyzed. the example
shown may well undergo change. Nevertheless, it
demonstrates that STD programs can be used to help
structure near-term NASA programs. The immediacy
of the influence of these STD requirements, as

Table 3

STD WORK PACKAGES CHOSEN FOR PROGRAMMING EXAMPLE

Study Discipline

Work Packages
3

Studies

Space Experiments

Manned Spaceflight
Capability

Space Biology

Space Asttonomy

Space Physics

Communications and
Navigation

Earth Observations

Potability and
Microbial Detection
(1.S-0,-15)

Methods of Handling
Liquids in Zero-g
(B-13)

Logistics and Control
of Telescopes in

Space (A4, .S, -6)

Plasma Physics
Research (P-31,
32, .34, -35)

Millimeter-Wave
Research (C-2, -4, .8)

Model of Qcean
Dynamics
(FO-2,.5,.8, 9,
12,413, 410)

Fluid-Vapor
Experiments
(18-2,-5)

Small Particle
Mass Measure-
ment (B-20)

Assembly and
Deployment of
Space Telescopes
(A-1,-5,-8)

Low-g Measurement
and Isolation Tests
(s, -0)

Laser Telescope
Alignment (C-0)

Laser Altimeter
(E1-23)
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demonstrated by the example, strongly indicates that
this arca should be considercd for emphasis in the

immediate future, for without the inclusion of

supporting technology developments in the planning
of research for the next decade in space, the program
returns will undoubtedly suffer,

MISSION AND SPACE FACILITY PLANNING REQUIREMENTS

During the last decade, missions were planned to get
mian into space. Onboard experimental equipment
often went along incidentally, simply because both i
and the space were available. Such missions had a
pliace in the past, but the aggregate of more than
10 years of experience in space has developed more-
sophisticated ways of approaching mission planning,
and the achievements in space  during the next
10 years will depend largely on how effectively this
sophistication is utilized.,

Operating in space has become a sulficiently feasible
undertaking that a planner generally has a variety of
systems from which to choose, Programs for manned
space research now in various stages of development
include the Skylab, shuttle-and-module systems, and
space stations in various configurations. Skylab, an
orbiting laboratory, will sustain (hree periods of
occupancy by 3-man crews for a total of 140 days
over a span of approximately 8 months, Earth-to-
orbit shuttle systems with cither free-flying or
shuttle-supported experiment modules will provide
broad rescarch capabilities. For the 1980 and
beyond, space stations supporting 12-man crews for
extended periods, and large permanent space facilities
(known as the space base) capable of housing as many
as S0 men have been under study. With the wide
range of options that these programs offer (although
methods  for planning  missions are still in their
formative stages), it is already clear that for rescarch
missions  to achicve maximum clfectiveness, the
requirements of the missions must shape the facilities,
rather than vice versa.

For space research missions to shape the space
rescarch facilities, the parameters that govern mission
planning must be thoroughly understood. One of the
advantages offered by research conducted by man, as
contrasted  with purely automated rescarch, is the
possibility of simultancously realizing 2 variety of
related research objectives instead of pursuing a single
experiment, as is usually the case with automated

missions. This was emphasized during the current
study, which uncovered numerous opportunitics in
which rescarchers in different disciplines could profit
from the same or similar measurements, Thus, while
all critical issues addressed in a given research cluster
share, by definition, certain commonalities, it has
been shown that other research clusters may also
participate in this commonality. The missions of the
next decade must be designed to fulfill research needs
to as great an extent as possible, and at the same time
to have the flexibility to change in response to the
stimulus of new objectives that will develop as data
are acquired. That being the case, the succeessful
mission may be defined as the one that accomplishes
the maximum amount of research with the minimum
amount of investment,

The principal justification for rescarch is to expand
knowledge. The means by which this is done imposes
certain requirements on the mission itself and on the
space research facility. The nature of these require-
ments varies with the research activity, but many
activities impose the same or similar requirements,
The detailed information contained in the rescarch
cluster descriptions was  therefore analyzed  to
identify rescarch activities with compatible require-
ments,

The requirements placed on the mission iand on the
space rescarch facility by any planned research
activity are, in general. both operational and cngi-
neering in nature. The operational aspects concern
parameters of the space environment in which the
facility will operate. The engineering requirements
concern the interface between the facility and the
subsystems that support the research, man-machine
relationships, and data acquisition and management,

REQUIREMENTS RELATED TO THE SPACE
ENVIRONMENT

The major parameters to be considered in regard to
the space environment are orbital altitude.
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inclination, spacecraft pointing orientation, pointing
aecuracy, and duration,

Orbital Altitude

Research activities for which orbital altitude consider-
ations are important fall into two categories, those
activities  that should be performed in orbit at
synenronous altitude or higher, and research that has
to be performed in low Earth orbits, Analysis of this
information from the 136 rescarch clusters reveals
that there are no specific requirements for orbits of
intermediate altitudes and that 83 rescarch clusters
are insensitive 1o orbit altitude, Manned Spaceflight
Capability and Space  Biology investigations are
essentially independent of orbital parameters, exeept
as the orbit parameters influence the natura) radiation
exXposure or impose logistical problems, Space
Astronomy observations involving faint sourees or
high-resolution spectroscopy  may require  synch-
ronous altitudes due to requirements for long expo-
sure times. Some Space Physics investigations also
Pose special problems regarding orbit selection. In
Earth Observations. the remnte sensing requirements,
allowable sy n-turget  geometry, spacecraft-target
geometry, and temporal and seasonal requirements
represent  orbit selection factors to consider, The
orbit altitudes that fulfill most of the requirements of
this discipline, however, lie in the 200- to 250-nmi
range. Communications ang Navigation experiments,
in certain cases involving ground-site observations,
require low orbital altitudes similar 1o those required
by Earth Observations.

Altitude affects not only resolution and ground swuth
width, but also, together with inclination, the number
of times the spacecraft passes over g particular arca,
The three barameters to consider in selecting an
altitude  for any given  research activity, then, are
resolution, swath width, uand ground-track repeat-
ability. Table 4 groups the various research clusters in
accordance with altitude requirements,

Orbit Inclination

Most requirements for a particular orbit inclination
are imposed by research that involves viewing i
certain ground site, surface feature, surface areu, or
portion of the celestial sphere. For Earpy Observy-
tions, the ground turget of highest latitude defines the
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minimum adequate inclination, Other factors that
must be considered include the look-angles and the
angular - ficlds-of-view of the sensors making the
measurements,

A large number of truth sites and target locations are
to be found in the Earth Observations research
clusters. These turgets can be separated into two
categories: truth sites, which are involved in feas-
ibility demonstration in which the sensor signal must
be correlated with observations made from aircraft
and from ground level » and sites that are observed in
an operational (dam-guthering) situation rather than
in an instrumcnl~devclopmcn( mode. In an analysis of
the research clusters, 84 truth sites were identified,
including existing instrumented field laboratories and
projected requirements for new sites, as defined by
principal investigators. Although these 84 sites are
not all that would be necessary to accomplish the
objectives for this discipline, the sample is large
enough to permit the forming of conclusions about
the latitude distribution of truth sites. To cover all
the truth sites from low Earth orbit, inclinations up
to polar are required. Analysis shows, however, that if
an inclination of §§ degrees were selected, 75 of the
84 truth sites, or approximately 90 pereent, would be
visible from low orbit. Although 50 percent of the
rescarch clusters in Earg)y Observations require an
inclination of at Jeust 70 degrees, these operational
requirements are noti mandatory in yj) cases, as
evideneed by several clusters (c.g. 6-H-1) wlhiere uccess
to ground sites with latitudes of 60 to 70 degrees s
desired but Iatitudes of 55 degrees are aceeptable.,
Table § lists the inclination requirements for research
clusters where the inclination is critical. For this
study, inclinations are defined as Jow (below
30 degrees), medium (30 to 55 degrees) and high
(above S5 degrees). While many rescarch and develop-
ment activities can be accomplished at Jower inclina-
tions, it can be expected that jong-term, opcerationally
oriented data-gathering systems will require incling-
tions approaching 90 degrees. Figure 13 compares
these requirements g missions shift from research to
operational modes

Pointing Orientation and Accuracy
The space facility may be required to point toward

Earth or toward space, depending on the rescarch
activity, Some research activities impose strict Jimits
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Table 4
ALTITUDE REQUIREMENTS FOR RESEARCH CLUSTERS
Synchronous or Higher Low Earth Orbit (<300 nmi)
1-EE-4% 1-EE2,4 o0-EP-1, .2
3LF 3-08 0-A/F-1 through -5
4.pp.2 3-XR 6-G/C-1
5p.2 S5:N-1,:2 6-G-1 through -§
5P.1,:3,4 6-H-1 through -7
TOTAL: 4 5-NS-1,.3.4 0-0-1 through -7
0-M-1,-2..3..5,:6
While not a mandatory
requirement, 3-08 and
3-0W would favor
these altitudes TOTAL: 44
NOTE:  Clusters not listed either have no altitude requirements or these requirements are yet

to be identified.

*Translunar or interplanetary

TThe index code numbers *1-EE-4", “3-LF”, et al., designate specific research clusters. More descriptive
titles of these research clusters may be found in Table 6 and in the Appendix.

Table §
INCLINATION REQUIREMENTS FOR RESEARCH CLUSTERS

Low (<30%) Medium (30" < i < §57) High (>§5")
4.pp.2 SN2 0-G-1 through 6-G-§ 4.PP-4
5-p-2 S-P1,-3 O-H-1,-2,-3,-5,:0,-7 5-N-|

SNS4, -5, -0 0-0-1 through 6-0.7 o-H-4
6-EP-1, .2 O0-M-1,.2,.3,.5,.0
0-A/F-1 through 6-A/F-§
0-G/C-1
NOTE:  Inclination requirements are associated with these research clusters. The remaining clusters have

no specific inclination requirements, or they are yet to be identified.

on the rescarch facility’s pointing orientation and
accuracy.  The details of such  requirements are
discussed  below under Guidance, Navigation, and
Control, because the impact of these requirements
makes itseli” felt in that arca of subsystem interfuce,
Figure 14 summarizes the pointing and rate require-
ments for the various rescarch clusters,

Duration of Mission

Many rescarch activities in Earth Observations and
Space Astronomy, because of their viewing require-
ments, must be accommodated on long-term mis-
sions, Rescarch in Space Physics on the behavior of
liquid-gas interface phenomena in zero gravity, for
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example, may require shorter periods of time in
space. The duration of (he mission, insolar as research
requirements e concrrned, is primarily a function of
data acquisition and s mostly involved with the
choice of the vehicle for the mission.

REQUIREMENTS RELATED TO FACILITY
INTERFACE WITH SUBSYSTEMS

Before the problem of determing how a spacecraft
will interface with subsystems required to support
planned  rescarch can be addressed, a number of
factors must be available for study. The configuration
of the spacecraflt must be at least loosely defined
although this is not possible until the onboard instru-
mentation requirements have been determined. An
instrumentation matrix was, therefore, prepared for
cach discipline, and from these matrices a summary
was prepared to show which instruments can be used
in common by rescarch activities in all of the disci-
plines. It was then possible to consider the space
vehicle subsystems to determine how the subsystems
required to support a specific research activity would
affect spacecraft sizing and how they could be
integra*od with the spacecraft. The volume the sub-
systems would  occupy. the power they  would
require, and the weight they would add to the
rescarch facility had to be determined before these
parameters could be meaningfully considered.

Each rescarch cluster description was examined for
requirements having major influence on  the
resources of the host spacecraft, An interface sum-
mary chart (Table o) identifies cach rescarch cluster
and its requirements in terms of 12 important items.
The data thus developed were used to determine
requirements imposed by rescarch activities on cach
of the subsystems individually. The individual
requirements deal specifically with the subsystems for
electrical  power; environmental control; guidance,
navigation, and control of the spacecraft; propulsion;
logisties: and data acquisition.

Electrical Power Subsystem

From the daa in Table 6 cach rescarch cluster
was - reviewee  for  average  and peak  power
demands, and g summary  of  average  power
required for all instrumentation in cach research
cluster was prepared.
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Electrical power requirements for most of the
Manned  Spaceflight Capability research are gen-
crally below an average of 500 watts, with most
averages being iess than 200 watts, The peak power
demands are usually less than 1 kw and of short
duration. Inclusion of a manned centrifuge onboard
(required by two clusters in this discipline) means
that the electrical subsystem must supply a high-
torque starting power of about 5.3 kw for about
I 'minute, or proportionally less for fonger starting
periods, and an operating power of about 200 watts,
In some research for Space Biology. which generally
makes moderate demands on the electrical power
supply (average demand between 80 and 600 watts),
the use of a smaller centrifuge for animals may mean
i peak power requirement as high as 2.5 kw.

The five optical-region clusters in Space Astronomy
use common equipment, and average loads vary up to
1100 watts  with  peak  demands  as high s
1,920 watts. Less electrical power is required for the
x-ray and low-frequency-radio clusters in this disci-
pline. Most rescarch activitics for Space Astronomy
will be conducted in an autonomous vehicle, and
provisions must therefore be made for self-contained
power supplices.

For Space Physics, the research clusters exhibit
average  power demands from about 50 watts to
10 kw, with peaks ranging from 200 watts to 20 kw.
Special power-source provisions will be necessary for
the 20-kw peak power required for high-temperature
and high-pressure  processing. These requirements
could call for the shutdown of all other rescarch and
even absorb the several kilowatts of power intended
for housckeeping loads. However, these power
requirements are predicated on an active cooling
system for the superconducting magnet required by
the cosmic-ray laboratory. A substantial reduction in
power demand could result if use was made of passive
techniques  that relied on a logistic resupply  of
cryogens,

Communications and Navigation rescarch clusters
have no special clectrical power requirements, their
average being from 25 to 800 watts with peaks up to
2 kw.

In the area of Earth Observations, it was found
possible to accommodate the applicable research
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objectives without placing unusual requirements on
the electric power subsystem.

Environmental Control Subsystem

Most of the clectrical energy demanded by individual
instruments will be converted to thermal energy that
will have to be dissipated at a rate sufficient to keep
the cquipment within safe operating temperature
limits (Figure 15), which represents a eooling load on
the environmental subsystem. An estimate of this
load is included in the projection of electrical power
requirements, so that the electrical power data
discussed above will reflect the probable cooling load
presented to the environmental control system when
the duty cycle of the equipment is factored in.

1400
HIGH TEMPERATURE MATERIALS
PROCEGSING REGION
9 1300}
E 8 A, —J.«
- -~
3w SPACECAAFT AMDIENT I
g g 2004 AEGION
o«
/
§ % 20}~ / /
3w CRYOGENIC
g 1op- / REGION /
0 vz v, Wé //
0 100% 0 100% 0 100% 0 100% 0 100% 0 100%
PERCENT OF RESEARCH CLUSTERS IN DISCIPLINE
COMMUN-
EARTH SLCATIONS MANNED
0BSER- AND NAVI= BPACE BPACE SPACE SPACEFLIGHY
VATIONS LATION PHYSICE ASTHONOMY 8i010GY CAPABILITY

Figure 156, Distribution of Operating Temperatures
of Research Cluster Equipment

The onboard apparatus must be protected from
outside sources of contamination, and hazardous
experiments must be isolated from other elements of
the spacecraft. The biological materials and chemical
reagents used in the Manned Spaceflight Capability
and Space Biology disciplines and the materials used
in the physics and chemistry laboratory investigations
represent two  groups of potential contaminants
whose presence onboard imposes requirements on the
environmental control subsystem.

Guidance, Navigation, and Control Subsystem

Three types of requirements are generally imposed on
the guidance, navigation, and control subsystem. The
first concerns acceleration. Some research requires
that extremely low acceleration levels be maintained
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for extended periods of time (100 g for hours). The
ambient acceleration level on a nominally 2810
spave research facility approaches 10 g, Disturbances
normally - present include gravity gradient torques,
aerodynamic drag, reaction-control-system thrustor
firing, logistics vehicle docking, crew motion, and
control-moment-gyroscope  torques,  During  experi-
ments requiring low acceleration levels, sensitivity is
such that crew motion must be limited to console
operation and similar duties. Sustained gravity levels
of 10% appear possible with passive or active devices
o attenuate crew motion and other short-period
disturbances. Sustained gravity levels of fess than 100
do not presently appear feasible for manned space
rescarch tactlities,

The second type of requirement for this subsysten is
derived from the need, in Farth-oriented rescarch, for
determing ground-site position. Most Earth Observa-
tions research has  groundssite  position  accuracy
requirements of 3,000 and 6,000 teet, and several
have requirements down to 1,500, or 500, or ¢ven
100 feet as shown in Figure 1o, which summarizes
these requirements and indicates the capabilities of
various systems to fultill them.

The third set of requirements  imposed on the
guidance, navigation, and control subsystem is that of
pointing  stabilization. The requirements for tele-
SCOPCS are S0 stringent inosome Space Astronomy

research that conventional attitude sensors cannot
provide the necessary aceuracy, and the experiment
sensor must provide its own attitude information (for
example, the 3-meter diffraction-limited telescope
with attitude-sensing capabilities, for rescarch cluster
3-OW). There are experiments (hign-precision pho-
tometry, for instance), where viewing is through i
diaphragm subtending an angle as small as 1 are-
second, For  these  cases, acquisition  becomes o
significant problem for which techniques must be
developed. The simple approach of rigidly attaching
the telescope o an experiment module or space
vehicle and providing attitude control with control
moment gyroscopes is rendered impractical in most
cases by the disturbances acting on the module, such
as solar panel rotation, fans, and camera shutters.
Since the amplitude and frequency of such internal
disturbances are not well defined, the question of
pointing stability for this type of telescope must
undergo move study.

Propulsion Subsystem

Two areas of potential effect on the propulsion
subsystem are identificd within the reaction control
system: they arve thrust limitations due to acceleration
constraints, and plume contamination effects. Space
Physics requirements will be imposed on the reaction
control syster o fimit accelerations 1o levels ranging
from 10™ t. 10™ g, and EFarth Observations and

. UL1IMATE CURRENT
CONTINUO
CAPAUILITIES aHous AUTONOMOUS AUTONOMOUS
s G NAVIGATION NAVIGATION
SYBTEMS SYSTEMS
GAN Y2 3
sunet,
GAF G BG1. 2 3 4.0 8 bCS2 BN,
G012 GH2 3 4.6 6 GH1,GME
RESEARCH 407 SER BEP 2 6N 2
REQUIREMENTS A/ 4 MINIMUM S S
806
0 AIF 4 MAXIMUM
L B 2NN | L ! y N
0 1,000 2.000 1000 4,000 6000 6.000 7,000 12,000

SO GROUND SITE POSITION DETERMINATION ACCURACY (FT)

Figure 16. Ground Site Position Determination Roquiraments and Limitations
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Space Astronomy experiments can be degraded if

effluents contaminate sensors or optical surfaces or
interfere with transmission of radiation in the vicinity
of the camera or telescope. Manned Spaceflight
Capability investigations do not impose any specific
restrictions on the reaction control system. In Space
Biology, many investigations require gravity levels in
the range of 10 to 10 for extended periods. These
requirements influence the mechanization and selec-
tion of reaction control system components,

The  low-acceleration-level requirements  impose
thrust-level constraints on the propulsion system, the
severity ol which is a function of vehicle weight and
mission  operations, Zero-gravity investigations in
Space Physics and in meteorological cloud-chamber
rescarch require a low level of aceeleration disturb-
ance (10* g) for extended periods of time. These
rescarch activities would benefit from a propulsion
subsystem using low-thrust techniques, such as the
resistojet,

Lhe extent of propulsion-subsystem-plume  contami-
nation is one of the least-understood of the important
phenomena associated with spacecraft design, It s
Kknown, however, that contamination of critical sur-
faces and the degradation in transmission of radiation
due to scattering and absorption are unaceeptable,
Space rescarch facilities must be designed to minimize
the contamination of the sensitive instruments called
torin the rescarch clusters,

Logistics Subsystem

With regard to the logistics subsystem. the influence
of research requiremients can be fully appreciated
only when missions are synthesized; however, study
of the individual research clusters did reveal certain
trends,

The most severe demands for resupply and handling
of materials involve onboard photographic processes.
Sixty pereent of the research clusters deseribe a need
for photographic film or other photosensitive mate-
rials. The packaging, thermal and radiation protec-
tion, handling, storage, onboard processing, retricval,
and resupply of these materials will be critical to the
succeess of the research.
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Other logistical problems may be encountered when
cryogenic fluids need to be resupplied on a periodic
basis. Certain Earth Observations instruments that
function in the infrared region of the spectrum have
detectors that must be cooled to cryogenic tempera-
tures (4° to 170" K); communications radiometric
receivers require eryogenic vooling of the first few RF
amplification stages to reduce internal noise to i level
where the incoming low-level radiometric signals are
not masked. The Space Physics cosmic-ray experi-
ments use a supercooled magnet assembly that would
require a sizeable supply of cryogens if it is cooled by
passive means.,

REQUIREMENTS RELATED TO MAN

Among the most limiting constraints that manned
space research can place upon a space research facility
are those imposed because of the presence of man
himself. In addition to his requirement for a life
support system inside the fucility, systems for extra-
vehicular activity are also necded. Crew size imposes
volume, weight, and power requirements; these are in
addition to requirements inherent to man’'s presence,
The extent of erew participation required in cach
rescarch area was identified, and rele ant crew data
were included in the research cluster descriptions,

Each experimental task was analyzed to determine
the type and level of skill required to perform the
task. SKill type was divided into the 20 categories
shown in Figure 17, cach type representing the range
of skills normally associated with a particular disci-
pline. Three skill fevels were identified, and the
specialized  education or training required for task
performance was determined. The highest skill level.,
(I requires extensive education and training in a
professional discipline, usually representing a Master's
or higher degree in the discipline. The intermediate,
or technician, level (1) requires several years of
training in the discipline. but not neeessarily a formal
degree. Skill tevel 111 can be achieved through cross-
training in 3 months or less by crew members not
having  specific background in the discipline. The
distribution of skills for cach of the three levels is
shown in Figure 17, along with the number of
rescarch clusters involved.  The generad level of
crew involvement in cach research arca is discussed
below.
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Biomedicine

Most of the biomedical experiments require extensive
crew participation since crewmen will be utilized
both as experiment monitors and experiment sub-
iects. Experiments involving the cffects of radiation
and toxicology involve instrumented animals,

The skill-level |1 investigator plays an indispensable
role in the experiment program. The experiment
setup, including subject preparation, usually requires
the participation of an individual experienced and
knowledgable in physiology. The conduct of the
experiment, particularly when a preliminary evalug-
tion of data validity is involved or when blood
sampling is part of the experiment regimen, requires
the same cxperience level. Cross-trained skill-level 1]
crewmen may be utilized for the simple experiment
preparations and post-run cleanup. The experiment
subjects, although primarily crewmen, in most cases
must be thoroughly trained 1n the experimental
techniques during the establishment of preflight
baselines. The skill-leve] | investigator is required in
only a few rescarch clusters and then only for g
minimum of tasks,

Before flight, instrumented animals will be prepared
for automated data production and wili require only
minimum monitoring and general maintenance from a
crewman,

The exposure of mice and rats to radiation and toxic
contaminants, and the treatment of experimental

lesions will require at least a skill-level 1l crewman
with significant experience in these specific activities,
The analytical chemical laboratory will be manned by
an individual of similar experience,

Man-Systems Integration

In general, these experiments are addressed to the
evaluation of man’s behavior as an individual, in a
group setting, and at the interface with hardware. As
such, they require heavy participation by the crew as
experiment subjects. The crew is also involved in
setting up conditions for individual experiment runs
and in the operation, monitoring, and maintenance of
experiment measurement equipment. In many of the
man-systems integration experiments, the manned
activities observed are regularly scheduled mission
tasks and will therefore not impose additional time
requirements on crew mem bers serving as experiment
subjects,

Life Support and Protective Systems

The nature of the specific experiment determines the
level of crew involvement. Basic heat and mass
transport experiments are shorter in duration (min-
utes to hours), but they require setup, startup, data
taking, and continuous observation by at least one
crew member. Evaluations of complete life-support
systems and subsystems extend over long durations
(weeks to months) and require close monitoring only
during startup: once in operation, however, they
depend heavily on automatic data recording, testing,
and controls, The crew must follow a daily schedule
of monitoring and must perform weckly cquipment
maintenance. Onboard data evaluation, both from
direct observation during runs or from recorded tape,
will also be required for immediate assessment of
results,

Engincering Experiments

All of these experiments are concerned primarily with
the evaluation of hardware and do not require the
crew to serve as experiment subjects except for data
management experiments, where man Serves as an
experiment subject while interfacing with the subsys-
tem  hardware, Engineering  at skill-level 11 pre-
dominates for these experiments, with a minor
requirement  for navigation and communications
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skills. For several of the engineering experiments,
support is required from the astronaut crew in
controlling and maintaining the vehicle in attitude,
veloeity, and torque disturbances. For the most part,
data collection is automated, with the crew providing
i monitoring function to assure thit instruments are
operating properly. An important crew function for
most of these experiments is periodic reconfiguration
of experiment equipment setups,

Operations Experiments

The objective of these experiments is to evaluate
mission operations as a complex of hardware, proce-
dures, and crew skills. The crew  will serve s
experiment subjects in most of these experiments,
However, the crew time required for these investiga-
tions will not be an additional burden since these are
such operations as the setting up and monitoring of
the measurement equipment and the recording, colla-
tion, assembly, storage. and transmittal of data that
will be performed onboard in any event,

Space Biology

This rescarch program has been divided into the
following four specimen-oriented rescarch clusters:
vertebrites, invertebrates, plants, and protists and
tissues, cach with a preliminary phase, intermediate
phase. and advanced phase. The preliminary phase of
all clusters is directed toward the initial investigation
of general phenomena and will involve extensive
automiation of observitions requiring minimal crew
participation.  The nonautomated  tasks associated
with this phase. such as the preservation of speci-
mens, the identitication of developmental abnormali-
ties, and the separation of individuals according to
sex are neither time consuming nor complex and may
be accomplished by a cross-trained (level H1) crewman.

The intermediate phase is characterized by exper-
mentation in the phenomena for which alterations
due to the space environment are indicated. Such
experiments will necessitite real-time observations in
an onboard taboratory rather than postilight analysis
on returned specimens. The laboratory analyses are
expected to involve standard procedures and instru-
ments modified for spacecraft use. They will, how-
ever, make increased demands on the experimenter’s
time, and will require the experence ol at least a

level 11 investigator, The assignment of this individual
to space biology research on a nearly full-time basis
should be anticipated with the part-time assistance of
two cross-trained crewmen.

The advanced phase of the rescarch program will
involve a detailed examination of the mechanisms
responsible for the observed changes. Although the
changes to be examined are unknown at present. it
can be predicted that the investigation will require
sophisticated techniques and a flexibility of investi-
gative approach and direction. The onboard presence
of a principal investigator, or at least a rescarch
biologist (level 1) assigned full-time to the luboratory,
is required to meet the criteria of this advanced
phase. The full-time assistance of cross-trained crew-
men also should be anticipated.

Space Astronomy

These experiments generally involve long data-taking
periods, which are highly automated and conse-
quently require minimal crew activity, The crew will
be required to unpackage and activate the experi-
ments initially, periodically calibrate and check out
the hardware, and perform servicing and maintenance
functions. The predominant skill fevels required will
be levels T and H, considering the sophistication of
the astronomical instruments.

Space Physics

Some of these experiments are performed within the
space vehicle, and some are performed with free-
flying vehicles released from the space laboratory.
For the latter, crew involvement includes assembly,
deployment, and retrieval of experiment equipment
through tie scientific airlock. For all experiments,
the crew will set up and check out the experiment,
and perform maintenance as required. During the
automuric data-taking phase, the crew will monitor
the operation periodically and change film magazines,
filters, and lenses as required. When unexpected events
occur, the crewman will be required to operate
equipment manually for short periods of time. Film
will be processed onboard, and a quick-look analysis
will be performed to check data quality, Consumables
must be resupplied, and maintenance and calibration
performed as required. The majority of onboard crew
support will require skill-level 1.
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Communications and Navigation

Crew involvement is heaviest at the initiation of these
experiments for installation, calibration, and initial
setup of the experiment. For some of these experi-
ments, crew EVA will be required at the outset in
performing such tasks as erecting, assembling, and
visually inspecting antennas, components, feeds, and
test equipment. During automated data collection,
crew participation will include monitoring of experi-
ment operation and the collection of data, monitor-
ing and control of the remote maneuvering satellite,
and adjustment of experiment equipment as required.
An extremely important function to be performed by
the crew is periodic reconfiguration of experiment
equipment either as a scheduled event or in response
to conditions that the experimenter observes during
the conduct of experiments. The experimental activi-
ties in this area will require approximately an equal
mix of skill-levels I, I1, and 111,

Earth Observations

The crew is required to set up these experiments
initially and to reconfigure the equipment period-
ically. During experiment operation, the crew will be
required to start the photographic sequences and to
locate and photograph targets of opportunity. The
crew is also required to change film, service and
maintain the equipment, and process the film,
An approximately equal mix of skill-levels I and 1}
will be required.

The methodology employed in the analysis of crew
requirements for this study is typical of approaches
to problems of this kind and is quite adequate as a
methodology. The detailed results of the analysis,
however, should be viewed with caution and should
be considered more as approximations than as hard
data. They do, however, serve a useful purpose by
providing a basis for order-of-magnitude comparisons

of the crew requirements for different types of

experiments,

REQUIREMENTS RELATED TO DATA
ACQUISITION AND MANAGEMENT

The principal product of research activities in space is
data. The data are generated by specially designed

sensor systems to provide information crucial to the
solutions sought and to describe the conditions under
which the scientific data were obtained. Data systems
onboard a space research facility impose operational
requirements upon the mission and requirements on
the space research facility in such terms as weight,
space, and power supply.

Each research cluster was analyzed to determine the
characteristic output of each sensor and the required
ancillary information, such as: (1) operating methods
and techniques to define controls and displays
required for a research operation and to specify
real-time data flow processing required for quality
control and visibility; (2) experiment sequencing to
specify data-generation duty cycles and modes of
instrument function (warmup, calibration, and data
acquisition) and to identify and solve data traffic
control and queuing problems; and (3) user require-
ments to identify real-time data handling problems,
principal-investigator interfaces, information enhance-
ment potentials, and allowable data manipulation and
processing. Measurement requirements range from the
simple task of obtaining candid photographs of the
crew to the sophisticated manipulating of elaborate
and delicate astronomical telescopes. The require-
ments imposed on the data management system by
the operational methods and techniques involved in
controlling the various experiments affect operations
planning, conceptual mission planning, crew skill mix,
as well as overall management of onboard operations.

The data requirements portion of each research
cluster description identifies the critical planning
information for data handling. The physical format of
the data is an important category of such informa-
tion; if photographic film or magnetic tape js
required, for example, the impact of onboard process-
ing and storage can be significant. The specification
for the precision required of the data determines how
much onboard processing is necessary before the user
receives the data. Some data must be used immedi-
ately; and some will require storage, handling, and
retrieval. The data management system may be called
upon to handle any or all of the following: photo-
graphic film, magnetic tape, electrical signals, physical
samples, and biological specimens. Many research
activities may require two data-collection modes,
quick-look and long-duration. In addition to the basic
information to be collected in support of research,
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data of a secondary nature will also be required for
calibrating, referencing, and verifying the conditions
under which the scientific data were collected.

To define required operating modes, scheduling of
data, collecting and handling, and other such param-
eters, the information from research cluster descrip-
tions that appeared to place the heaviest demands on
a data management system was extracted and pre-
pared in a summary matrix form. A chart then was
prepared, detailing data  management functions
according to commonality for the various research
clusters. Table 7 summarizes the data handling and
support requirements for those research areas that
appear to place the heaviest data demands on future
systems,

CONFIGURATION ANALYSIS

The research clusters, in addition to providing a base
for mission planning, were surveyed for any data
relevant to spacecraft configuration planning. An
instrumentation matrix was assembled for each
discipline. Unique research activities requiring remote
modules or subsatellites were also included in the
data developed to aid the mission planner. Layouts
were made for representative space research facility
configurations, For each of these layouts, instruments
basic to the most common measurements of the

discipline can be accommodated, with options for
adding other instrumentation for additional aspects
of the research. As an example, Figure I8 shows a
conceptual layout for a communications and naviga-
tion laboratory work center.

APPLICATION OF REQUIREMENTS TO MISSION
PLANNING

Mission planning in this study consisted in selecting,
within imposed constraints, a set of research activities
that are responsive to major objectives and are
complementary with respect to their demands on
space facility resources, so that the research objec-
tives may be achieved with the most judicious
expenditure of resources,

Mission planning depends basically on two things:
clearly defined objectives, and accurate information
on the requirements imposed in satisfying those
objectives, The critical issues derived from the over-
view analysis of the six disciplines present the
objectives in the form that they must be addressed by
the mission; that is, in terms of specific research
information to be gained, Analysis of the research
clusters developed sets of requirements, However,
in-depth consideration of the various requirements
and analysis of available spacecraft systems will be
necessary before mission planning can proceed.
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The mission planning factors displayed in Figure 19
identify the many technical and operational consider-
ations that collectively influence the development of
definitive mission concepts, The various factors rele-
ant to defining missions are not only numerous but
are extremely complex in their influence on one
another. After the disciplines have been analyzed and
the critical issues identified and grouped into research
clusters according to commonality of instrumentation
and measurements, compatible sets of research activ-
ities can be established by using the data from the
rescarch clusters to develop statistical measures of the
requirements placed upon the mission and upon the
space research facility,
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Several important  mission-selection parameters are
identified in the sample mission planning worksheet,
Figure 20. These parameters are grouped in such
categories as orbit, spacecraft pointing and demand,
environment, crew, and special requirements, Datwa
developed from analysis of the research cluster
descriptions are entered in these worksheets., Each
entry provides a check against a given mission profile
to identify any particularly severe recuirements that
might conflict with the mission profile. The special-
requirement items  pinpoint  areas where  further
detailed analysis is required, and individual work-
sheets may be used te display the detail required in
any significant reseatch area for the development of
mission strategics,

Example of Mission Sensitivity Analysis

In the mission planning process, the planner is often
constrained by the availability of equipment, as
reflected by its development status: or by such
factors as weight, volume, and power required by
cquipment; or by crew availability. In the case of
equipment availability, he must consider the relative
vilue of the allocation of resources to the develop-
ment of one picce of equipment in comparison with
another. Regarding the other factors, his decision will
be based on the incremental gain in research objec-
tives as a function of incremental commitments of
weight, volume, power, or crew time.

Figure 20. Mission Planning Worksheet
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To illustrate the type of problem that can be
addressed using the data base developed during the
study, an example can be cited from one of the
topical problems of the day: the subject of environ-
mental pollution,

In the Earth Observations aiscipline, 29 critical issues
(representing five of the seven subdiscipline ascas
examined) were identified with the subject of pollu-
tion (Figure 21). The informavion and measurement
requirements of these critical issues were examined,
and they were included in six research clusters on the
basis of commonality of their reuirements (Table 8).
For cach research cluster, the instrumentation
requirements, mission requirements, data require-
ments, and supporting technology development
requirements  were identified. This information
provides the data base from which the traceability of
mission and spacecraft requirements and supporting
technology developments to NASA's goals and objec-
tives may be demonstrated, and from which sensi
tivity analyses may be made. Table 9 summarizes the
15 instruments identified with pollution research.
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Figure 21. Pollution Research

Using pollution research as an example, selection
strategies could be developed for relating specific
instruments to critical issues. If it were desired to
maximize the number of critical issues that could be
addressed by the fewest number of instruments
(Figure 22), the planner might first consider selecting
instrument No. § (an absorption spectrometer) for
his inventory. With this instrument, seven specific

» m 100
B Om = =G T = T SAT)
8 ()
| 4n
2} ol
609 Nu o
60
"o s
8 | INSTRUMENT GTRATEGY
1wk ) MAXIMUM GRITICAL IGSUED
g L | FER INSTRUMENT USED das
(YY)

obcd L L.l .} L L b L b4 1 L iy
8 ¥ 3 6 8 10 2 7 4 14 6 6 VN R

INSTRUMENT NO.
(1Y) BETECTION AND MONITORING OF ATMOSPMERIC POLLUTANTS
603 OCTAN POFULATION OYNAMICS AND FISHERIES RESOURCED
801 OGEAN POLLUTION IDENTIFICATION, MEASURCMENTS AND ERFECTD
(8] DETERMINATION OF FOLLUTION IN WATEA RESOURCES
eny GUAVEY OF HYDROLOGIC FEATURED OF MAJOR RIVER BAGING

GAIF 4 CROP VIGOR AND YIELD PREDICTION

Figure 22, Instrument Sslaction Strategy

critical issues could be investigated. Before a further
expansion of the scientific program could be under-
taken, however, five additional instruments (Nos, 1,
3, 6, 8, and 10) would have to be added. This step
would increase to 17 the number of critical issues
that could be investigated, Before all 29 critical issues
related to pollution could be addressed, a total of
15 instruments would be required

Although instrument-selection strategy may be useful
in suggesting a point of diminishing scientific returns
as a function of specific instrument development
efforts, it is also helpful to be able to establish
numerical indices of information return in a general
research area per pound or per cubic foot of payload.
For this purpose, the research clusters provide a
broad set of requirements covering many critical
issues  that are related in terms of common
information needs or measurement requirements
although not necessarily restricted solely to pollution.
Table 10 summarizes pertinent data derived for the
six research clusters that address one or more of the
critical issues dealing with pollution. The weights and
volumes cited in this table include basic instrumenta-
tion plus support equipment, such as consoles and
test units. This information is typical of that needed
to develop facility requirements,

It should be noted that the column labeled Pollution
Critical Issues in Table 10 reflects only the specific
issues that relate to the problem of pollution. In
every case, the total number of critical issues related
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Table 8

29 CRITICAL ISSUES IN ENVIRONMENTAL POLLUTION

AGRICULTURE AND FORESTRY

What are the sourees of pollution?

What are the distribution mechanisms of poliution?

Where is pollution or overuse endangering the recreational use of water or forest areas?

Where is pollution emission in excess of standards?

GEOGRAPHY AND CARTOGRAPHY

How can pollution from industrial expansion

be controlled, i.c., atmospheric/hydrologic?

How is pollution refated 1o the Earth's topography and climate?

How can pollution and waste from la,ge population centers be effectively controlled?

How is pollution affecting the coastal ecological environment?

HYDROLOGY

What are the effects of streamflow and wastes upon coastal waters?

What is the extent of saline instrusion in estuaries?

What is the dispersion of visible pollutants in

coastul waters, estuaries, large lakes, and reservoirs?

How can the occurrence and extent of algal blooms be determined?

How can oil shicks on the surface of witter be

identified?

How can the transportation and deposition of sediment be determined?

What pollutants are evident in the atmosphere and in what percentage? What is their rate of change?

What general aspects of man's progress induce pollution and changes in topography and river systemns”?

How are pollutants derived from population increase and the cultural and social advancement of man

affecting the water ecologic sy stem?

OCEANOGRAPHY

How are the physical properties of the oceans affected by ocean pollution?

How does ocean pollution affect electromagn

elic emission from the sea surface?

How does ocean pollution affect the chemical reactions and salinity in the oceans?

How do tidal flushing patterns affect salinity

How is the productivity of the oceans related

and pollution characteristics?

to ocean pollution?

How we marine population dynamics affected chemically by ocean pollution”

How can the transport of pollution in the ocean be effectively controlled?

How are marine population dy namics affected by the transport of ocean pollution”

METEOROLOGY
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How are all ecologic systems affected by atmospheric pollution?

What effect is exerted on the air ecologic syst
What are the effects of air poltution upon the

What chemical constituents ae present in the

em by the poliution of water and soil?
climate of urban arcas?

atmosphere?

Primary
Rescarch
Cluster

o-M-5
0-M-5
6-A/F4
o-H-1

0-0-1
0-H-1
6-0-1
0-0-1

6-H.7
0-H-1
0-H-|
o-H-1
0-H-|
o-H-1
o-M.5
0-H-1

o-H-1

6-0-1
6-0-1
0-0-1
0-0-1
6-0-1
0-0.3
6-0-1
0-0-1

0-M-§
6-M-§
0-M.5
0-M-5
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Table 9
INSTRUMENT LIST FOR POLLUTION-RELATED EXAMPLE

Weight Volume

Peak
Power
(Waies) Main Characteristics

No.* Name ' (Ib) f*)
I Metric Camery 300 21
2 Muluspectral Camera 275 8
3 16-Band Multispectral 300 19
Scanner
4 Radar Imager 620 112
5 Absorption Spectrometer 30 i
0 Multichannel QOcean Color '3 0.25
Sensor
7 Radar Altimerer/ 78 1.5
Scatterometer
8 Microwave Scanner 200 9.5
Scatterometer
10 Data Collection System 10.5 0.5
14 Interferometer Spec. 35 1.5

trometer (IR)

785 dlens: 41 by 61-deg FOV;0.4-09 u; 12-in. F L.
11200 70mm (6 ea),0.. 0.9 udi. by 4t-deg FOV
190 0.4-12.5u: 11-deg FOV; cryo cuoling: 20.4 MB/S

2,500 8-10GH7: 4 data channels; 50-150 MB/S on film
18 280-500 u: 30-deg FOV: 1.2 MB/S: 6 data channels

6 0.4.0.7 y; 3d-deg FOV; 1 2.kHz analog: 2 data
channels

130 86 Hz; ¢O-deg FOV; 3.2KB/S: 21 daty channels

25 10and 19.5 GH; 50-deg FOV; 1.4 kB/S; 12 duta
channels

7.5 450 MHz: 100-deg FOV: PCM data receiver;
10 channels

24 5.50 u; 2-deg FOV; Na purge; 13-sec duty cycle;
16 channels

] Multispectral Tracking 850 38 540 0.35.0.85 u; 24-in. optics; 1. 4-deg FOV ; £45.deg
Telescope gimbal

10 Selective Chopper 34 0.0 5 14.5.15u: 3 by 2 channels: 10-deg FOV Earth and
Radiometer space

17 IR Filter Wedge 30 1.25 7 156und 810 u; 1- by 3-deg FOV; N, cooling;
Spectrometer digital

2] Visible Wavelength 25 1.27 50 0.38.0.58 u; 3-deg FOV £60-deg gimbal; 16 daty
Polarimeter channels

22 UV Imager/Spectromeer 150 35 45 0.3504 18- or 1.deg FOV; 2 analog channels

*Instruments 9, 11,12, 13, 18, 19, snd 20 were not critical for pollution measurements.  NOTES: 1OV = Field of view

to the designated research cluster is much larger, In
the case of 6-A/F-4, for example, which is a rescarch
arca dealing with problems of crop vigor and yield
prediction, 121 critical issues are addressed in all,
although only one of them deals specificaliy with
pollution. Thus, while the capabilitics reflected by
the space facility requirements defined by cach
rescarch cluster are required in order to address the
specific issues on pollution associated with it. the

B/S = Bits per second

facility defined in this way is capable of supporting
research in other problem arcas as well,

Figure 23 presents a cumulative plot of the weight
and volume commitment. as research clusters are
added to accommodate a major program in pollution
rescarch. As might be expected. the weight and
volume growth curves show a considerable correlation
with cach other.
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SENSITIVITY ANALYSL*’S&?(SHEET ~ POLLUTION
Pollution Weight Volume Power

Rescarch  Critica) Weight*  /Crit, Volume®  /Crit. Power* /Crit, No. of
Cluster Issues (Ib) Issue  Rank (f*) Issue  Rank M) Issue Ronk Instruments
6-A/F4 ] 4,000 4,000 o 2‘)6 290 6 4000 4600 9
0-H-1 9 3070 82 3 120 133 [1300 a4 3 5
0-H-7 | 3900 3,900 5 200 200 5 JR00  3R00 5 5
6-M.§ 7 970 139 | 21 3 | 500 71 2 |

0-0-1 10 2,258 220 2 80 8 2 700 7 ! 0

6-0-3 | 2185 2,188 4 81 81 4 700 700 4 5

*Includes basic Instrumentation plus support equipment.

CUMULATIVE vOLuy 1),

00 ! 000 't
Y Iy SRt S Sevtas =y e ST
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3
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| N R |

2.000 6.000 10 000 14 000 19.000
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o

Figure 23. Sensitivity of Weight and Volume to Number of
Research Clusters

The large penalties per information unit associated
with 6-A/F-4 und 6-H-7 (see also Table 10y suggest
the need for a closer examination of the criticality of
the research required, In the case of 6-A/F-4, the
critical issue addressed (see Table 8) deals with the
determination of areas where pollution or overuse is
endangering the recreational use of water or forest
areas. In the case of 6-H-7, the critical issue addressed
deals with the effects of streamflow and wastes on
coastal waters. At this point, judgments would be
required from the scientific community regarding the
true importance of these problems,
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Although the basic facility requirements were defined
by working from broad objectives 1o increasingly
specific needs, the traceability  afforded by the
analysis makes it feasible to assess which issues (and
thus  which objectives) could be addressed when
specific facility capabilities are available, Conversely,
the major objectives that cannot be addressed when
specific  facilities  ape unavailable  can  also b
identified,

Implementation Options

Among the candidate systems presently proposed for
future research missions are extensions of the current
Skylab progeam, a space shuttle, and Lirger perman-
ent  space  stations, Experiment modules, either
attached to one of these facilities or free-flying. can
be used in various combinations. The suitability of
cach system for rescarch activities in the six disci
plines can be examined.

Shuttles would chuructcristicully be manned by
small crew, would have missions of short duration (5
to 7 days), and be limited in power, volume, and Jdata
management resources. The short duration and small
crew (in particular) tend 1o define the kinds of
research that could be rerformed aboard space



shuttle. Both of these aspects, however. make the
shuttle an ideal facility for qualification testing and
checkout of equipment und techniques. The res-
ponsiveness and reliability of sensors must ve demon-
strated  for example, before they are sent on auto-
mated data-gathering missions involving the viewing
of the Earth'’s urface or of planets and stars. Such
checkouts can be performed in the few days' duration
of a shuttle mission, so that the time demands on the
scientist  required only for instrumcnt checkout
would be minimized. A shuttle can also be useful for
the testing of techniques wuch as the melting of
metals in zero gravity that involve hazardous condi-
tions and might necessitate o rapid return to Earth,

In some of the disciplines, particularty in Communi-
cations and Navigation, the system becomes increas-
ingly automated as the system-test phase of
development is approached. Systeni equipment at this
juncture is amenable to final checking in a shuttle,
and some of it may even be placed in a free-flying
module by a supply shuttle. Noise surveys of Earth’s
radiated RF energy are a good example of the type of
research for which a survey package, once activated,
can continue in an automated data-collection mode.
Radiometric receivers using broad-beam antennas and
linked to a tape recorder can be accommodated by an
automated module. In many ¢ ises, man is needed
only to change a tape or film cartridge or a similar
picce of equipment, In general, research activities that
arc best suited to shuttles can be modularized and are
less complex than those requiring free-flying modules
hosted by a space station.

It is apparent that long-duration research missions are
better suited to a space stiation or space base than to a
shuttle. Such missions are required most frequently in
disciplines  that depend on man-oriented rescarch
activities, such as Manned Spaceflight Capability,
Space Biology, and Space Physics, Research that
would be suited to a space-station-type facility would
encompass activities such as sophisticated life science
studics including induced mutation, space toxicology,
and small-animal behavior: and Space Physics studies

such as fluid physics, and processing and manufactur-
ing of specialized materials, including high-purity
pharmaceuticals.  Attached research modules  are
extensions of the host rescarch facility that are
broughi into space independently and are docked and
functionally integrated with the research facility.
They are configured to provide cither additional
working space or special research conditions, They
are suited to Earth survey and to solar astronomy
instrumentation, including x-ray telescopes. Free-
flying modules are decoupled and isolated from
host-research-facility accelerations or contaminations
and may operate in orbits remote from that of the
host facility. They are particuarly suited to certain
classes of stellar astronomy. The research activities in
Earth Observations and in Communications and
Navigation, which are more amenabie to automation,
are well suited to either a space station or a shuttle,
although the longer-term requirements favor the
permanent research facility. In the case of Space
Astronomy, the detached module, whether hosted by
a space station or by a shuttle, is the best choice,
primarily  because of the disturbing accelerations
created by man’s presence on the spacecraft.

A space station operated in conjunction with a
free-flying module could support a greater percentage
of individual research requirements than any of the
other concepts. Although the space shuttle and
shuttle-plus-module concepts are limited in the
amount of electrical power and the hours of manned
participation they can provide, they could neverthe-
less perform a considerable amount of useful
rescarch,  particularly  in Earth  Observations,
Communications and  Navigation, and  Space
Astronomy,

The mission parameters for Skylab, a shuttle, or a
space station would, in an actual plunning exercise, be
checked against the entries in a mission planning
worksheet as illustrated in Figure 20, and the research
clusters compatible with these parameters would be
identified. Thus, any research activity described in
this report can be screened to determine which
currently planned space program would suit it best.
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LEPILOGUE

Space activities to date have been primarily of an
exploratory nature, and the results have been grati-
fying. We are now in a position to move positively
into an even more productive phase and to begin to
reap large-scale benefits from the space program. The
Earth Orbital Experiment Program and Requirements
Study has delineated the substance of a comprehen-
sive research program to match this opportunity in
six scientific and technological disciplines. This study
has translated society’s goals for the next few years in
these selected areas into specific research activities to
be performed by man in Earth orbit.

The two disciplines in which space research will
probably have the most immediate impact on the
largest pumber of people are Communications and
Navigation, and Earth Observations. In Communica-
tions and Navigation, rescarch in such areas as noise
interference, propagation effects, and tropospheric
scatter losses will open up  the electromagnetic
spectrum - for  broader use in commercial and
educational  braodcasting, information networking,
data collection, and navigation and traffic control. It
will aiso contribute to the effective management of
these activities through more realistic frequency
allocations  and  their more  effective usage and
control. The study revealed that in communications
research especially, a manned space rescarch facility
would offer a unique advantage by permitting the
periodic reconfiguration of the laboratory instrumen-
tation, enabling it to be readily redirected from one
research activity to another. Man's presence thus gives
a  lexibility and adaptability  difficult if not
impossible to achieve with automated spacecraft, and
results in more efficient, more comprehensive, and
more meaningful research,

Earth Observations can  have perhaps the most
profound influence on the future of mankind. The
perspective from space has already given new diree-
tion in attacking man’s problems on Earth, and we
are already enjoying some of the immediate benefits
of space research. Because space coverage of weather
is global, prediction techniques have improved and
serve agriculture and  transportation with more
accurate and more timely information. As our sensing
capabilities and knowledge increase, crop infestations
and  discase will be recognized from space, and
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through timely intervention, they can be better
controlled. Sources and locations of pollution are
identifiable from space, as are new sources of fresh
water, geothermal energy, mineral resources, and
marine resources. Thus, research from space con-
tributes directly to the solution of two particularly
pressing problems: pollution, and the feeding and
support of rapidly multiplying populations.

In Biology, it can be anticipated that all branches of
terrestrial - biological  research  can  be fruitfully
extended into space, and this research can be accom-
plished most expeditiously and most efficiently by
using a4 b, gy laboratory approach instead of a
discrete-experiment approach. A phased program that
poses  general  questions  first and  undertakes
mechanistic investigations later, thereby coinciding
with the growth in sophistication of orbital rescarch
facilities, will yield maximum information at
minimum cost and will result in the most efficient
utilization of scientist-astronaut time. More of the
critical issues  of concern to  biologists can  be
addressed  through research on  vertebrates  than
through rescarch on plants, protists, or invertebrates
(which rank in that order), but all four life forms
must be included to study and assess the universality
of the effects of the space environment and to
develop understanding of the importance of the role
of gravity in the basic life processes. It was found that
man’s direct participation in biological research
activities increases tenfold the number of critical
issues that can be addressed in orbital facilities,

In Space Astronomy, the role of man in orbit is
intermittent, although he is involved in X-ray, optical,
and low-frequency radio observations. His functions
will principally tie in the deployment, calibration,
resupply, and maintenance of large, complex
telescopes. The periodic maintenance of these instru-
ments greatly increases their scientific productivity,
which is a vital concern for these sophisticated
devices.

In Space Physics, new insights into fluid dynamics
and mixing phenomena will evolve through the use of
a physics and chemistry laboratory, and the develop-
ment of new materials and processes will be explored.
The space facility itself will serve as a base for



i

T el

T——

“p

fearming more of the space envitonment and tor
deseloping reseaich facilities for understinding such
phenomena as plisnie physies and cosmic rays Man
will be required in the implementation ana operition
of the plasina physies and the physics and chemistry
Liboratories, and Lo set up experiments m a cosmics
ray reseirch facility.

Fhe sinth o specitic area of space research examined
during this study was Manned Spaceflight Capability,
This rescarch subject includes the study of man
himselt, from the biomedical and behavioral stand-
point, to determine his potential capabilities as well
as  his  operational  limitations  in the  space
environmment. 1t includes the identification of the
engineering and operations research needed in space
to provide man with the facilities required to support
A broad-based rescarch program. The critical issues
identificd in this arca need to be resolved betore the
ultimate  potential ot manned  orbital  rescarch
facititios can be realized.

Attendant upon the research activitios o the space
program for the next decade is the developmient of
the technology base required to support the planned
rescarch. The relationship  between  research and
supporting  technology  development is such  that
advances in one frequently propel the other ahead as
well, Some rescarch activities outlined in this report
will not be feasible until certin technology develop-
ments have oceurred: but developments in technology
have in the past, and will in the future, lead to the
generation of new research, even, perhaps, to whole
new fields of investigation. For example (looking into
the past), the modilications that Lecuwenhoek made
to the microscope ol his day made microbiology
possible. Tn o contemporary vein, now that viewing of’

the shy over the entire clectromapnetic spectrum has
become feasible, rescarcly in x-ray and low-trequency-
radio  astronomy  has  received  new  impetus,
Instruments developed for ground monitoring of the
vital signs of men in space are already being used by
medical personnel to diagnose condidons of patients
on Farth. Numerous specific examples of technology
developments required to support manned orbital
research were identified in the study. 1t was found
that technology requirements impact carly in relation
to known programs, they depend on results from
these programs, and the efforts that they generate can
be expected to continue well into the span of the
rescarch program itself. Farly emphasis on supporting
technology  development is  therefore required to
enable man to meet the challenges that tace him.

As noted above, one of the most important results of
the study was the improved insight it provided into
the value of a manned research facility in space and
of the utility of laboratories devoted 1o specific
rescarch arcas, cach providing a broad capability in its
own arei through the ability to rearrange or recon-
figure a basic complement of research instruments.
The presence of man i connection with this recon-
figuring, and i many cases, in the role of 4 manipu-
lator and monitor of the research, is essential to the
productive wtilization of these Laboratories,

Insight  of  this  Kind is  developed  only  with
experience. Without doubt the experience of man in
space will resolt in insight toward the solution of
nany problems that relate to conditions on Farth, 1t
is not unrcasonaile to expecet that continued rescarch
by man in space may give the Key, not only (o
continuing man’s stay on Farth but to continuing it
in health, in comfort, and in peace.
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Space Astronomy 77
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Space Physics 80
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MANNED SPACEFLIGHT CAPABILITY

RESEARCH CLUSTER 1-BM-4—EFFECTS OF WEIGHTLESSNESS ON CIRCULATORY FUNCTION

ABSTRACT

OBJECTIVES. Detect and moeasure changes in circutatory function
due to weightiessness, estabhish time histones, investigate physio
logica! and thochemical mechanisms,

BACKGROUND. Data reference from ECG and blood pressyre
measurements on all Mercury, Genini, and Apollo fhghts, ground-
based waterammersion and bed-rest studies, and planned expers-
ments on Skylab A,

RESEARCH DESCRIPTION. Imitial determimation and quantifica
tion of changes. Blood volume measured by ditution of injected
tagged blood cells and plasma. Orthostatie tolerance studied with
lower body negative pressure (LBNP) device; associated measutre
ments include heart rate, blood pressute, leg plethysmogram, and
cardiae output. Circulatory compensation  evaluated  following
ergometer exercise by heatt rate, blood pressure, and coardiic output
measurements. Urine volume and analysis involved in defining the
nature of the changes. Later measurements to determine mecha-
msms of changes include pulse wave form and velocity, venous
pressure and comphance, arteriolar reactivity, circulation time, and
heart size. Ergomoter and LBNP conditioning programs investigated
a5 COUNtLrmeasures,

CONSIDERATIONS FOR IMPLEMENTATION
SPACE FACILITY RESOURCES. Onboard isotopes for blood volume
neasurements require shielding. Oscitloscope, stpchart, and tape record-
ors. Other 1tems: electrode lead systems and preamplifiers, blood prossure
assembly, leg plethysmograph, cardiotachometer.
CREW. Crew as subjects, six desirable, thive mandatory; pius experienced
medical or  physiological  technician. Physician  required for a few
measurements,
DATA. Notes, tapes, and fluid samples returned tq Earth.

OPERATIONS. Mimimum crew cycles 90 days. Measurement frequency
high early in cycle, reduced later No spacecraft rotation during measure
ment program commenced on 2ero-g crewman. Space simutation of gravity
should occur only during last two weeks of cr v cycle.

RESEARCH SEQUENCING. Early detection and quantthcation of
changes, later “westigation of nature and mechanisms.

SUPPORTING TECHNOLOGY DEVELOPMENTS. Noninvasive central
venous pressure measureinent technique.

RESEARCH COMMONALITIES. Raeceives information from 2-VB-1, 2;
common measurements with 1-BR-3,

RESEARCH CLUSTER 1-BM-6-RADIATION, TOXICOLOGY, AND MEDICAL PROBLEMS

ABSTRACT

OBJECTIVES. Determine changes in susceptitnhity to and recovery
from altness or injury and in tolerance to rachation and toxicology
caused by altered state in weightlessness.

BACKGFROUND. Terrestrial radiation and toxicologicat limits well
establishad.  Physiological changes observed in previous space
missions could alter tolerance,

RESEARCH DESCRIPTION. Small laboratory animals. On first
group, produce preflight injuries and lesions that could occur to
astronauts in space. At antervals, anumals frozen, returned for study.
Orint second group intact; after three weeks, expose to predeter
mined radiation doses. Recommunded radiation doses 25, 60, 100,
200, and 400 rem, Trird group similarly treated but with predeter-
mined concentraticys of toxic contaminants. Toxic contaminants
include putmaonary Irritants, central nervous system depressants, and
producers of kidney damage.

CONSIDERATIONS FOR IMPLEMENTATION

SPACE FACILITY RESOURCES. Animal housing, 35 to 40 cu ft, not
including automatic food and water dispensing and automatic waste
mnanagement X ray radiation source, tubes, approximately 200 Ib, 500 to
1,000 w. Toxicological exposure chamber, associated with contaminant
concentration analyzer. Frozen apimats stored in -709C freezer,

CREW, Extensive Participation. Animal care, observation, and treatment.
Blood sampling and analysis. Tasks probably within capatntities of
cross-trained crewmen.

DATA. Notes, tapes, and frozen specimens returned to Earth,

OPERATIONS. Transfer of animals to exposure chambers, exposure, and
subsequent observation, analysis, and sacrifice, as well as treatment and
observation of experimental lesions very time consuming. Experiments
should not be scheduled during period of extensive crew activity,

RESEARCH SEQUENCING. No special considerations,

SUPPORTING TECHNOLOGY DEVELOPMENTS. Animal toxicological
chamber, radiation source, animal research facihity,

RESEARCH COMMONALITIES. Receives information from 2-P/T-2.
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RESEARCH CLUSTER 1-BM-6-EFFECTS OF WEIGHTLESSNESS ON STRESS RESPONSE

ABSTRACT

OBJECTIVES, Determine changes in physiological responses and
tolerance limits to potential  environmenta) 8trosses in order to
better defing physiological design criteria for spacecraft,

BACKGROUND, Ground-based hmits for O: and €Oy concentra.
tions, temperature oxtremes, and work capacity reasonably welt
defined. Physiological changes observed in Previous spaceflights
could potentially change tolerances in SaCE.

RESEARCH DESCRIPTION. Physiological rosponses 1o various
environmemtal strosses measured and 1njerance changes determined.
Exercing performed on bicycie ergameter, and heart rate, bload
pressure, oxygon consumpuion, body temperature, and oxygen debt
measured. Hypoxia and hypercapnia {high CO;) produced by
predetermined bmathmg mixtures;, time of useful consciousness;
ventilatory response usod as criterig of tolerance; associated respira-
tory and circulatory measurements made concomitantly. Tolerance
to high temporatures measured at rest and during ergometer exercise
with subject in special thermal enclosure, Body core temperature
and heart rate used as dual criteria of tolerance.

CONSIDERATIONS FOR IMPLEMENTATION

CREW. Six crowmen sorve as experimontal subjects. Participation of
medicat or physiologicol technician roquired.

DATA. Notes and magnetic tapes returned to Earth,
OPERATIONS, Tost intervals predetermined to avoid stross adaptotion,

Stotus of physiological changes monitored and spacecraft rotation avoided
during total tost period,

RESEARCH SEQUENCING. Time histories of physiological changes
established prior to stress testing and used os a basis for tost scheduling,

SUPPORTING TECHNOLOGY DE VELOPMENTS. Thermat enclosure.

RESEARCH COMMONALITIES, Receives information from 2.vg-1, .2,
Common measurements with 1-MM-2, 8, and 1-8R.3.

RESEARCH CLUSTER 1-BM-7—EFFECTS OF WEIGHTLESSNESS ON THE NERVOUS SYSTEM

ABSTRACT

OBJECTIVES. Deternine time-course and mechanisms of changes
produced in nervous system function by weightiessness.

BACKGROUND. Nausea and disorientation reported from early
Sowviet spacefhights and by some Apollo crewmen. Continuation of
planned Skylab A experiments M-131, Human Vestibular Function,
andd M-133, Sieep Monitoring.

RESEARCH DESCRIPTION, Investigate three aspects of neuro.
logical function. (1) vestibular function In orientation and motion
sickness, (2) oloclroencop'mlogmnhac (EEG) patterns associated
with sleep and alertness, (3) spal reflexes as tested during a
neurological examination Vestibular function studhed with rotating
hitter chawr designed for the Skylab A program; both semicircular
canal and otohth activities tested. Similar measurements made later
N association with the onboard manned centrifuge. Computerized
pattern recognition applied to the EEG's of sleeping and working
crewmen and compared with performance evaluation, Cramal,
superficial spinal, and deep tendon reflexes evalyated with advanced
techmiques such as attached accelerometers and electromyography
where possible.

CONSIDERATIONS FOR IMPLEMENTATION

SPACE FACILITY RESOURCES. Rotating titter chair, 210 1b, 30 cu fy
(in use), 200 w (400-w peaks). Equipment associated with EEG studies
common to other experiments. Equipment associated with reflox testing
has negligible weight, power, and volume requirements,

CREW. six crowmen serve gs subjects. If roflgxes are subjoctively
evaluated, an oxpenenced observer is required; other measurements may be
made by cross-trained crewmaen.

DATA, Notes, tapes, and stripchary records ieturned to Earth. No
requirement for telemetry.

OPERATIONS, Litter chair and EEG measurements made frequently early
in crew cycle, loss frequently thoreafter. Reflex tests evenly spaced
throughout cycle.

RESEARCH SEQUENCING, Vestibular and EEG studies to be performed
on Skylab A; should be repeated ot earliest opportunity,

SUPPORTING TECHNOLOGY DEVELOPMENTS, Sensitive quantitative
evaluation of reflex functions,

RESEARCH COMMONALITIES, Closely associated with 1-MM.4,

RESEARCH CLUSTER 1-BM-8~EFFECTS OF WEIGHTLESSNESS ON GASTROINTESTINAL FUNCTION

ABSTRACT

OBJECTIVES. Determine changes in digestion, absorption, and
gastrointestinal movements produced by prelonged weightiessness,

BACKGROUND. Detailed information on gastrointestinal function
N space i1s necessary to ensure meeting crew nutritional require-
ments. No evidence of changes in previous flights; repaorts of nausea
and weight loss thought to be vestibular and metabolic in origin,

RESEARCH DESCRIPTION. Specifically designed  test meals
eaten by crewmen. Foces analyzed for composition; blood and urine
analyzed for changes in normal concentrations of dietary constit-
uents. Feces weighed, dried, and returned for ground-based analysis.
Additional specific test substances administered 1o measure partic-
ular aspects of dietary function. Measurements of motihty and pH
made with ingested endoradiosonde. Signals transmitted to external
recewer. if changes are noted, then subsequent tests, addressing
implicated functions, verify and detail the initial findings.

CONSIDERATIONS FOR IMPLEMENTATION
SPACE FACILITY RESOURCES. Fecal wet Packaging, drying, and
storage packaging by waste management system, Urine and blood storage
requires -700C freezer {.200C acceptable for uring). Onboard fiuid analysis
requires biomed analytical laboratery  (see 1-8M-10), Specimen mass
measuring device to weigh feces.

CREW. Six crewmen serve as subjects. Skilled medical or physiological
technician required for endoradiosonde measurements and flyid analysis,

DATA. Notes, tapes, and fecal samples returned to Earth,
OPERATIONS. Test meals carried onboard, specifically designated for

individual crewmen., Fecal processing and weighing performed by all
subjects. Dried feces packaged, sealed, and stored unrefrigerated.

RESEARCH SEQUENCING, if changes observed in gastrointestinal
function, subsequent research required to specify involved function,

SUPPORTING TECHNOLOGY DEVELOPMEMTS, Further development
of endoradiosonde techniques.

RESEARCH COMMONALITIES, Contributes information to 2.ve-1, .2,
and 1-L.5.6, -9.
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RESEARCH CLUSTER 1-BM-10-BODY FLUID ANALYSIS

ABSTRACT

OBJECTIVES. Measure biochemical composition of blood, uring,
sweat, saliva, vomitus, and foces as necessary to satisfy the analytical
requiroments of the othor research clusters.

BACKGROUND. Caicium, creatine and creatinine of the Biogatel-
lite 111 primate automatically measured by the urine collection asnd
storage system. Uring of Gemini astronauts returned for analysis,
Some modification required to adoapt ground-based analytical
techniques to spacocraft use.

RESEARCH DESCRIPTION. Spectrophotomietry for analysis of
nonionic  inorganic compounds and nonprotein  nitrogonous
compounds; gpecific ion eloctrodes or flame photometry for
inorganic ions; blood gas analyzer and pH eclectrudes for analysis of
blood gases and fluid pH; microscopy and photomicrography for
examination of included solids, formed elements, and particulate
matter; radiation detection for measurement of radioactive tracers;
mass spectrometry for heavy or light isotope tracers; and electro-
phoresis and paper chromatography for specialized measurements,
All analyses supported by basic laboratory preparatory equipment.

CONSIDERATIONS FOR IMPLEMENTATION

SPACE FACILITY RESOURCES. Clinical chemistry analyticol laboratory
o major facility of blomedical program, Weight, power, and volume
requiroments of individual items not excessive but integration into o
workablo laboratory with extensive automation o major undertoking,
CREW. Laboratory should be manned by a woli-trained, experionced
technician whose primary training is in clinical chemistry.

DATA. Notes and taped dato returncd to Earth. Some fluid samples
roturned for spocific measurements, Little requiremont for talemetry,

OPERATIONS. Samples allowed to accumulate until required number
obtained. Storage of samples in freezers, -70°C for blood and -20°C for
urine,

RESEARCH SEQUENCING. Determined by requirements of othor
oexperiments,

SUPPORTING TECHNOLOGY DEVELOPMENTS. tnflight body fluid
onolysis and fluid handling techniguos.

RESEARCH COMMONALITIES. Rescorch in space biology will require
many of the measurements specified by biomedicine. The two sots of
requiroments should be evoluated to determine extont of facility
combinotion,

RESEARCH CLUSTER 1-BM-12-STUDIES ON INSTRUMENTED ANIMALS

ABSTRACT

OBJECTIVES., Determine mechanisms of changes observed in
earhier experiments when invasive techniques and those too trau-
matic for use on humans are required

BACKGROUND. Valuabte information derived from instrumented
primate of Biosateilite HI. Additional research necessary to verify
findings and nvestigate problems uncovered.

RESEARCH DESCRIPTION. Use of instrumented animals most
apphicable  in areas of cardiovascutar and neurophysiological
research. Relationship of cardiac output to regional blood flow,
cardiovascular reflex activity, cardiac work capacity, changes in
electrical activity of tugher brain centers, and electrical activity of
vestibular apparatus would contribute significantly to understanding
of mechamisms. Primates used for most experiments, dogs for
selected cardiovasculor studies, and cats for selected nervous system
studhes. Data either telemetered or transmitted by hardwire to
onboard receivers. Ancillary measurements of heart rate, blood
pressure, and blood analysis performed with primary measurements
to define physiological stay ° of subjects.

CONS!DERATIONS FOR IMPLEMENTATION

SPACE FACILITY RESOURCES. Experimental animals eonclosed in
self-contained modules, automated for food and water dispensing and
waste management., Each module, 300 1o 500 Ib, 30 cu ft, 50w (20w
during dark phase of day-night cycle). Modules relativelty autonomous with
number onhogrd limited by spacoecraft capacity, Qutput of modules fed to
amplifiers, displayed on oscilloscopes, and recorded on magnetic tape for
tater analysis,

CREW. Crew inwolvement minimal and low-skilled. Primarily requires
actuation of data collection equipmaent,
DATA. Notes, tapes, and few fluid samples returned to Earth,

OPERATIONS. Most subjects returned alive for additional studies;
preparation necessary by crewmen. |f food dispensing and waste manage-
ment not automated, then performed by crewmen,

RESEARCH SEQUENCING. Scheduled later in space research program to
investigate mechanisms of earlier nbserved changes.

SUPPORTIMNG TECHNOLOGY DEVELOPMENTS. Specific implanted
sensors, animal experiment modules,

RESEARCH COMMONALITIES. Closely associated with 2.VB-1, -2,

RESEARCH CLUSTER 1-3M-13—EFFECTS OF WEIGHTLESSNESS ON PULMONARY FUNCTION

ABSTRACT

OBJECTIVES. Detect and measure changes in pulmonary function
and investigate associated physiological processes that will lead to a
greater understanding of involved mechanisms.

BACKGROUND. Prefiignt and postiight tests on astronauts, and
ground-based experiments involving prolonged bed rest and water
immersion reveal ro significant changes in respiratory variables.
inflight tests necessary to verify,

RESEARCH DESCRIPTION. Measurements of lung volumes and
breathing mechanics, which include the volumes, flows, and
pressurss associated with various pulmonary activities, made early in
the research program; equipment simi'le, and measurements require
mirvimal crew time and skill. Measurements designed to reveal
changes in the lung membrane, such as diffusion capacity and
alveolar-arterial F’Q2 and PCO; differences require more complex
analytical procedures and the samphing of arterniat blood. A
physician is required for this aspect of the research, Later
measurements will also include residual volume, respiratory dead
space, lung compliance, and pulmonary resistance,

CONSIDERATIONS FOR IMPLEMENTATION

SPACE FACILITY RESOURCES. Display and recording equipment
common to that required by other research clusters, Accurate respiratory
flowmeter equipped with flow integrator and pressure gage will meet
requirements of most lung volume and breathing mechanics measurements.
Compliance and resistance measurements require esophageal balloon or
substitute for transpulmonary pressures, Later testing resources must
include an He-CO gas source and analyzer, and a blood gas (02 and C02)
analyzer.

CREW, Earty measurements by cross-trained crewmen, Subsequently
require experienced lab technician and physician skills for arterial blood
sampling,

DATA. Notes, stripchart, and magnetic tape records returned to Earth,
OPERATIONS. Three crewmen subjects required tor most procedures.
Most measurements spaced evenly throughout a 90-day crew cycle.
RESEARCH SEQUENCING. Adsptive, depending upon spacecraft facii-
ties. More complex and demanding measurements performed later.
SUPPORTING TECHNOLOGY DEVELOPMENTS. Measurement of trans-
puimonary pressure.

RESEARCH COMMONALITIES. Valuable information derived from
1-8M-6.
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RESEARCH CLUSTER 1-8BM-14-EFFECTS OF WEIGHTLESSNESS ON METABOLISM
ABSTRACT CONSIDERATIONS FOR IMPLEMENTATION

OBJECTIVES. Investigato energy  motabolism and intermediary  SPACE FACILITY RESOURCES. Bicycie ergometer, 60 1b, 20 cu t1, ang
processes to determine whother changes produced during long 10w in uso; metabolic analyzer, 40 b, 3cuft, 30w; x-ray bone
weightlossnoss, densitomoter, 100 Ib, 2 cu f1, 1,000 w (during very briof uso), Waoighing,
BACKGROUND. Proflight  and poutflight  moasurements on  drving, and stowage of feces for nitrogon balanco measurements places
Morcury and Gemini astronauts, as well as ground-based studios  SPCcific demands on waste managoment system, Requires specimen maoss
simulating weightiessnoss, reveal decreases in muscle gize and Moeasurement dovice. Chemical onalysis facility required for many measure-
strength, bone calcification, and work efficioncy. Changos in bagsic ments as well as body mass and volume for lean-body mass determination,

metabolic processes are imphicated in these observations. Metabolic CREW. Six crewmen sorve as subjects. Many moasuroments requiro the
phenomena are scheduled for investigation during the Skylab A participation of an experionced and skilled technicion.

program,

RESEARCH DESCRIPTION. Establish time history of reduced
exercise tolorance, bone density, and muscie size and strength - ag ;
wull as relationship to respiratory and cardiovascular changes, OPERATIONS. Many later procedures requiro specific diotary rogimens
calcium balance, and mitrogen balance -during earlier phases of for the crew, Significant demands placed on waste monagement systems,
research program. Investigate protin and lipid utihzation during RESEARCH SEQUENCING, Investigotion of known changes first
carbohydrate deprivation, glucose tolerance, lean-body mass, and priority,

adipose-tissue mass later. Liver function tests performed a5 neces:
sary to define the nature of any abserved changes in protein SUPPORTING TECHNOLOGY DEVELOPMENTS, Body volume

muotabolism, measurement,
RESEARCH COMMONALITIES, Closoly associated with 2.vB-2 and -3.

DATA, Notos, stripchart, magnotic tape records, and biological samplos
roturnod to Earth for additional anolysis,

RESEARCH CLUSTER 1-BM-16-CENTRIFUGE STUDIES

ABSTRACT CONSIDERATIONS FOR IMPLEMENTATION

OBJECTIVES. Dotormine changes in cardiovascular, raspiratory,  SPACE FACILITY RESOURCES. Onboard centrifugo facility approxi-
and vestibular responses to acceleration and rotation Dotermine mately 1,700 ib at launch, Structural chamber height of 9 1, diametor of
usefulness of centrifuge as conditioning device. 20 f1, incorporates a 42-in-diometer Passageway through the hub. Five kw
BACKGROUND. Value of an onboard manned centrifuge ang  fOr SPIN-UP and 500 w during operation,

feasibility of design demonstrated by saveral ground-based studios. CREW. Seven crewmen serve as subjects, four for conditioning program,
The biomedical difficyltios resulting from spacecraft rotation also  three for othor tests, Physiological and engineering technicians required.
mvestigated in terrestrial laboratories.

RESEARCH DESCRIPTION, Cardiovascular and vestibular effects
of centrifugation and rotation, tolerance to reentry acceleration
profiles, and investigation of centrifuge conditioning regimen.
Acceleration tolerance testod weokly; tolerance indicated by the RESEARCH SEQUENCING. Must await the development of a suitable
greyout threshold to a peripheral light, During slow rotation, orbiting facility,

8xaming sensitivity to angular accelerution, suscoptibility *o motion SUPPORTING TECHNOLOGY DEVELOPMENTS. None,
sickness, and occurrence and persistence of nystagmus and ocular

ilusions, Reentry profiles simulated both in magnitude any RESEARCH EOMMONALITIES. May be used 8s biocentrifuge in 2-V8.-2,
direction. Various conditioning programs investigated; absence of 2:IN-2, 2-PL-2, and 2-P/T.2. Studies closely associated with 1-BR-1.
evidence of deconditioning in ancillary tests will be criterion of

program effectiveness.

DATA. Notes, stripchart records, and magnetic tapes returned to Earth,
OPERATIONS. Centrifuge operations scheduled during poriods of low
power loads. Collateral tests required on the centrifuge subjects,

RESEARCH CLUSTER 1-BR-1-SENSORY, PSYCHOMOTOR, AND COGNITIVE BEHAVIOR

ABSTRACT CONSIDERATIONS FOR IMPLEMENTATION

OBJECTIVES. Determine effects of extended spaceflight on man’s SPACE FACILITY RESOURCES. Dedicated area of the spuce facility
basic capability to sense, comprehend, and react to his environment. isoiated from distractions, noise, and extrangous hght. Measuremont

BACKGROUND. Reiiable long-term data on sonsory, psychomator, equipment 250 Ib, 10 cu ft, 50 to 100 w,

and cognitive behavior in space is limited. Because tlvs type of CREW. Crew serves as experimental subjects, requiring ap;':oximately

behavior responds siowly 10 stress, there are inadequate data on rela- 40 hours per crawman per 90-day mission cycle. No special crow training.
tionships between physiotogical and bohavioral changes, and space- ) . )
flights to date have boen wlz?nvelv short. DATA. Voice, TV, test scores, and environmental data on three digital and

i N ) three analog (1 1o 6 kH¢) channels, telemetered to Earth,
RESEARCH DESCRIPTION. Individual self-administered testing ) ) )
periods scheduled to sample as large a population of available crew. OPERATIONS. Measurement techniques for vision, audition, orientation,

men as possible. Sufficient number of measurements made to deter. PSYchomotor, and cognitive functions similar to those employed on Earth,
mine if changes take place, course of change over time, and nature NO data analysis operations required in flight,

of individual dfferences. Physiological measurements correlated RESEARCH SEQUENCING. Initiated early, to permit follow-up rescarch
with observed changes. Experiments initinlly addressed to deter- on complex behavior,

mination of change and later to testing of remedi programs and )
equipment to alleviate such changes, SUPPORTING TECHNOLOGY DEVELOPMENTS. Development of task-

oriented hearing, psychomotor, and cognitive capability tests,
RESEARCH COMMONALITIES. No special considerations.
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RESEARCH CLUSTER 1-BR-2-GROUP DYNAMICS AND PERSONAL/SOCIAL ADJUSTMENT
ABSTRACT CONSIDERATIONS FOR IMPLEMENTATION

OBJECTIVES. Dotermino offects of oxtonded cpacoflight on group  SPACE FACILITY RESOURCES, Four TV cameras, five microphones,
dynamics and personal/social adjustmon, video tope recorder, auxitiary lighting, 1860 tb, B cu f1, 520 w (2% duty
BACKGROUND. Ancadotal litcrature, small group roscarch, cvele).

confinomont studios, and resoarch with isoloted groups indicote CREW. Operation, maintenance, and adjustment of vidoco cquipment; crow
oxtonded cpacetlight may result in altercd group structure, degraded  time loss than three hours per erewman each 30 doys.

roup effectivaness, interpersonal conflict, and porconality changes )
froup " P v 0 DATA. Two anolog channels {voice, 10 kHz; video, 2.9 MHz), ono digital

Littlo is known on group dy namics in spaco.
channel for tost scoros (40 bits), Data processed onboard, tolemeterced for
RESEARCH DESCRIPTION. Longrongo continuing resoarch onolysis, P

offort. Collect data on group productivity by moasuring crow tosk ) )
performance ond group structure. Process by obsorving crew inter-  OPERATIONS. Onboard monitoring of dato quality; adjust and rolocote

action and porsonal and social adjustment by standard porconality  Measuring cquipment. Experiment operations controlicd from ground to
tests. Controlied observations during normal work and offduty Maximum extent to assure nonobtrusiveness. Storagoe space for magnotic
activities, crows of different nizes, different compositions, under  tape.

different mission conditions. Using TV, microphones, quostion:  RESEARCH SEQUENCING. No speciol considorations.
nairos, and personality tosts, gathor dota on task times and orrors,
vorbal and physical intoraction, moad, and porsonality variables. SUPPORTING TECHNOLOGY DEVELOPMENTS. Automated wvideo,

Augment by clinical interviews and physiological data coltocted in  0udio doto gothoring ond analysis instruments and technigues; assossmont
biomedical rescarch. Group bobavior of concern observed overy ten  ©f vorbial behavior.
days. RESEARCH COMMONALITIES. Biomedicol rescarch on physiological

stross indicos (1-BM-6),
RESEARCH CLUSTER 1-BR-3-COMPLEX TASK BEHAVIOR
ABSTRACT CONSIDERATIONS FOR IMPLEMENTATION

OBJECTIVES, {investigate human capabilities in performance of SPACE FACILITY RESOURCES. Meosuremont equipmont, which
complex operator, maintenance, and sciontific investigator tasks in  includes TV cameros, video recorder, and lights, approximatoly 150 Ib,
space. 20 cu f1, 50 w during operation,

BACKGROUND. For time durations and space conditions exper- CREW. Involvament minimal since crow will be porforming normal
ienced on both USA and Sovict spaceflights, considorable knowl-  mission activitios while being observed as oxporimental subjocts.

edge regarding complex task behavior has been gamed. It can be
tentatively concluded that, with the exception of EVA tasks, almost
any task that man can perform on the ground can be performed in
space provided proper and adequate restraints are used.
RESEARCH DESCRIPTION. Repeated, procise measurement of
spaceflight tasks under operational conditions to determine RESEARCH SEQUENCING. No special considerations,

performance under extended spaceflight conditions, performance SUPPORTING TECHNOLOGY DEVELOPMENTS. Preflight psychomo-

changes over time, and performance differences among crewmen of  1or basoline measurements are required on tasks to be observed during
ditferent backgrounds and training. Task performance will be evalu- space operations

ated by using TV cameras, timers, biomedical instrumentation, and

crew logs and will include both IVA and EVA tasks. Paramoters to RESEARCH COMMONALITIES, This research clustor plus 1-BR-4,

be moasured are task time and error, physiological indices, and  1"MM-1. -2, 1-EE-1, .2, and 1-:0E-1 through -6 all roquire ebisorvations of
crewmen performing complex mission tasks. Data required for several of

subjective responses from crew regarding hardware adequacy and )
difficuities encountered. these research clusters can be obtained from obsorvation of one task,

DATA. Data include magnetic tape, cloctrical, and photographic film
cither telemetered to Earth or returnod for ground analysis.
OPERATIONS. impact on operations minimal since required special
activities inciude only turning measurement equipment on and off.

RESEARCH CLUSTER 1-BR-4—SKILL RETENTION

ABSTRACT

OBJECTIVES. Investigate acquisition and retention of critical
skills needed in extended spaceflight; identify those skills which
degrade in space and the time course of their degradation; and
discover ways of preventing such degradation. Evaluate procedures
and equipment for maintaining critical skills in space.

BACKGROUND. For extended spaceflight there is a gap in knowl-
edge regarding maintenance of proficiency for extended durations,
characteristics of any degradaticn which may occur, frequency with
which retraining should accur, and the form which such retraining
should take.

RESEARCH DESCRIPTION. Observe in-orbit crew performance
to determine skill degradation of two types: that which occurs
because of long-term disuse, and that which occurs gradually in
frequently used skills. Later rasearch will investigate techriques,
equipment, and procedures for preventing skili degradation. Measure
task time and error using onboard timers and video tape techniques,

CONSIDERATIONS FOR IMPLEMENTATION

SPACE FACILITY RESOURCES. Simulation facilitios roequired for those
skills which cannot be observed in operational mission tasks. Provision for
human centrifuge 1,720 Ib, 2,000 cu ft, 5,300-w peak power,

CREW. Experimental subjects, but in most coses also performing normal
mission activities, Centrifuge technician requiied.

DATA. One video channel (1.3 MHz) to relay TV image to ground, plus
one low-rate digital channel shared with other data.

OPERATIONS. Centrifuge operations raquire 3 control console manned
by a test administrator to operate and monito, ‘entrifuge and monitur
physiological condition of experimental subjocts.

RESEARCH SEQUENCING. Adaptive crew mix for tasks performed
frequentily and those performed infrequently. Tasks selected and scheduled
to take maximum advantage of time ovailable for detection of skill
degradation.

SUPPORTING TECHNOLOGY DEVELOPMENTS. Ground studies to
delineata the operational problems and hypotheses to be tested,

RESEARCH COMMONALITIES. Common observations with 1-BR-3,
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RESEARCH CLUSTER 1-BR-6-PERFORMANCE MEASUREMENT

ABSTRACY

OBJECTIVES. Evaluate activitigs, techniques, and equipment for
monitoring, measuring, and assessing human performanee in space.
Includes crow task performanco, psychologicol statos, crew inter-
action ond group procossos, and personality variablos.

BACKGROUND. Advanced diroct, indiroct, and subjoctivo
mothods of agssossing performance and hohavior have boon devel-
oped, but vorificotion in spaco of adeq. wcy of those techniquos is
necded .

RESEARCH DESCRIPTION. Initiate various advanced mogsure-
mont tocha'auos (0g., timo-lapse video, voico-record onolysig,
physiological i dices, instrumented hardware) to be used in human
resoarch in space. Close coordination required with each of the
human regearch oxperimont principal invostigators. A carefully
prepared plan of in-orbit dato segregation and accumulation will bo
worked out before cach flight. Analysis of the dato and evaluation
of the techniques will be done on the ground. To achiove moximum
volue, data-taking for some other experiments may have to bo modi-
fied to pormit simultancous uso of several promising measuroment
techmiques.

CONSIDERATIONS FOR IMPLEMENTATION
SPACE FACILITY RESOURCES. No special considerations,

CREW. Restricted to onbeard activity required to accumulote and
segregate dato reloted to effectiveness of performance measurement
techniques.

DATA. Dota will be that ordinarily coliected for other expenments, but
must be segregoted for assessment of performance measuremont
techniques,

OPERATIONS, No spociai considerations.
RESEARCH SEQUENCING, No special considerations.

SUPPORTING TECHNOLOGY DEVELOPMENTS. No additionol require-
ments are imposed boyond the requirements for measuremont technology
dovolopment identified in other research clustors.

RESEARCH COMMONALITIES. Measuromont technigues to be evaluated
will bo used in 1-8R-2, -3, and 4; 1-MM.1 through -6; 1-EE-1 ond -2, and
1-:0E-1 through 5.

RESEARCH CLUSTER 1-MM-1-CONTROLS AND DISPLAYS

ABSTRACT

OBJECTIVES. Accumulate insspaco human engincoring dota on
the interfaco between man and controls and displays, under condi-
tions of oxtended duration, welghtlessness, and artificiol gravity, to
verify opplicability «of ground-based human engincering design
principles to space.

BACKGROUND. Much groundbased human anginearing s
roquired on advanced display and control concepts. An extensive
evaluation program in spaco is needud to verify or reviso human
enginoering design criteria as they apply to spaceflight,

RESEARCH DESCRIPTION. Vorification of ground-based dosign
critoria accomplished through observation and crew evaluation
during oporational use of controls and displays. Controlled human
ongingering experiments also conducted at an experimental work
station. Task times, reaction times, and errors collected along with
subjective comments of flight crew. Data will generally be automat.
ically recorded, processed through the computer, and telometered to
Eorth for analysis,

CONSIDERATIONS FOR IMPLEMENTATION

SPACE FACILITY RESOURCES. Onboard computer console required for
programmed presentation of problems to oxporimental subjects. The
experimental work otation will weigh 780 lb, occupy o velume of
336 cu ft, and roquire 360-w averagoe power, 560-w peok powor.

CREW. At loast three crowmen will serve as experimontal subjocts during
each crew cycle, for o total of 120 30-min experiment sessions.

DATA. Time and error dota will be automatically recorded on magnetic
tape, time indoxed, and telemetered to Earth for analysis.

OPERATIONS. Periodic reconfiguration of experimental control/display
station. Onboard capability for extensive rotrofit of the work stotion and
logistics resupply of replacement controls and displays.

RESEARCH SEQUENCING. No spocial considorations.

SUPPORTING TECHNOLOGY DEVELOPMENTS. Computer hardware
and software dovelopment.

RESEARCH COMMONALITIES. The objectives of this research cluster
ond 1-BR-3 are complementary and may be achioved by evaluation of the
5amMe crewv tosks,

RESEARCH CLUSTER 1-MM-2—-LOCOMOTION AND RESTRAINT

ABSTRACT

OBJECTIVES. Obtain quoantitied in-spuce data on crow loco-
motion and rostraint techniques and equipment needed for design
requirements, procedures, and equipment evaluation.

BACKGROUND. Valuable experience in restraint and locomotion
devices has been gained in spaceflight to date, and additional data
will come from Skylab A experiment M-809. To fulfill the multiple
need of prolonged flight under zerog and partial-g conditions, addi-
tional space research is needed.

RESEARCH DESCRIPTION. Pretost on the ground and evaluate
in space carefully designed experimental tasks, using specific loco-
motion and restraint techniques and equipment. Using impact and
acceleration sensors, biomedical instrumentation, timers, and TV
cameras, collect data on energy expenditure, impact forces, accelerp-
tions generated, crew time, and difficulties encountered in using the
techniques and devices. Subjective evaluations by crewman will be
an important part of the data collected,

CONSIDERATIONS FOR IMPLEMENTATION

SPACE FACILITY RESOURCES. Equipment specifically designed for
this research cluster will weigh approximately 100 b and occupy approxi-
mately 64 cu ft. Electrical power will average 40 w.

CREW. Experimental subjects and ovaluators of techniques and
equipment,

DATA. Data generated will consist of written copy, magnetic tape, video
tape, and voice recordings transmitted to Earth for analysis,

OPERATIONS. Research includes both IVA and EVA tasks; spacecraft
operations may be curtailed or modified during some experiments,

RESEARCH SEQUENCING. Experniments should occur every 10 days
over a 3-year period; take advantage of periods of zero-g and artificiol-g;
and provide for experiments with advanced equipment and techniques.

SUPPORTING TECHNOLOGY DEVELOPMENTS. Portable metabolic
analyzer, on-body accelerometers, and ground simulation of research tasks.

RESEARCH COMMONALITIE!. None.
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RESEARCH CLUSTER 1.MM-3-HABITABILITY

ABSTRACT

OBJECTIVES. Obtoin spage veritication of ground-dovoleped
dosign criterio for spaco-vehiclo architecturo, naviranmont, mobility,
food ond water managoment, porsenal hygiono, housokeoping, and
off-duty focititigs.

BACKGROUND. Gurront knowledgo based on ground simulations
and short-durotion mannod spacofiights. Agtuol spacof light gtrosses
on habitsbitity dosign require verification undor real conditions of
extendod spacoflight,

RESEARCH DESCRIPTION. Moasuromonts mado whilo crowmon
perform normal getivitios to doterming offocts of habitabitity
foaturos on physieal hoaith ond work officioncy. Subjoctive crow
ovaluations of habitabllity featuros olicited. Advaneed concopts feor
broviding rocontigurablo intoriors ovaluated for thoir need, ado-
Quacy, ond erow roaction, Phygical hoalth dato collocted with
biomedical Instrumentation. Moat othor dato will be dorived by
timo-lapso video and crewman rosponsos to habitabitity quostion.
naireg,

CONSIDERATIONS FOR IMPLEMENTATION

SPACE FACILITY RESOURCES, Measuromont and recerding equipmont
plus equipment for reconfiguring intoriors 126 th, 7.0 cu ft, 00 w average
power,

CREW. Each creeyman will respond 1o o habitability quostionnaire ovory
10 days, requiring 180 min per crowman per 00-day cyclo,

DATA. Written copy, magnotic tapo, and electricol dato rcquiring one
low-roto {600 bitsec) digitol and ene anatog (1.3 10 3.0 MM2) channol,
tolemeotered 10 ground for analysis. Biomedieal dota from roloted oxpori.
monts requlire segregation for use in this rescarch,

OPERATIONS. No intorforonce with doity routine oporations. Measure-
ment equipmont sharcd with other oxperiments. Logistics rosupply must
accommodate ning 2,400-11 rolls of magnotic tape each 90 days.
RESEARCH SEQUENCING. No spocial considerations.

SUPPORTING TECHNOLOGY OEVELOPMENTS. Ground simulation to
porfect techniguoes and proceduros,

RESEARCH COMMONALITIES. Identical doto on crow hoalth are
required in soveral biomedico! rosparch clusters,

RESEARCH CLUSTER 1-MM-4-WORK-REST-SLEEP CYCLES

ABSTRACT

OBJECTIVES. Dotorming offocts of extondod spacoflight on
circadian rhythmg, sloop behavior, reastion to omorgencios whon
awakened from sicop, and optimum scheduling of work, rest, ond
sloep poriods,

BACKGROUND. Ground-bascd rosoarch on cireadion rhythms and
work.rost cyclos, olong with oxperionce accumulated in monnod
soaceflight providos a starting point for this rosoarch,

RESEARCH DESCRIPTION. Continuing long-range effort using
difforent types of vehiclos, crows of difforont sizes and composition,
and under differont migsion conditions. Rocord, on a non.
interfarence basis, data on circadion rhvthms, longth and dopth of
tleop, work efficiency under diffaront work-rost schedules, and crow
responges to emergencies when awakened from sleop. Colloct data
on circadian changes in biomedical ond behavioral indicators such as
cardiovascular activity, body temporature, metabolic rate, blood
chemistry, fatigue, level of attention and congentration, and work
officioncy. Sloop data will includo EEG recording and cubjective
responses of crewmen.

CONSIDERATIONS FOR IMPLEMENTATION

SPACE FACILITY RESOURCES, Measuroment ecquipmont, chared with
othor bohaviersl and tiomedical oxperimonts, GO fb, 2.6 cu f1, 100w
avorago,

CREW. Crow sorvo as oxporimentol subjocts while porforming normal
activitios, No spocial skl requiremonts.

DATA, Biwmedical data, TV tape, and crow voice togs, procossod ond
coltated onboard for transmission to ground for detailed analysis.

OPERATIONS. Floxible oporational schedule to vory work rost-sleep
cyclos. Safoty montoring necessory during crew response to emorgency
tosting.

RESEARCH SEQUENCING, Adaptive scheduling must consigor multiple
uso of measuremont equipment by different experiments. Sloop moasury-
ments will be scheduled proflight, carly, midway, and tate in each crow
cycle.

SUPPORTING TECHNOLOGY DEVELOPMENTS. Analytic ground
rosearch to identify emergency tasks.

RESEARCH COMMONALITIES. Equipment and dato sharod with
1-8R-3,

RESEARCH CLUSTER 1.MM-5—PERFORMANCE AIDS

ABSTRACT

OBJECTIVES. Acquire in-space data on mon-machine inwerfaco,
human capabilitios, and design criteria for tools, remote manipu-
lators, optical aids, and job aids.

BACKGROUND. Considorabie ground rossarch hag been done on
Space tools, remote manipulators, and computergencrated job aids
by varlous governmental and industrial resoarchers, but optical aids
for enhancing man‘s visual capabilitios in space have received little
attention,

RESEARCH DESCFIPTION. Research activities dividded into four
subgroups. ‘2o0ls, remote manmipulators, optical aids, and job aids.
Individual experiments over several years of spacefhght, changing as
advanced aids become available. Obsorvations generally made as
crewmen use performance aids 1n normal mission tasks, but simu-
lated tasks used where necessary. Data collected on task times and
orrors, accuracy, energy expenditure, forces, torques, and diffs-
culties encountered, by using instrumented task boards, timers, TV
cameras, and crew logs as measurement devices.

CONSIDERATIONS FOR IMPLEMENTATION

SPACE FACILITY RESOURCES. Task boards, remote manipulators,
other performance ads, ond measurement  cquipment approximately
300 ib, 200 cu ft, 360 w,

CREW. Approximatoly 1,000 hr over five-year period.

DATA. Data wilt consist of magnotic tape, TV film, and voice; one anatog
channel for video and 21 to 256 digital channols for measurements from
instrumented hardware

OPERATIONS. For some optical aids experiments, spacecraft must be
over ground truth gites,

RESEARCH SEQUENCING. No special considerations.

SUPPORTING TECHNOLOGY DEVELOPMENTS. Univorsal, flexible
task boards which can be reconfigured in space and used for o variety of
oxperiments, tool selection program for powered ond unpowered tools;
space-qualified bilateral master/slave remote manipulator; optical aids for
Earth visual surveys.

RESEARCH COMMONALITIES. Common dota requirements with
1-8R-3.
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RESEARCH CLUSTER 1-L5.1-PHASE CHANGE AND THERMAL PROCESSES

ABETRACT

OBJECTIVES. Gain basie knowledge of phowe separation and
bolling heat transfer In weightlossnoss, to improve the design of
advanced life suppert systems.

BACKGROUND. Lito suppert systoms dosigns for extended space
oporations rely upor converting erew waste to usoful commaodities.
Condidate spproaches convort iquig to gas by boiling heat transter.
Suberitical cryogenic-otmosphore storoge requires Hquid-to-gas phase
¢chango in heat oxchangor by bolling heat transter. Sotid emine €O,
control concept consists of absorption bods regencrated by steam
gonerated by boiling heoat transfor. Currently, 1 g oxtropolation is
insufficiont to dosign efficient zero g hardware confidently,

REEEARCH DESCRIPTION. Study inciplont ond nueleato boilirng
by heating typical surfaces {platos, spheres, cylinders) in o liquid
tank. Vary orientations, heat flux, pressure, and low-g forees,
Dynomies of bubble sizo, growth rote, and velocity obsorved with
high-spoed TV and comeras through tank ports,

CONSIDERATIONS FOR IMPLEMENTATION
SPACE FACILITY REBOURCES, Electrical power (peak 1,600 w [10%],
average 200 w). Cylindrical plexiglas tank, cameras (TV and film), various
typical surfaces, recording and display equipment,
CREW. Engincering skill required to set up test surfaces, monitor
instrumentation, and operate controls. Understanding of boiling phenom-.
enon and research cluster objectives required.
DATA. Film or video magnetic tape, Voice annotations of observations.
Onhoard processing and viewing of filmed observations desirable.

OPERATIONS. Controlied low-g forces for short periods. Transiont
random accelerations above 10‘00 not permitted during data run.

RESEARCH SEQUENCING. Control reforence in 19 for comparison
with space dato.

SUPPORTING TECHNOLOGY DEVELOPMENTS, Fiuid physics appo-
ratus, zero-g condenser, biolling and condensing steam,

RESEARCH COMMONALITIES, Dawo applicable to research clusters
1-L8-3, 4, and -7, Common objectives with 4.p/C.-3,

RESEARCH CLUSTER 1-LS-2-MATERIAL TRANSPORT PROCESSES

ABSTRACT

OBJECTIVES. Obtain empirical data concerning condensing hoat
transfor and fluwd dynamics in zero aravity,

BACKGROUND. Dosign of advonced tifo support systoms for
long-duration spacetlight to o large extont involves matorial trang.
port processes. Steam-desorbied resin, o condidate for CO; romovat,
relies on hot stoam to degorb the beds. To design o z0ro g condensor-
Separator, ompirical data is needed to supptemont theory. Curront
thoory dorived for the 19 environment moy roquire revigion for
Zero- or partial-g applications.

RESEARCH DESCRIPTION. Pass condensable fluid, heated to the
8as vapor stage, through glass condonming tubes. Instrumentation
will include TV monitoring and high-spoed film recording of the
condonsing process. Evaluate local and moan condensing hoat-
transfer coefficients, prossuro drops. Variablos to be monitored
include tomperatures, pressuros, flow rates, and power. Repeat for
various lovels of vehiclo acceleration, Record flow instability and
vapor/liquid flow distribution.

CONSIDERATIONS FOR IMPLEMENTATION

SPACE FACILITY RESOURCES. Elcctrical power 1,600 w, Fluid tonk
and condensor cameras (TV and film), sensing instrumentation, and
metering equipment,

CREW. Engincor skills, to sot up oand adjust boilor and condonsor
eaquipment, monitor test runs, and analyze rosults,

DATA. Film and video magnotic tape. Voice annotation of observations.
Onboard processing and viowing of fitlm doto,

OPERATIONS. Produce various low-g forces for short periods. Random
accolorations not permitted during date run. Return to stoady-stote
condition reyuired botweon cach programmed sot of varioblos.

RESEARCH BEQUENCING. No speciol considorations,

SUPPORTING TECHNOLOGY DEVELOPMENTS, Filuid physics equip-
ment dovelopment and tost routines, Negative pressure dovice,

RESEARCH COMMONALITIES., Dota apphicable to 1-L8-3, -4, -7, and
-10. Common objectives with 4.P/C-2.

RESEARCH CLUSTER 1-L5-3—-ATMOSPHERE SUPPLY PROCESSES

ABSTRACT

OBJECTIVES. Determine the most effoctive mothods for cpace-
craft atmosphaie storage and processing in an integrated spacecraft
life support system,

BACKGROUND. To reduce the supply and rosupply weight of
oxpendables, it is necossary to closo the loop by recovering as much
oxygen as possible from CO, and wator. Various methods (Sabatier,
Bosch, and components of the molten carbonate and sohd oloctro-
Ivte systoms) have been doveloped and tested on Earth. Final selec-
tion must be made in the opoerational weightloss environment.

RESEARCH DESCRIPTION. Perform comparative functional tests
on three or more life support unity, each containing a complete
atmosphere supply process. Stored CO, and H; are fed to the units
at controlled mixture ratios while products of reaction oro collected
and analyzed. Measurements will also include requirements for elec:
tric power, heating and cooling, and maintenance. Test ECand LS
devices operate through one crew cycle gach.

CONSIDERATIONS FOR IMPLEMENTATION

SPACE FACILITY RESOURCES. Requires gas supply of CO3 and Hj,
Electrical power 1,000 w. Units for test (Sabatier, Bosch, molten carbon-
ate), plus storage tanks, heat exchangors, purging apparotus, goges and
controls, and recording and disploy equipment.

CREW. Enpineor with knowledge of tifo support system operation and
familiarity with the tost equipment, to configure equipment, adjust
controls, and monitor results.

DATA, Automoted units with continuous crow monitoring. On-coll
readout of doto output,

OPERATIONS. Sofety system for control in ovent of test faiture.
RESEARCH SEQUENCING. Prelaunch quolification test of units in
ground simulator,

SUPPORTING TECHNOLOGY DEVELOPMENTS. Research in rolated
matorials, catalysts, zero-g condensation, boiling, and zero.g two-phase
liquid-vapor separation.

RESEARCH COMMONALITIES. Dot applicable to 1-LS.6, -7, and -12.

64



R

A

e e TR -

'c

RESEARCH CLUSTER 1:LS-4-WATER MANAGEMENT

ABSTRACT

OBJECTIVES. Tost and ovaluate, i the CPACC OMVIrOnmot,
vanous techmues and hardwaro accoeciated with the storeno, procor
vation, and roclamation of wator for manned wpacecrsit

BACKGROUND. Soveral tochnmues havo beon tosted on Earth but
roquire fhght tast Pastounzation is 9 promusing systom for growrva
tion Reclamation processes involve mombrang filtration and phaco
change procosses, among othors A evaporation for zorog opora
tion hag beon tested on the ground, as has o vapor pyrolysis sy gtom
A vacuum distifation vapor filtration techitque has been domon
strated, but dewgn and tosting are requuod for 2010 OpOroton,

RESEARCH DESCRIPTION. Functional capabihitios of various
miot unity using difforent approaches will be tosted epaco. Unitg
will bo tod with biowastes and wash water diverted from tho baco
hne systom, and tho rocovored H:0 and gazos will be collected and
analyzed  Measuromonts include water and a5 chormical contomt
analysis, mucrotial tests, and crew reaction Test unit operation and
data acqustion will be automated

CONSIDERATIONS FOR IMPLEMENTATION

SPACE FACILITY RESOURCES. Equipmont wetght 16 400 th, voiume
20 cu ht, olectrical power 700 w, with ingtrumonted toncarg on hine

CREW. Engincor famihar vath  water recovory  umt oporotion ang

maintonanco, 10 octivate recovory and wotor systom un tosts, monitor
sonsors and gages, ond porform minor sifjustmonts and mamntenanco.

DATA, Automated dota output of parameters on magnatic tope Voo
annototion.

OPERATIONS. No special considorations. Atqor tetup and activation,
momitoring and mmntonance ot 10% of astronaut imo At teast fivo doys of
oporation per test cyclo,

RESEARCH SEQUENCING, No tpociol considorations, «thor than con-
vemont diverting of spacccroft oporational water system. “Yreofhiaht mimulip
tion tosting of units dosired in integrated hife support systeir,,

SUPPORTING TECHNOLOGY DEVELOPMENTS. Study of mass hand!:
ing, phaso change, gasihquid;sohd soporation in 2ero-g, ond oucrotyal
datoction and supprossion,

RESEARCH COMMONALITIES. Dot apphcable to 1-L5-9 and 12

RESEARCH CLUSTER 1.LS-5~WATER ELECTROLYSIS

ABSTRACT

OBJECTIVES. Tost and evaluate varnous systems to obtain design
data for the electrolysis of water a8 a source of oxygen, 1n the
weightiess environment

BACKGROUND. Rucovery of oxygen fram CO, and water will
roduce consumable storage requiremonts Current  process
spproaches 1o electrolysis of water (asbestos matnix KOH vapor
feed, sulfunie acid/water vapor cell, absorbent KOH matrix, solid
polymer electrolysis cell) require testing and evaluating subsystems
angd components in woightlessnoss

RESEARCH DESCRIPTION. Evaluate functioning of three or
more advanced water olectrolysis test units Units are ossentially
dutomated closed systoms. Data 10 be gathered include water use
rate, heat rejection rate, gas composition, gas contamination,
tomperature, ond pressure. Porformance measurements include
requiremunts for electric power, heasting and c¢ooling, and mainte
nance. Oxygen generated will be returned to spacecraft system, and
the H; used for hife support processing requirements.

CONSIDERATIONS FOR IMPLEMENTATION

S8PACE FACILITY RESOURCES. Estimated waight of umits under test,
450 1b Occupy 48 cu ft Electrical power 700 w. thermal output 300 w
Oxygen and hydrogoen fas0s returned 1o spacecraft system. Gas contaming
tion mass spectrograph, gas chromategraph. and 6zone meter

CREW. Engineer fanubar with test ymt operation o Maintenance, 1o
momitor data results and perfonin analyses

DATA. Automated, approximately 60 data channels, for magnetic tape
Voice annotations and visual displays

OPERATIONS, No special considerations Collectod H2 stored and added
1o baseline waste collection system. Stable voltage and current during tests

RESEARCH SEQUENCING. No spectal considerations Gas analysis run
poriodicatty

SUPPORTING TECHNOLOGY DEVELOPMENTS. Requires rosearch
two-phase flow separation and condensation n 2erog, and improved
electrode and separator tife. Water electrolysis test unit

RESEARCH COMMONALITIES. Data apphicable 10 1 LS.3, -9, and 12

RESEARCH CLUSTER 1-LS-6—FOOD MANAGEMENT AND PROCESSES

ABSTRACT

OBJECTIVES., Evaluste various methods of food storage,
pracessing, anvd regengration in the waightiess environment

BACKGROUND. Only short duration spaceflight test data on o
few storage tochmigues are avalable. Data required on long term
crew response and subsystem impact. Regeneration methods to b
developed include edible fat synthesis. Work nn Hydrogenomanas
tutropha, hydrogen fixing bacteria, halted because of poisoning of
test rats. Another fond regeneration process should replace research
in this cluster f this process development is not continuous

RESEARCH DESCRIPTION. Test food storage methods including
treezo dried, frozen, and :rradiated Ohtain data on palatamhty,
enurgy storage, and water storage requirements. Test food regener-
ation processes including chenmical synihesis via the glycerol process,
photosynthests from Iwing plant cells, and biochemicel reactions by
such hydrogen fixing bactera as Hydrogenomonas eutropha. Data
1o be collected include requirements for power, thermal onergy,
efficiencies, and chemical and microbial water potability analysis.

CONSIDERATIONS FOR IMPLEMENTATION

SPACE FACILITY RESOURCES. For food regencration, tost unit
estimated 1,700 b, 100 cu ft, 6,000 w Food storage depends on crew
requirements, estimated ot 2,500 1b, 100 cu f1, and 1,000 w  Mydro
genomornis  mixing chamber, H20 distitlation umt, electrolysis umt,
incingrator, and analysis equipment.

CREW. Engincer familiar with test unnt operation and maintenance
Evaluate tost data.

DATA. Automated data on magnetic tape End product samples saved for
analysis

OPERATIONS. Complex process precludes interruption during test cycle
Intial tests must await accumulation of biowaste Some system nrocesses
firovity sensitive.

RESEARCH SEQUENCING. No special considerations

SUPPORTING TECHNOLOGY DEVELOPMENTS. Integration
Hydrogenomonas eutropha  system  components Evaluate Hydroge
nomonas eutropha process in simulation prior to flight

RESEARCH COMMONALITIES. Data applicable to 1 LS 9 and 1?2
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RESEARCH CLUSTER 1-LS-7-ATMOSPHERE PURIFICATION METHODS

ABSTRACT

OBJECTIVES. Test and evaluate the operation and of tectiveness i
the weightless environmont of various mothods of atmosphere
punification for manned spacecraft,

BACKGROUND. Removal of €O, from spacecraft atmosphere is
Prime activity. Systems are considered which remove and concen-
trate CO, for procossing by oxygen recovery systoms. Methods
currently under development include electrodialysis, solid amines,
molecular sieves. hguid absorption, and carbonation cells. Sohid
amine and molecular siove have been tosted i manned simulators.
Eloctrochemical carbonation cell 1s promising and in aurly stages of
developmeint

RESEARCH DESCRIPTION, Tust several CO, concontrator
systems, using cabwn ar introduced into test units, and colect and
analyze resulting effluents. Data gathered include hquid and gay
flows, chenucal analysis of liquids and Jases, temperatures, electric
power, and heating and cooling requirements. Performance of gach
candidate system evatuated for o viriety of test conditions.

CONSIDERATIONS FOR IMPLEMENTATION

SPACE FACILITY RESOURCES. Advanced CO2 units undor test, 300 I,
20 cu 11, 400 w. Vacuum pump, electric power regulation system, cabin.oir
blowor, and associated motening equipmoent for CRT display and recording.

CREW. Engincor with tharough knowledge of units under tost Assess,
adjust, and repair system, including data evaluation,

DATA. Automated data coliection an magnetic tape. Sample data
displayed ot console on CRT.

OPERATIONS. Possible mpact on oporstion of basoline system, which
will not operate at maximum capacity duning tests due to bypassed cabin
air. Test cycle over 90-day period for each system,

RESEARCH SEQUENCING. Continuous data review for first 24 br, then
ong sample per hour,

SUPPORTING TECHNOLOGY DEVELOPMENTS, Investigations  re
quired in areas of ro-g boiting und condonsing, zero-g hiquid-vapor
soparation, and 20r0-g mass trunsport. Automated instrumentation for
sample analysis,

RESEARCH COMMONALITIES. Data ipplicable to 1-LS-3 and 12,

RESEARCH CLUSTER 1-LS-8—-MONITORING AND CONTROL

ABSTRACT

OBJECTIVES. Estabhsh requirements and recinology for auto
mated monitoring and control of e support systems in manned
spacecraft.

BACKGROUND. Expuorience with integrated life support systems
N manned simutator programs has shown that excussive crow time s
required for the manual momitoning, control, and adjustment of life
support system operation. Recent studies by the NASA have
examined diagnostic computer programs for aquiIring subsystem
data, comparing with selected values for out.of tolerance, activating
controllers, fault solation, and display .

RESEARCH DESCRIPTION. Onboard evaluation of automated
data management system console Contains the monitoring, con
trols, displays, storage, and telnmetering functions at varying levels
of automation. The mital system will control the iife support
system at a primitive level with significant crew manuat involve
ment. Acquisition and comparison functions gradually merged with
the reduction and command functions to bring crew participation to
a minimum. Crew will observe at console all sensed dota from life
support subsystems and adjust operating parameters,

CONSIDERATIONS FOR IMPLEMENTATION

SPACE FACILITY RESOURCES. Life support dota managemont systems
1,500 1b, 26 cu ft, 2,000 w, Includes data console display and recording
with computer interface,

CREW. Enginoering background and familianty with the life support
SYStom opuerations, to monitor data output, aperate controls, and observe
system capabilities at successive complexity levels,

DATA. Racorded and displayed sensed dota from Jife support system fed

to data management system, Crow will monitor output, note and evaluote
performance, and respond to equipment control requirements.

OPERATIONS. Mission duration, Introduce automated comtrol and
monitoring functions progressively,

RESEARCH SEQUENCING. Crow harticipation will gradually decroase as
automated control capability is demonstrated,

SUPPORTING TECHNOLOGY DEVELOPMENTS. Data management
methods, automated water potabihity measurements, and display/control/
computer capabilities.

RESEARCH COMMONALITIES. Lite support subsystems in 1.1.S( )
SOrigs.

RESEARCH CLUSTER 1.

ABSTRACT

OBJECTIVES, Test and evaluate, in the weightioss environment,
various methods for biowaste collection, handhing, and disposal in
manned spacecraft

BACKGROUND. Spacefhights to date have employed the bag-and-
stow method of waste management. Advanced methods 1o be tested
nclude vacuum dry rg, vapor compression, and incineration. The
wet oxidation method shows promise but is still in feasibitity
demonstration phase,

RESEARCH DESCRIPTION. Activate various test systoms in place
of the spacecraft baseline system, Operation monitored and adjusted
by crew. Data collected on system operation include mass flows,
thermal flows, and power requirements for durations up to full crew
cycle Samples of effluents analyzed for water potabitity, bacteria,
radiation level, and chemical constituents. Crew use of waste
collection facility recorded by camera. Waste treatment and water
recovery systems essentially automatic.,

LS-9-WASTE MANAGEMENT

CONSIDERATIONS FOR IMPLEMENTATION
SPACE FACILITY RESOURCES. Test systorms power and thermal loads
will replace baseline systom requiremonts. Test system 900 i, 100 cu ft,
500 w. Commode and aninal, phase separators, pyrolysis and incinoration
chambaers, condensers, compressors, and associted hardware for control,
recording, and display,

CREW. Engineering background and familiarity with operation of systems
under test, schedule replacement of screens and filters, and perform
routine maintenance and repair

DATA. Actomated data on magnetic tape. Solid byproducts samples to be
returned,

OPERATIONS. Radiation shielding and monitoring of radwisotope
(RITE) tost system, Up to 90-day test period for each systom boing
evaluated,

RESEARCH SEQUENCING. No special considerations.

SUPPORTING TECHNOLOGY DEVELOPMENTS, Zero-g phase separa-
tion; waste management systems concepts,

RESEARCH COMMONALITIES. Data applicablo to 1-L.S-4 and -12.
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RESEARCH CLUSTER 1.-LS-10-HEAT-TRANSPORT EQUIPMENT

ABSTRACT

OBJECTIVES. Tost and ovaluato various components and circuits
for the transport of thormal encrgy in o spacecroft environmont.
Achieve optimum dosign with respect to weight, volume, powor, and
reliabllity.

BACKGROUND. Providing a long-term habitable area involvos
thermal control by transporting source hoat to thermal sinks, air
circuits for crew comfort, waste heat circuits, and coolant foops,
Procossos involved include thermal conduction, forced convection,
radiotion, condensing, and evaporation or bolling procosses in two.
phase flow, Curront approachos suffer o weight penalty, Two-phaso
condensation flow in zerog would permit the design of lighter-
weight radiators and hoat-transfer circuits,

RESEARCH DESCRIPTION. Obtain performance data on hoot-
transport equipment, single loops, and integrated loops. Basic hard-
ware and components will be interconnected inio loops of
increasing complexity, Test active and passive thermal control
techniques. Parameters to be measured include temporatures, fluid
flow, prossures, molisture content, heat-transfer ratos, and power,

CONSIDERATIONS FOR IMPLEMENTATION

SPACE FACILITY RESOURCES, Heat-transport test unit weight 700 b,
volume 40 cu ft, electrical power 1,000 w, Includes insulation, radiative
surfaces, condensers, etc., instruments for metering, recording, and display,

CREW. Engineer skilled in test unit operation and maintenance, to start,
switch aver, and shut down test, monitor operations, and ossess tust data.

DATA, Automated data recorded on magnetic tape and visual disploys,
with optional manual override,

OPERATIONS. Tests may bo interrupted ond restarted. Fourteen-day
continuous monitoring,

RESEARCH SEQUENCING, Components inserted into heat-tronsport
loop to replaco baseling system,

SUPPORTING TECHNOLOGY DEVELOPMENTS, Multiphaso flow
phenomena in steady and transien? conditions and zero-g condenser.,

RESEARCH COMMONALITIES. Data applicable to 1-LS-8 and -12,

RESEARCH CLUSTER 1-LS-11-CREW EQUIPMENT AND PROTECTIVE SYSTEMS

ABSTRACT

OBJECTIVES. Evaluate in the weightless environment the require-
ments for and techniques of the detection and control of conditions
which are hazardous to the crew, such as fire : ‘mperature extremes,
biological and atmospheric contaminants, fluid spills, radiation, and
hazards caused by space vacuum and matgoroids,

BACKGROUND. Fire detection systems such as infrared and ultra-
violet sensors, smoke mlarms, and condensation nuclei counter are
being developed for space. Fire suppression techniques such as CO,,
halocarbons, inert flooding, and atmosphere dump are being
investigated. Similarly, various techniques for detection and repair
of leaks, and radiation detectors are being investigated, A variety of
spacesuit designs exists and now ones are being investigated. Final
evaluation of these efforts requires testing in space.

RESEARCH DESCRIPTION. Conduct research activitios in a
hazard-controlled area of the space laboratory. Fire detection and
suppression tested in bell fars. Traovr fluid spill detection ang
control conducted on lange volumetric scale. Spacesuits evaluated
Jnder test and operational conditions,

CONSIDERATIONS FOR IMPLEMENTATION
SPACE FACILITY RESOURCES, Separate and self-contained isolated
test aren roquired, 10 x 10 x 10 ft. Maximum power 500 w, Leak dotec-
tors, fire extinguisher, spacesuits, otc,, to simulato hazards under controlled
conditions. Includes recording comeras (TV and tilm) and recorders with
displays.
CREW. Engincers famitiar with research activities and data evaluation, to
control tests closely and assess sofety hazards.
DATA. Video and film. Includes tested spacesuits, etc, (Information
goined from tests will be immediately useful.) Voice annotations on
magnetic tape,
OPERATIONS. Isolated and controlled. Spacesuit testing to include
EVA. Noninterference with spacecraft baseline systoms,

RESEARCH SEQUENCING. No special considerations other than emer-
gency procedures for crew protection,.

SUPPORTING TECHNOLOGY DEVELOPMENTS. Contaminant-proof
environment control and life support system; improved EVA suits.

RESEARCH COMMONALITIES. Dota applicable to 1-1S-7, -8, and -12,
Some oquipment commonality with 4-P/C-1 and 4.

RESEARCH CLUSTER 1-LS-12-MAINTENANCE AND REPAIR

ABSTRACT

OBJECTIVES. Determine under operating conditions in the space
environment the requirements for and optimum methods of mainte.
nance, repair, and retrofit of life support systems,

BACKGROUND. Maintenance and repair techniques of systems
and components have been examined in manned simulators. Final
designs and maintenance and repair methods will depend upon
constraints imposed on crew tasks by weightlessness .and on the
development of task aids techniques for spillage control, Final
evaluation of techniques must be performed by man in the weight-
less environment,

RESEARCH DESCRIPTION. Parform routine system maintenance
and task boards to observe times and degree of difficulty in disas-
sembly, repair, and reassembly of electrical, mechanical, and fluid
transmission elements of typical failed system. Annotate 'insched-
uled maintenance requirements in detail. Television and film
manitoring of maintenance operations. Examples of testing to
include valve signatures via pump performance, and temperature
SENSOT responses,

CONSIDERATIONS FOR IMPLEMENTATION

SPACE FACILITY RESOURCES. Workshop area containing maintenance
task board, electric power sources, fluid locks, diagnostic eguipment,
zero-g hold-down equipment, and recording and display devices.

CREW. Engineers skilled in diagnosis of failures, maintenance and repair
techniques, and data gathering,

DATA. Al modes of recording and display. Data obtained from tests
immediately applicable. Voice annotations on magnetic tape.

OPERATIONS. No special considerations, other than following main-
tainability procedures on advanced system components,

RESEARCH SEQUENCING. No special considerations. Task board and
site operational maintenance subjected to time and motion analysis,

SUPPORTING TECHNOLOGY DEVELOPMENTS. Aids to man's per-
formance in maintenance and repair (see research cluster 1-MM-5),

RESEARCH COMMONALITIES. Data applicable to all research clusters
in 1-LS-( ) series and for 1-BR-3, 1-MM.5, and 1-OE-2.
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RESEARCH CLUSTER 1-EE-1-DATA MANAGEMENT

ABSTRACT

OBJECTIVES. Evaluate data management hardware and crew
procedures in space for in-orbit processing, storage, retrioval, and
display of oxperimental data to identify human engineering dosign
criteria, improved procedures, and soloction and training require:
monts.

BACKGROUND. Optimum use of man's capabilities in space and
the huge amounts of data to be coliected demand greater crew
participation in data handling, which dictates dovelopment and test
of advanced equipment, techniques, and procodures.

RESEARCH DESCRIPTION. Data management procedures
doveloped in ground simulation will be verified in space by having
croewmen perform data processing, evaluation, editing, storoge, and
retrievil using advanced hardware and procedures with selected
exporimental data generated by othor exporiments. Adequacy of
equipment and procedures will be measured by examination of the
resultant products, by automated computer scoring techniques, and
by analysis of crew comments. Considerable ground-based develop-
ment and experimentation wili precede the inflight research,

CONSIDERATIONS FOR IMPLEMENTATION

SPACE FACILITY RESOURCES., Onboard film processing, photo en-
largoment, and microfitming facilities are required.

CREW. Full crew participation. Evaluntion will involve throe to four
manhours per week throughout the four-year rescarch program,

DATA. Photographic film, magnesic tope, crow logs (tape recorded), and
computer printouts roturncd to Earth for dotailed analysis,

OPERATIONS. No spocial considerations.

RESEARCH SEQUENCING. Rescarch activitios must be sequenced to
coordinate with availability of data from other reseorch clusters.
SUPPORTING TECHNOLOGY DEVELOPMENTS. None.

RESEARCH COMMONALIFIES. Correlation required with other research
disciplines such as Eorth Observations whoso dota wili be handied, ond with
1-0E -5, which is concerned with doto management oporotions,

RESEARCH CLUSTER 1-EE-2-STRUCTURES

ABSTRACT

OBJECTIVES. Obtuin in-orbit design data on the dynamic charac-
teristics of advanced structural concepts, including deployable,
expandable, extendable, and rotating structures of the type used in
solar coll arrays, large antennas, extendable booms, and expandable
tunnols, airlocks, and sheltore.,

BACKGROUND. In-space design data are noeded on mechanisms
for deploying structures, large-diameter dynamic space seals, lubri-
cant stabidity, thermal control, stowage and packaging, and rigid-
ization requirements for advanced structures.

RESEARCH DESCRIPTION. Monitor the operating parametors
for (1) mechanisms required for daployment of large structures,
{2) prototype oxpandable airlocks, tunnels, or experiment bays, and
(3} extendable booms for positioning various sensors. Parameters
include temperature, pressure, voltages, currents, spesds of rotating
machinery, dimensions of deployed and retracted structures, and
crew performance in interfacing with structures. Measurement
methods use visual observations, TV cameras, and manual sampling
of tubricant.

CONSIDERATIONS FOR IMPLEMENTATION

SPACE FACILITY RESOURCES, Spacecraflt must accommaodate expor-
mental structures in stowed conditton and provide for deployment of each
structure, which may involve penetrations of the vehicle shall, Viewing
ports are required. Typical experiment olectricol power 550 w average,
1,000 w peak.

CREW. Crowmen will act as experimental subjects and as observers.

DATA. Visual observations annotated on magnetic tape, TV vidicon, and
film troansmitted to Earth for ground analysis.

OPERATIONS. Logistics resupply requirements include shipment of
advanced structures to orbit end return of obsolete structures. EVA
activity is required for some expandable structures to be tested.
RESEARCH SEQUENCING. No special considerations, excopt as dictated
by operational test procgdures,

SUPPORTING TECHNOLOGY DEVELOPMENTS. None.

RESEARCH COMMONALITIES, Rnsn})rch dota on crew capabilities can
be used to partiatly fulfill requirements of 1-8R-3. Structures research can
be combined with some aspects of 1-0E-3, and with 6-TF-1,

RESFARCH CLUSTER 1-EE-3-STABILIZATION AND CONTROL

ABSTRACT

OBJECTIVES. Acquire in-space enginoering design  and crew
performance data on advancod stabilization and control systems.

BACKGROUND. Skylab A experiments and operations will con-
tribute valuable information in this area, particularly with regard to
crew motion disturbances and parformance of control moment
gyros, Additional in-space effort beyond Skylab A is roquired,

RESEARCH DESCRIPTION. Activities involve drift mgasurement
of gyroscopic attitude controls, disturbance torque measurements,
and biowaste electric propulsion. Gyro drift measurements using
gyros in detached modules with data transmitted to manned
spacecraft, Acceleration disturbances from various sources measurod
by accelerometors mounted in spacecraft, Data fed to computer for
analysis, Biow ste electric propulsion system, using gases from life
support methane Sabatior system, tested to evaluate thruster
materials, waste collection, conditioning, and feeding and operating
paramoters, Measurement and recording of operating parameter data
automated. Data on crew performance obtained from crew
comments,

CONSIDERATIONS FOR IMPLEMENTATION

SPACE FACILITY RESOURCES, Facitity must provide for remote
module deployment, retrieval, docking, access to module while docked,
and remote monitoring of experiment. Biowaste propulsion experiment
200 ib, 50 cu ft, 325 w.

CREW. High-level engineering sk Jis required for intermediate assessment
of data quality and necessary modifications as axperiments progress.

DATA. Attitude, acceleration, system status, and voice data produced,
displayed onboard, and transmitted to Earth for detailed analysis, Gas
samples analyzed onboard for propeliant composition,

OPERATIONS. Remote module operations accommodate drift measure-
ment experiments on noninterference basis, Station-keeping operations
augmented by biowaste electric  propulsion experiment during its
operation,

RESEARCH SEQUENCING. Disturbance torque moasurement experi-
ments sequenced to coincide with routine disturbances, such as docking,

SUPPORTING TECHNOLOGY DEVELOPMENTS. Development and
around test of flighi-rated biowaste resistojet.
RESEARCH COMMONALITIES. None.
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RESEARCH CLUSTER 1-EE-4-NAVIGATION AND GUIDANCE

ABSTRACT

OBJECTIVES. Evatuate hardware concepts and the man-machine
mterface for advanced navigation and guidonce systems. Qualify
navigation  and guidance equipment for long-duration manned
spacefhght and determune man‘s potential contribution to its
offectiveness,

BACKGROUND. Basic theory is well estabhished and some exper
imental designs have been built. 1nflight ovaluation of hardware and
the man-machine interface is neoded.

RESEARCH DESCRIPTION. Investigate onboard lasor ranging,
nterplanetary  or transtunar  navigation by spectroscopic binary
satellite, landmark tracker orbital navigation, and conduct navigation/
subsystem candidate evaluation,  These activitios evaluate effec
tiveness of various types of navigation equipment and combinations
of equipment to acquire, tock on, and track targets; to determine
vehicle position and velocitios; and to integrate various measure-
ments for deternunation of orbital parameters, Experimental resuits
comparedd with data derived from ground tracking and other
ostablished techmiques. Measurement parameters recorded auto-
matically for ground ana ysis.

CONSIDERATIONS FOR IMPLEMENTATION

SPACE FACILITY RESOURCES. Vorioty of advanced navigotion equip-
ment includes 1asor ranging dovices, landmark trackers, and (if operotional
hardware cannot be used) transmitters and receivers. Capability for
switching experimental  devices into  oporational  navigation  system
required.

CREW. Nawvigation skills required. Crow participation heavy at beginning
of each experiment, but lator timited to monitoring system operation,
periodic adjustments, and dota managoment,

DATA. Data displayed onboard tar proliminary screening and evaluation
ond transmitted to ground for dotailed anatysis,

OPERATIONS. AH experimonts sensitive to space-vehicle disturbances and
require correlation with space-vehicle inortial attitude.

RESEARCH SEQUENCING. No special considerations,

SUPPORTING TECHNOLOGY DEVELOPMENTS. Stote-of-the-art
advancemeonts needed in onboard lasor ranging systoms and landmark
tracking systoms,

RESEARCH COMMONALITIES, Strongly corrolated with navigation
oxperiments in 65:-NS-3 and may use some of same hardware.

RESEARCH CLUSTER 1-EE-5—-COMMUNICATIONS

ABSTRACT

OBJECTIVES. Deternmine man-machine redationships and design
concepts of high data rate, longrange optical communications in
space

BACKGROUND. The tugher frequencies of laser beams permit
more channels on a single carrier and higher rates of modulation for
the carrier Also, smaller sice antennas with larger apel turos can be
used,

RESEARCH DESCRIPTION. Communication link required
between manned spacecraft and deep space vehicte (DSV). A
prearranged transnussion code established so that errors in reception
correlated with ovents in operational situation. Equipment on
doep space vehicle consists of CO, laser transmitter, Pockels cell
modulator, gimbaled  refracting toloscope  for antenna, power
supplies, message storage, precise tuming synchromezer, and telescope
pointing contiols. The manned spacecraft has telescope, pointing
controls, receiver, message storage and analysis, power supplies, and
procise-tining synchrontzer, Test messages transmitted on command
from DSV 1o manned spacocraft evaluated for errors due to
operational chsturbances.

CONSIDERATIONS FOR IMPLEMENTATION

SPACE FACILITY RESOURCES. Optica! and slectronic equipment on
manned spacecraft weigh 600 1b and occupy 42 cu ft, Average power of
50 w remains relatively constant during course of expuriment,

CREW. Crew participation limited to lasor beam acquisition for lock-on,
then periodic monitoring by one crewman,

DATA. Three digital data channels required for communications tost data,
DSV status, and receiver status. Magnetic tape is primary recording mode,

OPERATIONS. In initial portion of experimunt, intorfering spacecraft
operations may have to be curtailed to permit accurate alignment of DSV
ond spacecraft,

RESEARCH SEQUENCING. Sinze this cluster requires 8 deep-space
vehicle and development of gdvanced optical communications hardware,
research cannot be initiated until after 1980,

SUPPORTING TECHNOLOGY DEVELOPMENTS. Integrated optical
communications transmission and receiving system must be developed,

RESEARCH COMMONALITIES. Initial Earth-orbiting tests under 5-CS-2.

RESEARCH CLUSTER 1-OE-1-LOGISTICS AND RESUPPLY

ABSTRACT

OBJECTIVES. Evaluate lomstics and resupply opurational proce-
dures and mechanical aids; evaluate and develop tools, aids, and
procedures for handiing emergency and rescue operations,

BACKGROUND. Mercury, Genuni, and Apolio provide valuable
background information for this research cluster in rendezvous and
docking, equipment transfer between vehicles, and spacecraft emer
gencies. Actual in-space expernience with large-cargo transfer has not
been abtained.

RESEARCH DESCRIPTION. Evaluate logistics, resupply, and
rescue concepts developed in ground simulation. They include
(1) equipment and operational procedures for transferring, handiing,
and storing packaged cargo, fluids, and large equipment items;
{2) rendesvous and docking; and (3) emergency and rescue opera-
vons. Data collected on transfer time, ease of handiing, energy
expenditure, required skill levels, equipment damage or loss, and
crew reaction time and mobility. Measurement methods include
tme and motion techmigques, motion picture or TV caverage, and
crew member subjective reports.

CONSIDERATIONS FOR IMPLEMENTATION

SPACE FACILITY RESOURCES. The spacecraft environmental control
and life support system must support crewman expernmenter/observer in
EVA mode for portions of this research. Electrical power requirements are
400 w average and peak.

CREW, Selected crewmen will require special training as experiment
observers and photographers. Thorough training and indoctrination in
safety procedures and practice of emergency rescue oxperiments in ground
simulation requirud.

DATA. Consist of motion picture or TV film, crew : = and mission data,
all transmitted to Earth for analysis. No onboard data . - Vo
OPERATIONS. Simulated rescue oporations of EVA crewman should be
coordinated to take place in conjunction with normal EVA activities.
RESEARCH SEQUENCING. Adaptive. Observations will he taken of
logistics and resupply operations as they occur.

SUPPORTING TECHNOLOGY DEVELOPMENTS. Studies of assembly
techniques.

RESEARCH COMMONALITIES. Research results for rendesvous and
docking cargo transfer should be correloted with related operations in
1.0E4.
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RESEARCH CLUSTER 1-0E-2-MAINTENANCE, REPAIR, AND RETROFIT

ABSTRACT

OBJECTIVES. Inspace ovaluation of eqiipment, procedures, and
manned skills required to perform (1) both IVA and EVA mainte
nance and repair functions, and (2) retrotit or reconfigurat, sn in
which entire spacecraft may undergo complete refurbishment,

BACKGROUND. Expernence in manned spaceflight and i aireraft
infhght mantenance programs has demaonstratod feasibility of space
mnntenance. Maintenance and retrofit actvities will be performed
n Skyiab A and follow-on fhights, and a program of carefully con
trolled obsorvations and measurements of these activities s neces.
sary to develop, evaluate, and refine maintenance techmquoes for
long-duration spacefhight, .

RESEARCH DESCRIPTION. Two year research program includes -
observations and medasurement of mantenance, repair, and retrofit

oparations, both IVA and EVA, performed as normal part of

mnorbit space vehicio operations. Data on task tmos and orrors,

difficultios encountered, energy expenditures, and effectiveness of

mantenance equipment will be obtamed by direct observation, TV

cameras, and crew verbal reports.

CONSIDERATIONS FOR IMPLEMENTATION

SPACE FACILITY RESOURCES, Spacecraft must support EVA activity
approximately once per woek. TV, video recordors, and tapo rocordors will
have multiple usage with other research,

CREW. Engincer and technician skills requied, Crowmon serve oas
oxperimental subjects and as obsorver/photographers.

DATA. Broadband video data con be telemetered to ground or returned
via logistics vehicle for detaited analysis. Qbservations require about four
hours of TV and two hours verbal annotation per month on magnetic tape.

OPERATIONS. To ensure adequate coverage and crew safoty, some
critical maintenance activitios which may not occur naturally will require
simulation and special scheduling.

RESEARCH . SEQUENCING. No spucial considerations. Adaptive to
maintenance incidents as they occut.

SUPPORTING TECHNOLOGY DEVELOPMENTS. None.

RESEARCH COMMONALITIES. Data obtained here will be usefut in
1-BR-3, 1-MM-5, and 1-0E.3, 4.

RESEARCH CLUSTER 1-OE-3—~ASSEMBLY AND DEPLOYMENT

ABSTRACT

OBJECTIVES. Evaluate and develop man's atnhity in EVA assem
bly and erection of farge space structures

BACKGROUND. Apollo lunar EVA and other sero ¢ simulations
{such as water immersion tests) have demonstrated feasibvihity of
man perfarming useful work in space Additional information will
be obtained from Skylab A use of restiaints and tools.

RESEARCH DESCRIPTION. First phase involves observation of
assombly and deployment of unfurlable antennas and expandable
structures such as crew tunnels, EVA mantenance enclosures, and
airlocks In second phase, observations will be made of operating
parametmrs in deployed mode. The measurement program will
evaluate deployment and performance characteristics of structures
and physiological capabilities of man to perfarm NECessary opera
tions. Photographic and TV coverage and crew verbal reports will be
means of measuring man’s performance. Measurement parameters
include time required, man’s endurance level {heart beat and oxygen
consumption),  deflections of structure caused by  temperature
gradients, and dynamic stability characteristics.

CONSIDERATIONS FOR IMPLEMENTATION

SPACE FACILITY RESOURCES. Space required to stow, unstow, and
deploy various structures of interast An unfurlable entenna may waoigh
500 Ib and occupy 1,250 cu ft stowed, while other devices may have loss
impact. Measurement equipment is provided by other research clusters

CREW. Crew will require extensive tranning and ground practice.

DATA. Four 100-H: analog channels for biomedical data: one 3 MH2
analoy video channel, and one 2 kHz analog voice channel, indexed for
time and crew membaer identity, and all transmitted to ground for analysis,

OPERATIONS, Vehicle operations may be curtaded dunng EVA,

RESEARC' SEQUENCING. Assembly and deployment phase should be
sequenced early to provide maximum period for observation of doployed
operating parameters.

SUPPORTING TECHNOLOGY DEVELOPMENTS. Carefully conducted
and controlled ground experiments required to define basehne for space
comparison and refine assembly techniques and monitoring requirements,

RESEARCH COMMONALITIES, Closely related to 1.EE-? and 1o 5-TF -1,

RESEARCH CLUSTER 1-OE-4--MODULE OPERATIONS

ABSTRACT

OBJECTIVES. Evaluate operational procedutes, equipment, and
man machine interfaces involved in i ot operation of expenment
modules flown in conjunction with manned orbital spacecraft.

BACKGROUND. Unmanned satellite programs and special module
studies indicate feasibility and desirability of operating free-flying or
attachers expeniment modules from orbital manned space facility.
Problems which require in-space resolution include rendesvous and
docking, module-to-space-facility communication, deployment, and
retneval, and maintenance.

RESEARCH DESCRIPTION. Activities concerned with module
station keeping, monitoring and communicating with modules,
controthng module equipment, deployment and retrieval, and
module maintenance and reconfiguravion. Data on ciew task times
and errors, energy expenditures, quality of data, and response of
module systems will be collected during initial six months'
operation of each free-flying module, Most data can be obtained
automaticatly from operational instrumentation and this will be
augmented with TV camera coverage and crew verbal reports.

CONSIDERATIONS FOR IMPLEMENTATION

SPACE FACILITY RESOURCES. Monitor and control console require
timers and other instrumentation for readouts to data managoement system,
Electrical power requirements: 50 w average, 310 w peak. Viewing ports
required,

CREW. Heavy involvement dur:ng deployment, ratrieval, rendezvous and
ducking, and while docked; minimal otherwise. EVA required.

DATA. Data management system must provide compurer programs to
control acquisition and collation of data, data storage, and penodic
telemetering of data to ground stations. Two hours TV observation time
and 15 minutes verbal c.omments per month,

OPERATIONS. Observations coordinated with normal mission module
operations, During rendezvous and docking and while module docked,
spacecraft stability must be maintained.

RESEARCH SEQUENCING. No special considerations. Adaptive to
routine occurrences,

SUPPORTING TECHNOLOGY DEVELOPMENTS. Studies of assembly
techniques.
RESEARCH COMMONALITIES. Closely related to 1-OE-2.
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RESEARCH CLUSTER 1-0E-6-VEHICLE SUPPORYT OPERATIONS

ABSTRACT

OBJECTIVES. Evaluate equipment, procedures, and crew skills in
in-orbit provision of following support corvices: medical, food
managomwnt, dota management, powor managemont, vehicle con-
trol, and communications,

BACKGROUND. Fow guidehines or design criterin available to
mission plannerg for estimating facititios, equipment, and procedures
for centrally suppliod support services in space vohiclo. Evaluation
nocessary 1o support operations in space and to derive now or
updated design criteria and guidelines where necossary,

RESEARCH DESCRIPTION. For each support area, make obser-
vations and measurements for initial period of six months, using
crow logs, responses to questionnaires, timelines of crew time
oxpenditures, and TV film records of selected oporations. Param-
oters measured include time required to provide service, frequency
with which service is required, time delays, availability of equipment
when needed, and adequacy of equipment and procedures. Research
to extend over three-year period, incorporating new criteria as they
dovelop.

CONSIDERATIONS FOR IMPLEMENTATION

SPACE FACILITY RESOURCES, Elcctrical power for timing and
recording measurement equipment: §0 w average; 300 w peak,

CREW. Activities of crew estimated at 32 man-hours per month
responding to Questionnaires, setting up cameras and lights, monitoring
measurement operations, making crow lop entries, and monitoring accumu-
lation and segregation of dato,

DATA. TV ftiim records, audio tapes, ond questionnaire responses,
accumulated onboard and transmitted to ground for dotailed analysis,

OPERATIONS, Routine operations to be observed are norma!, onboard

support activitios, developed and thoroughly ground-tested in Earth-based
simulation facHities,

RESEARCH SEQUENCING. When maojor changes ore made in any

Support service operation, another six-month period of observations will be
initiated,

SUPPORTING TECHNOLOGY DEVELOPMENTS. None,

RESEARCH COMMONALITIES. Dato produced can be usofully corre-
lated with 1-BM-6, 1-MM.3, 1-LS-G, and 1-EE-1,

&>
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SPACE BIOLOGY

RESEARCH CLUSTER 2-VB-1-PRELIMINARY BIOLOGY INVESTIGATIONS USING VERTEBRATES

ABSTRACT

OBJECTIVES. Incroase understanding of biological processes by
observing changes in fertitization, fetal development, growth,
physiological function, and life span in vertebrates exposed 10 space
environmont,

BACKGROUND. Early information derived from suborbital and
short orbitat flights. Valuable data derived from primate experiment
on Biosatellite 111, Vertebiate module design being pursued at
various laboratories,

RESEARCH DESCRIPTION. Rats, mice, instrumented primates in
oxperimental modules with automated life support, wasto manage.
ment, and data collection. Primates instrumented before ftight with
implanted sonsors; signals amplified and transmitted to onboard
receivers, displayed and recorded on magnetic tape. Crew monitors
animals, counts population and pregnancies, separates specimens for
special analysis. Rats weighed for growth; embryos weighed and
preserved for later analysis; some animals returned to Earth,
Biocentrifuge maintains 1-g in control groups,

CONSIDERATIONS FOR IMPLEMENTATION

SPACE FACILITY RESOURCES. Exporiment modules self-containod,
depend on facility for data management and power. Modules 400 to
900 b, 30 to 110 cu ft, 50 to 80 w. Onboard receiving and display equip-
ment additionolly required. Biocentrifuge, if onboard, 15- to 20-ft diam-
eter, 3,600 tb, continuous average 460 w, may also be located in soparate
flight module. Centrifuge not essontial for aarly experiments,

CREW. Task time and skl level minimal. Most data collection
automated.

DATA. Notes, tapses, film, hving and preserved specimons returned to
Earth.

OPERATIONS. Acceleration lovel below 10'40 90% of time. Mission
duration at least 180 days for most experiments.

RESEARCH SEQUENCING, Initial identification of choanges; subsequent
investigation of maechanisms of changes. Centrifuge control may bo
introduced in later experiments,

SUPPORTING TECHNOLOGY DEVELOPMENTS. Zero-g animal cages,
animal biocentrifuge, -1800C tissue freozer, surgicol procedures.
RESEARCH COMMONALITIES. Contributes to understanding of changes
observed in 1-BM-4, -5, .7, and -14, and 1-MM-4,

RESEARCH CLUSTER 2.VB-2-INTERMEDIATE BIOLOGY INVESTIGATIONS USING VERTEBRATES

ABSTRACT

OBJECTIVES. Improve definition of role of gravity in vertebrate
behavior, physiology, reproduction, response to stimuli, and host.
parasite relationships by measuring changes in these functions in
space,

BACKGROUND. Biosateliite 111 results indicate that primate
body-fluid balance is profoundly upset by weightless environment.
Primate and small-animal experiments and modules being designed
at various NASA and university facilitis.

RESEARCH DFESCRIPTION. Typical experiments include
measurement of nerve aciion potentials, strength of muscle contrac
tion, whole animal calorimetry, bone strength, antibody titer,
spermatogenesis, psychomotor activities, and transport processes.
Some experiments involve automated modules; most performed on
subjects removed from cages in animal facility. Experimental
techniques require animal manipulation and surgery, histological
preparations, and laboratory analyses, including  scintillation
counting, mass spectrometry, spectrophotometry, gas chromatog-
raphy, and amino-acid analysis. Biological speciatists at least at
technician skill level,

CONSIDERATIONS FOR IMPLEMENTATION

SPACE FACILITY RESOURCES, Onboard laboratories for animal
surgery and testing, tissue preparation, and biochemical analysis. Animal
holding facitity for primates, rats, mice, cats, and dogs. Environmental
control must isolate animals’ atmosphere from crew's. Management of
animal wasto.

CREW. Skilled technician, full time. Cross-trained crewmen, part time,

DATA. Notes, tapes, film, stripchart recordinges, and tiving and preserved
specimens returned to Earth. Some taped data telemetered to ground.
OPERATIONS. Acceleration level of 10'49 maintained 95% of time, Crow

interaction with animal facilities rigorously controlled. Continuous
180 days required for some experiments.

RESEARCH SEQUENCING. Preliminary observations precede and govern
intermediote research. Detailed examination of mechanisms will follow,

SUPPORTING TECHNOLOGY DEVELOPMENTS. Zero-g animal cages,
surgical procedures, tissue processor, -180°C tissue freezer, liquid handling,
equipment analysis and integration.

RESEARCH COMMONALITIES, Contributes information to 1-8M.4, .5,
-7, and -14, and 1-MM-4,
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RESEARCH CLUSTER 2.VB-3-ADVANCED BIOLOGY INVESTIGATIONS USING VERTEBRATES

ABSTRACT

OBJECTIVES. Improve uadeiutanding of role of gravity and
Earth-lunar penodicitios in basic biotogical processes such as enzyme
activity, energy production and transfor, membrano phenomena,
and transport mechanisis by investigating mechanisms associated
with earlier observed changes in vertobratus in space.

BACKGROUND. Changes in wide variety of biological forms
noted in Biosatelhito experiments and in terrestrial simulations of
woightiessness. No study of mechanisms performed during study of
change.

RESEARCH DESCRIPTION. No detailed experiments can be
specified until changes are determined in earlier phases. Investigs-
tions will include studies at subcellular level. Radioactive and heavy
or light isotopes will be used as tracer atoms, Tagged substrates will
be reacted with isolated enzyme systems and enzyme activity
determined by isotope disappearance from substrate or appearance
n reaction products, Full range of sophisticated laboratory tech-
nques will be utilized requiring advanced instrumentation and
hig :ly skilied investigators,

CONSIDERATIONS FOR IMPLEMENTATION

SPACE FACILITY RESOURCES, Facititios for 2-VB 1 and -2 utilized, in
addition, facilitios to provide capabitity for preparation of tissuc grafts,
partition chromatography, electrodiolysis, olectrophorosis and scintitlation
counting {liquid and well). Most resources shared by all areas of space
biology rescarch,

CREW. Reosvarch team: one or moro principal  investigotors, two
oxperionced technologists, < )it time.

DATA. Notes, tape, stripchart records, film, and some biological samples
roturned to Earth, Minimal data telemotering,

OPERATIONS, Acceloration lovels of 10’49 a continued requirement.
Rigorous control ot animat facility and laboratory environmoent. Most
experiment durations ot teast 180 doys.

RESEARCH SEQUENCING, Exporiments governed by previous finding,

SUPPORTING TECHNOLOGY DEVELOPMENTS. Zero-g homogemizer,
dialysis equipment, Huid electrolyte analyzer, small-particle mass measure-
ment, and equipment analysis and integrotion,

RESEARCH COMMONALITIES. Information to 1-8M-6, -10, and -14,

RESEARCH CLUSTER 2:IN-1-PRELIMINARY BIOLOGY INVESTIGATIONS USING INVERTEBRATES

ABSTRACT

OBJECTIVES, Increase understanding of aging, orientation,
coordination, tidal and diurnat rhythms, genetics, and metabolism
by observing changes in these processes in invertebrates exposed to
space environment.

BACKGROUND. Influence of space environment on invertebrates
estabiished in Biosateiiite il experiments. No weightinssness sumu-
lating device effective for invertebrate ground based experiments,

RESEARCH DESCRIPTION. Drosophila behavior, life-cycle
phenomena, and circadian rhythm; housefly aging; fiddler crab color
change related to tidal rhythims; beetle embryogenesis and develop-
ment; and spider web building activities. Most experiments in
self-contianed  expenimental modules with  photographic  and
metabolic measurement capabilities, Crew tasks minimal: visual
check of experiment progress, counting, sorting, and preservation of
specimens, observation of abnormalities, and preparation of living
specimens for Earth return. Onboard biocentrifuge desired for 1-g
control subjects,

CONSIDERATIONS FOR IMPLEMENTATION

SPACE FACILITY RESOURCES. Experimental modules, approximately
401b, 2cuft, and 10 to 50w sach, provide pressure (Earth ambient),
tomperature (26°C), relative humidity (76%), 12-hour light-dark cycles,
and photograph.c coverage. Biocentrifuge, 20-ft diameter, 3,500 b, con
tinuous average 460 watts; not essential for earlier experiments

CREW. Most data collection automated. Additional tasks, by cross trained
crewmen.

DATA. Notes, tapes, film, specimens returned to Earth.

OPERATIONS. Acceleration level below 1049‘95“«) of time. Reqguired
mission duration mimmum of 90 days. € xperiment progress independent
of crew cycles.

RESEARCH SEQUENCING. Preliminary  experiments; subsequent
research to investigate nature of observed changes.

SUPPORTING TECHNOLOGY DEVELCPMENTS. Development of bio-
centrifuge, and development of advanced -1800°C tissue froezer,

RESEARCH COPMMONALITIES. Contributes to understanding of changes
observed in 1-BM-5 and 1-MM-4.

RESEARCH CLUSTER 2-IN-2—INTERMEDIATE BIOLOGY INVESTIGATIONS USING INVERTEBRATES

ABSTRACT

OBJECTIVES. Increase understanding of biological processes by
more complete examination of changes observed during experiments
in oreliminary phase,

BACKGROUND. Influence of space environment on invertebrates
ostablished in Biosatellite {) experiments. Effects of weightlessness
alone and zero-g enhancement of radiation effects were observed,
No terrestrial weightlessness-simulating devices effoctive on inverte-
brates,

RESEARCH DESCRIPTION. Onboard comparisons  between
invertebrates in zero-g and artificial-g {biocentrifuge) controts.
Dissection, tissue preparation, and microscopic examination of
tissue samples. Initial experiments of metabolic pathways using
radtoactive tags on whole specimens or simple homogenates, Some
experiments involve automated expenimental modules, but most will
involve invertebrate colomies in animal holding facilities. Increased
facilities include tissue processing and biochemical analytical labora-
tonies. Full-time biological research speciairt required.

CONSIDERATIONS FOR IMPLEMENTATION

SPACE FACILITY RESOURCES. Holding facility for colonies of inverte:
brates. Onboard biocentrifuge, I-g at maximum radius of 10 to 12 1t,
continuous 450 w, Tissue preparation laboratory . automatic tissue proces-
sor, vacuum infiftration oven, microtome, and compound microscope with
built-in camera. Spectrophotometer, mass spectrometer, gas chromato-
graph, tissue homogenizer, and radiation detection equipment  also
required.

CREW. Skilled technician, full time. Part-time assistance of crewmen
DATA. Notes, tapes, fitm, and specimens returned to Earth. Minimal
telemetering of stored data at infrequent intervals,

OPERATIONS. Acceleration lovels of 10'49 required 95% of time.
Environmental control of invertebrate holding facility separate from
crew's,

RESEARCH SEQUENCING. Preliminary observations precede and govern
intermedhate research. Detailed investigation of mechanisms foliow.
SUPPORTING TECHNOLOGY DEVELOPMENTS. Animal biocentrifuge,
tissue processor, 2ero-g homogenizer, and equipment analysis and
integration,

RESEARCH COMMONALITIES. Contributes to understanding of changes
observed in 1-BM-5 and 1-MM-4.
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RESEARCH CLUSTER 2:IN-3-ADVANCED BIOLOGY INVESTIGATIONS USING INVERTEBRATES

ABSTRACT

OBJECTIVES. Improve understanding of role of gravity and
Earth-tunar periodicitios in basic biological procossos such as enzymo
activity, onergy production and transfor, membrane phonrmena,
and transport mechanisms by investigating mechanisms associated
with carlier observed changes in invortebrates in space.

BACKGROUND. Changes in wide varioty of biotogical forms
noted in Biosatollite experiments and in terrestrial simulations of
woightlossness. No study of mechanisms performed during study of
chango,

RESEARCH DESCRIPTION. No dotalled experiments can be
spocified until changos aro doetermined in carlior phases, Investi-
gations will include studies at subcellular lovel. Radioactive and
hoavy or light isotopes will be used os tracer atoms. Tagged
substrates will be reacted with isoloted enzyme systems ond enzymo
activity dotermined by isotope disappearance from substrate or
appoarance in roaction products. Full range of sophisticated
laboratory techniquos will be utilized requiring advanced instru-
mantation and highly skilled investigators,

CONSIDERATIONS FOR IMPLEMENTATION

SPACE FACILITY RESOURCES. Facilities for 2-IN-1 and -2 utilized; In
addition, facilities to provide capability for preparotion of tissues, partition
chromatography, electrodialysis, electrophoresis and scintitation counting
(liquid ond welt), Most resources are shared by all areas of space biology
rescarch,

CREW. Rescarch team: one or more principal investigotors, two expe-
rienced technologists, full time,

DATA. Notes, tape, stripchart records, film, and some biological samples
returned to Earth, Minimal dota telemetering,

OPERATIONS. Acceleration levels of 10'49 a continued requirement,
Rigorous control of animal facility and laboratory environment, Most
exporiment durations at icast 180 doys.

RESEARCH SEQUENCING. Experiments governed by provious findings,

SUPPORTING TECHNOLOGY DEVELOPMENTS. Zero-g homogonizer,
dialysis cquipment, fluid olectrolyte analyzer, smoll-particle mass measure-
ment, and equipmont gnalysis and integration,

RESEARCH COMMONALITIES. Information to 1-BM-B, -10, and -14.

RESEARCH CLUSTER 2-P/T-1-PRELIMINARY BIOLOGY INVESTIGATIONS USING UNICELLULAR SPECIMENS

ABSTRACT

OBJECTIVES. Observe abnormalities in microorganisms and tissue
cultures caused by weightlessness.,

BACKGROUND. Biosatellite I used protists and tissues including
bread mold, frog eggs, amoebas, and bacteria. Skylab A will include
experimenit S-015 on the effect of zero-q on human celis,

RESEARCH DESCRIPTION. Preliminary investigations include
microscopic 2> amination of fertilized frog eggs to determine celiular
growth structure and organization; visual measurements and photog-
raphy of colony size, colonial morphology and conidial density in
bread mold; determination of growth rates and frequency of
mutation, transformation, and conjugation in bacterial cultures by
optical density measurements, selective media and culture prepara-
tion and plating, and DNA extraction, Crewmen used for tasks not
requiring excessive amounts of onboard time ur preparatory
training, such as imedia preparation, culture transfer, organism
identification, photography and visual observations.

CONSIDERATIONS FOR IMPLEMENTATION
SPACE FACILITY RESOURCES. Experiments contained in automated
modules. Additional items such as sterilizer, incubotor, microscopge, optical
densitometer and media preparation equipment required. Special atmos-
phere requirements will be supplied and maintained by individual modules.
CREW. No special skills required. Tasks can be taught in short time.
Individual experiments require average of 1 to 1.6 crew-hours per day.

DATA. Notes, film, and spocimens returned to Earth.

OPERATIONS. Individual experiments during any continuous 30-day
period; colonies and cultures maintenance from start of mission. To‘{npom-
ture of incubator carefully monitored. Acceleration level below 10™ g 90%
of time.

RESEARCH SEQUENCING. Initiat identification of changes; subsequent
investigotion of mechanisms of changes,

SUPPORTING TECHNOLOGY DEVELOPMENTS. Zero-g autoclave and
incubator,

RESEARCH COMMONALITIES. Contributes information to 1-BM-6 and
1-L8-7,

RESEARCH CLUSTER 2-P/T-2—-INTERMED!ATE BIOLOGY INVESTIGATIONS USING UNICELLULAR SPECIMENS

ABSTRACT

OBJECTIVES. Improve definition of spaceflight factors in micro-
biological host-parasite relationships and in basic cellular processes
by more complete examination of changes observed in preliminary
research on protists and tissue cultures in space,

BACKGROUND. Bread mold, frog egg, amoeba, and bacteria
experiments on Biosatellite 11. Human cell experiment on Skylab A.

RESEARCH DESCRIPTION. Studies on aerosol stability, effects
of particle size on stability, dissemination rate, degree of penetra-
tion into respiratory tract, microbial viability in aerosols, and degree
of infection from aerosol-borne bacteria. Air-particle sampling under
various conditions, viable plate count by the Andersen method, and
animal exposure, sacrifice, and examination for infections and
particles in respiratory tract, Colony counting and identification of
cultures from crew samples to determine aiterations in normal flora,
investigations of immune reactions of crew and vaccinated animals.

CONSIDERATIONS FOR IMPLEMENTATION
SPACE FACILITY RESOURCES. Sterilizer, modin and plate preparation
equipment, incubator, colony counter, microscone, and optical
densitometer in common with 2.P/T-1. Serusohizer and particle sampler;
animal colonies; small-animal surgery, sutopsy, and tissue preparation
facilities; and blood chemistry laboratory in common with other areas of
space biology research.

CREW. Microbiological technicians, full time. Scientist-astronaut qualified
in study of infectious diseases, part time.

DATA. Notes, tape, specimens, and samples returned to Earth. Minimal
data telemetry,

OPERATIONS. Acceleration fevel of 10'49 desirable 90% of time, Most
experiments require 30 days, should be repeated over 1 year.

RESEARCH SEQUENCING. No special considerations.

SUPPORTING TECHNOLOGY DEVELOPMENTS. Autoclave, incubator,

tissue processor, bunsen burner substitute, automated microbial identifica-
tion, and equipment analysis and integration,

RESEARCH COMMONALITIES. Information to 1-BM-5 and 1-LS-7,
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RESEARCH CLUSTER 2-P/T-3-ADVANCED BIOLOGY INVESTIGATIONS USING UNICELLULAR SPECIMENS

ABSTRACT

OBJECTIVES. Improve understanding of role of Gravity  and
Earth lunar penodicities in basice biotogical processes such as enzyme
actvity, energy production and transter, membrane phonomena,
and transport mechanisms by investigating the mechanisms agso
clated with cartier observed changes in protists and 0ssue cultures,

BACKGROUND. Changes in  wade vaniety  of biological forms
noted i Biosatelhite expenments and wm terrestrnial simulations of
woightlessness. No study of mechanisms performed during study of
change.

RESEARCH DESCRIPTION., No detailed expernments can be
specihiod untl changes are detormineo m varhier phases. frwvesy
gatons will include studies at subcellular Jevel. Radioactive and
heavy or hight isotopes wall be used as tracer stoms. Tagged
substrates will be reacted with isolated enzyme systoms and enzyme
activity  detornuned by 1sotope  disappearance from substrate or
dapBpearance an reaction products. Full range of sophisticated
laboratory techniques will be utihized requirimng advanced instry
mantation and highly skilled nvestigators,

CONSIDERATIONS FOR IMPLEMENTATION

SPACE FACILITY RESOURCES Facilitios for 2P/ and 2 utihzed, i
sddition, faciitios to providoe capatniity for preparation of tissuo cultures,
partition chromataog: aphy, olectrodialysis, clectrophorosis and sentittation
counnng {thquid and woll). Most rosources are shared by all areas of spoce
biology roscarch.

CREW. Ruosvarch 1oam one or more principal Hwestigotors, two oxpo
rionced tochnologists, full nme

DATA. Notos, tpy, stripchart rocords, fim, and some iological somples
roturned to Earth, Minimal data telomotoring.

OPERATIONS, Acceleration fovels of 10'49 a continued requirement
Rigorous control of onimal facilty and laboratory anvironment. Mogt
experiment durations ot feast 180 days.

RESEARCH SEQUENCING. Experiments govorned by previous findings,

SUPPORTING TECHNOLOGY DEVELOPMENTS, Zero-g homogenizer,
dialysis equipment, fluid olectrolyte analyzer, small-particle mass measurg.
ment, and equipmont analysis and integration,

RESEARCH COMMONALITIES, Information to 1.BM-5, -10, and -14.

RESEARCH CLUSTER 2:PL-1-PRELIMINARY BIOLOGY INVESTIGATIONS USING PLANTS

ABSTRACT

OBJECTIVES. increase understanding of ologcai phenomeng by
nvestigation  of  physiological, gross. morphotogical, and  histo
chemical changes in plants due to the absence of gravity and cychical
cues.

BACKGROUND, Morphological  and physiological changes
obiserved in wheat seedlings and young leafy pepper plants in the
Biosatelhite 11 fi.ghts. Sinwlar responses noted durning weightiossness
simulation on clinostats

RESEARCH DESCRIPTION. Plant colomes, ncluding arabiudopsis,
cucumber, and potato, observed penodically and  preserved for
subsequent ground based analysis. Tropistic responses and rhythmic
movements photographed; respiration monitored by automated
equipment. More soplusticated nartabolic, genetie, and develop
mental studies performed on ground on 1eturned freeze preserved
tissues. Crew activitios resincted to maintaining colomies, h.lrvuslmg,
roseeding, preservation, and preparation of plants and tissues for
return,

CONSIDERATIONS FOR IMPLEMENTATION
SPACE FACILITY RESOURCES. Colomes in expenimental  modules
which depend on facihity only for data management and power Photog
raphy, respiration monitoning, and coatrol of module environment are
ntnsic to modules Modules tyicatly 80 Ib, 2 10 9 cu f1, average of 20 1o
10 w. Biocentrifuge 1 g control specimens dusirable but not essential,

CREW. Minimal time of cross tramed crewman required.

DATA. WNotes, tape, fim, and preserved and intact specImens returned to
Earth.

OPERATIONS. Acceleration levels bolow 10'4g essentral 95% of tme
Maintenance of plant  colomes, visual checks of module functions,
harvesting, replanting of seeds, preservation, proparation of plants and
nissues for return, Mission duration at teast 90 days

RESEARCH SEQUENCING. Initial observation of changes; subsequent
examination of altered parameters and study of mechanisms
SUPPORTING TECHNOLOGY DEVELOPMENTS. Anuno-acid analyzor,
1809C tissue freezer.

RESEARCH COMMONALITIES. None.

RESEARCH CLUSTER 2.PL-2—INTERMEDIATE BIOLOGY INVESTIGATIONS USING PLANTS

ABSTRACT

OBJECTIVES. Increase understanding of biological phonomena by
more complete investigation of physiologicat and structural changes
n plants observed in prelminary phase of prant tesearch in space

BACKGROUND. Morphologicat — and physiotogical changes
observed in wheat seedhings and voung leafy pepper plants in
Brosatellite It Similar responses noted during weightlessness Simula
tion on clinostats.

RESEARCH DESCRIPTION, Investigations of  respiration and
photosynthotic Actvity, metabobhe pathways, histochenncal abnor-
mahities, and hpid and protein catabolism selected to define more
clearly nature of earlier observed changes Plant tissue preparation
and microscopic examination, chemical analyses of homogenized
tissue by chromatography, spectrophotometry, mass spectrometry,
amino-acid analyses, and radioisotopic techmques. Inereased partic
ation of cross-tramed crew members  Full time expenenced
brological research techmician roquired.

CONSIDERATIONS FOR IMPLEMENTATION

SPACE FACILITY RESOURCES. Some automated ‘mwodules, plant
colonies in  controlied atmosphere  facihity. Refrigerated centrifuge,
homogenizer, dialysis equipment, tissue processor, microtome and micro
scope for tissue preparation. Spectrophotometer, mass spectrometer, gos
chromatograph, radation detectors, and potentiometric measuring devices
for analysis laboratory,

CREW. Full.-ume participation of experienced and skilled biology research
technician. Part time assistance of trainad crewmen

DATA. Notes, 1apes, film stripchart recordings, and plant specimens and
tissue samples returned to Earth, Minimal date telemetering.

OPERATIONS. Accoleration lovels of 10'49 96% of time. One-g controls
on b:ocommuge. Controlled access to plant facitity and laboratorigs.

RESEARCH SEQUENCING. Preliminary observations precede and govern
intermediate research. Detailed investigation of mechanisms will follow,

SUPPORTING TECHNOLOGY DEVELOPMENTS. Animgl biocentrifuge,
tissue processor, zero-g homaogenizer, and equipment  analysis and
integration.

RESEARCH COMMONALITIES. None

75



,”

T Ve Wy

T

e

RESEARCH CLUSTER 2.PL-3-ADVANCED BIOLOGY INVESTIGATIONS USING PLANTS

ABSTRACT

OBJECTIVES. 1mprove understanding of role of gravity and
Earth-unar periodieitios in basic biolonicat processos such as enzyme
activity, onorgy production and tronsfer, membrane rhenomenn,
ond tronsport mochanisms by invostigating mochanisms associoted
with oarlior observed changes in plants in space.

BACKGROUND. Changes in wido varioty of biological forms
noted in Biosatollite exporimonts and in terrestrial simulations of
woightiossnoss. No study of mochanisms performed during study of
change,

RESEARCH DESCRIPTION. No dotailed oxporimonts can bo
speeified untit changes are dotormined in earlier phasos. Investi.
gations will include studies at subeoliular fovel. Radioactive ongd
heavy or lignt isotopos will be used ps tracor atoms, Tagged
substratos will be reacted with icolated enzymo systems and enzymg
activity dotormined by isotope disappearance from substrate or
Appoarance in  roaction products, Full range of sophisticoted
taboratory tochniques witl bo utilized requiring advanced instry-
montation and highly skilled investigators,

CONSIDERATIONS FOR IMPLEMENTATION

SPACE FACILITY RESOURCES, Facilities for 2-PL-Y and -2 utilized; in
&ddition, facilities to provide cepability for preparation of tissues, partition
chromatography, elecrrodinlysis, electrophoresis and scintiliatinn counting
liquid and wel), Most resources shared by all areas of shace biology
research,

CREW, Research team: one or more princ.pal investigators, two expe-
rienced technologists, full time,

DATA. Notes, tape, stripchart reccrds, film, and some biological samples
réturned to Earth, Minimal dota tele wetering,

OPERATIONS. Acceleration leveis of 104g a continued requirement,
Rigorous control of animal facihity and taboratory environment. Most
experiment durations at least 180 days,

RESEARCH SEQUENCING, Experiments governed by previous findings,

SUPPORTING TECHNOLOGY DEVELOPMENTS. 2ero-g homogenizer,
diatysis equipment, fluid electrolyte analyzer, small-particle mass measure-
ment, and equipment analysis and integration,

RESEARCH COMMONALITIES, Information to 1-8M.5, .10, and .14,
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SPACE ASTRONOMY

RESEARCH CLUSTER 3-OW-OPTICAL STRUCTURE AND SPECTRA OF FAINT OR SMALL SOURCES

ABSTRACT

OBJECTIVES. Improve  discrimination among  cosmological
models, doternune properties of galaxy nuclei and quasars; stellar
populations and emissian mechamems in galaxies. Elucidate struc.
ture of globutes and small dark nebulae, comet nucim, the outer
planets, and targe planetary satellites,

BACKGROUND. Ground-based observations fail to diserimagte
between major classes of cosmological models. Optical structure of
duasars and most galaxy nucler are poorly resolved and UV data are
lac'.img. Study of structure of globules, fine structure of comet
nuclel, and outer planst and targe satelhte structure and surfaces
atso generally linited by resolution,

RESEARCH DESCRIPTION. High angular resolution visible, UV,
nesr-infrared imagery and photometry of galaxies, quasars, globules,
comet nucler, outer planets, large satelhites High-resolution UV
spectroscopy of quasars, visible and nearanfrared spectroscopy of
faint galaxtos. Uses 3-m diffraction-hmited telescope with precision
gunidance.

CONSIDERATIONS FOR IMPLEMENTA TION

SPACE FACILITY RESOURCES, Froo fiying module for twloscope
Optimum orbit geosy nchronous,

CREW. Meochanical, oloctronic, and optical tochnicions, EVA assembly ond
periudic sprvicing.

DATA. Elcctronic and photographic (film and probably platos)
OPERATIONS. Mon-oided ossombly ond deployment in froe orbit,

Activation ond torget acquisitions on romota command from graund.
Data-taking automatic. Poriodic supply (fitlm) and servicing by men.

RESEARCH SEQUENCING. No special considerations

SUPPORTING TECHNOLOGY ODEVELOPMENTS. High-rosolution
optics, precision target acquisition, film handhing and protection in spaco,
ground-to-high-orbut transportation; image tubus,

RESEARCH COMMONALITIES. Reiotod rosearch {oxtension of accurate
gataxy distances, search for now satollites of outer planets) in 3-08S. 3-08,
and 3-OP use same teloscopo.

RESEARCH CLUSTER 3-0B-HIGH-RESOLUTION PLANETARY OPTICAL IMAGERY

ABSTRACT

OBJECTIVES. Elucidate long-perod dynamic phenomena of Mars
surface and atmosphere. Map Mercury to 30 to 100-km resolution
for improved topographic study; seek evirdence of atmosphere on
Mercury.

BACKGROUND. Planet fiyby observations achigve extremely high
disk resolution but are tumited i time. The one planned Mercury
flyby will map only modest fraction of planet. Ground-based
observation unlimited 1in time, bu. hmuted to poor angular resolu
tion. Balloon observations gain little for Wercury and too limited for
Mars study. Research cluster pernits longer-time coverage than
planet fiybys and better angular resolution than ground-based
telescopes.

RESEARCH DESCRIPTION. High-resolution multicolor imagery
{UV to near-infrared) of Mars and Mercury over periods of years,
Follow-on spectroscapy and precigsion photometry, Extension to
Jupiter and Saturn. Uses 1- and 3-m diffraction-limited telescopes,
precision guindance.

CONSIDERATIONS FOR IMPLEMENTATION

SPACE FACILITY RESCURCES. Free flying modulos for tolescopes.
Passible 1-m teloscope controls in space stotion. 3-m telescope, optimum
orbit geosynchronous.

CREW. Maechanical, efectronic, and optical technicians. EVA assembly and
periodic servicing.

DATA. Etoctronic and photographic (film),

OPERATIONS. Man-aided assembly ond/or deploymont of telescopes in
free orbits, Target acquisitions by remote control, possibly (1-m telescope}
involving operator in space station. Data-toking automatic. Periodic
resupply (film) and servicing by men.

RESEARCH SEQUENCING. (a) 1-m Mercury mapping; (b) 1-m Mars
observations; (c) 3:-m Mercury mapping; (d} 2-m Mars observations, Some
overiaps due to sun angle, planet distances from Earth,

SUPPORTING TECHNOLOGY DEVELOPMENTS. High-resolution
optics, precision target acquisition; film handling, protection in space;
image tubes.

RESEARCH COMMONALITIES., 3-0S and 3.0P use 1-m telescope, 3 OW
usgs 3-m telescope.
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RESEARCH CLUSTER 3-08~FAINT-THRESHOLD, HIGH-RESOLUTION OPTICAL SURVEYS

ABSTRACY

OBJECTIVES. tmprovo dotermination of globular clustor popula-
1ons, agos, compoditions; oxtond accurato galaxy distance dotor-
minations to tons of mogaparcoes; idontify and dotormine proportios
of optical countorparts of x-ray sourcos and pulears; improve contus
of sl colar systom bodioo.

BACKGROUND. Giobutar clustor proportios bazcd mootly on giant
star membors, dato on main sequonce membeors neoded. Galaxy
distancos aceurate only W distoncos up 10 4 to 10 megaparcocs,
which iy cosmologically insignificant. Data for more opticyl countor-
narts of x-ray cources and puisars ossontiol to elucidato nature of
lattor, Small solar systom bodios aro of systom ovolution interost.

RESEARCH DESCRIPTION. tmagoery and photomotry of main
scquonce stars an globular elusters, fuminous ebjocts in galaxios
(Cephoids, M1t rogions, otc ), fioldg of X-Fay Courcos, pulsars, planots,
and tolocted otivors. Visual threshold 24 to 26 mag., comparable UV
limits. Angular rosolution 0.1 to 0.2 arc-coe. Follow.on gpoctro-
scopy, ospocially in UV. Usos 1 and 3-m toloscopos with procision
guidanco.

CONSIDERATIONS FOR IMPLEMENTATION

SPACE FACILITY RESOURCES. Freo-flying modules for tolescopos,
pointing controls, TV monitor, and supplies (e.g., film) possibly in gpaco
station.

CREW. Mechanical, olectronic, and optica) technicians, i VA assembly and
periedic servicing.

DATA. Elcctronic and photographic (probably fitm only).
OPERATIONS, Mon-aided assombly and/or doploymont of toloscopes in
frec orbits. Torget ocquisition by remote control, possibly invelving

operater in space station, Data-taking automatic, Periedic resupply (fim)
and sorvicing by men,

RESEARCH SEQUENCING. No speciol considorations,
SUPPORTING TECHNOLOGY DEVELOPMENTS. High-rosotution

optics, procision target acquisition, film handling and protection in space,
imogo tubos,

RESEARCH COMMONALITIES. Common rossarch programs with 3-XR.
3-08, ond 3-OP use samo toloscopes.

RESEARCH CLUSTER 3-0P-HIGH-PRECISION STELLAR PHOTOMETRY

ABSTRACT

OBJECTIVES. Sock flarg or spot activity 1n stars {ocpecially colar
types), ovidence of plangtary companions (dwar! stars) Obtain
improved binary orbit inclinations, member and systom properties,
Botter understand variable star mechamismg and avolution of magsive
stars in briof stagos

BACKGROUND. Dwarf flare stars oxist, but fiare, spot, otc,
activity in solar-type stars is unproven. Such activity may be a koy
age indicator. Extremoly challow eclipces in binary stars, or eclipses
by planctary companions, are unobservable from ground, due to
Iimited photometric procision. Smail-amplitude stellar variability
study 16 in infancy, as is study of socular variability.

RESEARCH DESCRIPTION, Extrome procision visible and UV
photoelectric photometry of type G, K, M dwarf stars, selected Q
stars, super giants, Cepheids, and other vaniables. Aim for 109 to
109-mag. procision. Seek irrogulor (fiares), noar-periodic (spots),
and periodic {oclipoes) fluctuations, Compare 10-.year data for
secular changes. Uses 1.m or larger diffraction-limited tolescope with
precision guidance and low-noise photometer.

CONSIDERATIONS FOR IMPLEMENTATION
SPACE FACILITY RESOURCES. Froo-flying modules for tolescopes.
Possibio {1-m tolescopo) peinting control in space stotion,
CREW. Mochanical, eloctronic, and optical technicians. € VA assembly angd
poriodic servicing.
DATA. Eloctronic, transmittable to ground.
OPERATIONS. Moan aided assombly and/or deploymemt of the telescopos

in freo orbits. Targot acquisition by romote control, possibly involving
opcerator in space station, Data-toking automatic. Servicing by men.

RESEARCH SEQUENCING. Uncortain until optimum soarch pattorns
dovised. Patrol-typo obgorvotions would be impracticolly lengthy.

SUPPORTING TECHNOLOGY DEVELOPMENTS.  High-resolution
optics; precision target acquisition; low-noise phatomaters (critical); gignal
fittering; optimum soarch techniques.

RESEARCH COMMONALITIES. 3.0S and 3-O8 use the 1-m telescopo.

RESEARCH CLUSTER 3-SO-SOLAR PHOTOSPHERE AND CHROMOSPHERE OPTICAL STUDIES

ABSTRACT

OBJECTIVES. tmproved determination of gross physical properties
of quiot photosphere and chromosphere; o.g., temperature, pressure,
compasition distributions. Elucidate proporties of details such as
granwation, spots, promingnces, etc.; magnetic fiolds, temporal rela:
tiong of active phenomena.

BACKGROUND. Vigible and UV wavelength observations indicate
incroasing complexity of photosphere and chromosphere structures
with botter spatial and spectral resolution, Study of temporal devel-
opment of active phonomena contributes increasingly to under-
standing solar atmosphere energetics. Needod are substantial angular
resolution improvement in UV, better combined angular and spec-
tral resolution in visible, togother with long-period monitoring.

RESEARCH DESCRIPTION. Broadband, time-lapse imagery of
solar disk with 0.1 tc 0,6.0rc-soc rosolution, Monochromatic
imagery (spectroheliography} with a 0.5- to 1.0-arc-sec resolution,
Spectroscopy with <0.01 /Y\ and 1- to 3-arc-sec resolution. Wave-
lengths 1,000 A to 14, Uses 60-in. 1/76 telescope with precision
guidance and numerous spocialized secondary iInstruments,

CONSIDERATIONS FOR IMPLEMENTATION

SPACE FACILITY RESOURCES. Frue-flying module for telescope.
Sun-synchronous orbit necossary.

CREW, Mechamical, olectronic, optical technicians, EVA assombly and
periodic servicing,

DATA. Elactronic and photographic {film only).

OPERATIONS. Man-aided assombly and/or deployment in free orbit,
Target acquisitions by remote control, probably from ground. Data-taking
automatic. Periodic resupply (fitm) and servicing by men,

RESEARCH SEQUENCING. Some observations coordinated  with
ground-based, sotelite or other observations; 0.0., In monitoring active
evants in sevorol wavolength ranges,

SUPPORTING TECHNOLOGY DEVELOPMENTS. High-resolution
optics, especiolly including tharmal contri; precision target acquisition;
film handling and protection in space; imge tubes.

RESEARCH COMMONALITIES. Solar cosmic ray {4-CR-1, -2, -4, -6) and
gamma ray {4-CR-3) measurements.
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RESEARCH CLUSTER 3-XR-IDENTIFICATION AND STUDY OF DISCRETE X-RAY SOURCES

ABSTRACT

OBJECTIVES. Identity and detcrmine eizo, structuro, spatial
distribution, radistion mechanisms of diseroto x-roy tources. With
improved precision, dotermine ongular distribution of diffuso x-ray
buckground.

BACKGROUND. Zourcos idontificd with supernovoo cjecto or
remnants, peculiar bluish stars, rodio galoxies. Others possible aro
Wolf-Rayot stars, novao, planotary ncbulae. Accurate positions,
images, and spectral encrgy distributions nocded. X-ray background
oppoars uniform, but improved photometry moay roveal variations
duo to multiplo compononts.

RESEARCH DESCRIPTION. (A) Conduct sky, solocted aroa
survoys for new discrete sourcos; locoto Known gources more
procisoly; detarmine angular size upper hmits; obtain improved
spectral encrgy distributions; monitor cources for variabitity. Ugo
200-m ft proportional countor array, 1- to 20-kov range, continuous
thy-scanning modo, 0.1- to 30-arc-min angulor resolution. (B) Imoage
known sourcos to V-arc-sec recolution; spoctroscopy and procision
photomotry. Uso 760-a in. grozing-incidenco toloscope.

CONSIDERATIONS FOR IMPLEMENTATION

SPACE PACILITY RESOURCES, Free-flying modules for telescope an
proportional counter array. X-ray telescope peinting controls, TV monitor
possibly required in space station.

CREW. Eloctromechanical, optice! technicians (~ B yoars experience),
EVA assembly and periodic servicing,

DATA. Program (A): electronic data, sorted on magnetic tape, dirccily
transmittable to ground. Program (B): photographic (film), oloetrontc doto.
OPERATIONS. Agembly xroy telescope, proportional countor ofray.
deploy both in free orbits. Countor array automatic, Toloscope with
man-aided target acquisition by remote controt, TV monitor; other phases
automated.

RESEARCH SEQUENCING. No special considerations,

SUPPORTING TECHNOLOGY DEVELOPMENTS. Highresolution
aptics; precision target acquisition systom, film protection, handhing, uso in
space.

RESEARCH COMMONALITIES. Some sources may bo dotcctablo ot
gamma-ray encrgies {4-CR-3); simultancous measures valuablo. Opticol
observation of sources important to clucidate physical nature (3-08).

RESEARCH CLUSTER 3-LF--LOCATION, STRUCTURE, AND PROPERTIES OF LOW-FREQUENCY RADIO SOURCEY

ABSTRACT

OBJECTIVES. Identify ond dotormine physical propertios ond
emission and abgorption mochanicms of diccrete LF sources, LF
background components, and intervening medio.

BACKGROUND. No resolved discreto courcos yeot dotocted outside
solar systom. Radio galoxios, quasars, galoctic Mil rogions, oupor
novae remnants, and the Goloxy's nuclous are prime condidstos. LF
background has been mapped to only 46- to 6O-degree recolution in
0.4- to 10-MHz rango with fair cpectral resolution and radiomeotric
precigion,

RESEARCH DZoCRIPTION. Scan cky sequontially at approx.
Imately 1 iixed frequencios in 0.1- to 10-MHz range, using 6-km fen
rhombic antenna with beamwidth 6 to 16 degrees for background
mapping, joined to short dipole array forming an interforometor
with 2.degroe rosolution for diccrimination of discrete sources.
Should detect about 100 discreto sourcos and greotly improve angu
lar and spectrol resolution of background.

CONSIDERATIONS FOR IMPLEMENTATION

SPACE FACILITY RESOURCES. Launch antenno package to geosyn-
chronous orbit or higher. Infrequent returns for servicing.

CREW, Technicions. EVA sorvicing of antenna propulsion system and
possibly electronics,

DATA. Elcctronic, transmitted to ground.

OPERATIONS. Antonna system deployment, activation, operation (con-
tinuous sky scan) and data-taking are sutomatic, with dota transmitted to
ground,

RESEARCH SEQUENCING. No special considorations.

SUPPOHTING TECHNOLOGY DEVELOPMENTS. Study of automatic
versus man-oided ontonna deployment and servicing,

RESEARCH COMMONALITIES. No special considorations.
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SPACE PHYSICS

RESEARCH CLUSTER 4-P/C-1-EFFECT OF THE SPACE ENVIRONMENT ON CHEMICAL REACTIONS

ABSTRACT

OBJECTIVES. Establish effocts of near-zero gravity and absence of
walls on chemical reactions, including combustion phenomena, with
variances in moterials and mixing processes.

BACKGROUND. Some data on flammability in zerog generated
from short-duration drop-tower and aircraft tosts. Skylab A flum.
mability experiment {M-749) will provide initial information for
oxpanding scope of this research.

RESEARCH DESCRIPTION. React a varioty of liquids and solids
in various environments, Measure reaction/combustion products,
reaction rates, flame-front profiles, temperatures, pressures and
acceleration levels, Progress from simple to complex, as follows:
(1) burn several solids at various Oy partial pressures; {2) burn liquid
hyrirocarbons as above; (3) impinge hypergolic fuels and oxidizers at
various mixtures, (4) burn various metals in different atmospheres.
Accolerometers, pressure transducers, camoras, spectrometers, and
Pyrometers will be used to measure the various parameters,

CONSIDERATIONS FOR IMPLEMENTATION

SPACE FACILITY RESOURCES, Viewported combustion pressure vessol
for tests; power, 750 w, Mass specirometer, gas chromatograph, various
gages and measuring devices.

CREW. Instrumentation specialist, to set controls, position test samplos,
and record visual observations,

DATA. Pressures, temperatures, and reaction-product species recorded on
strip charts; flame-front profile on time-sequenced photographic film;
residue test specimens returned for later analysis,

OPERATIONS. Film resupply. Combustion chamber offluents controlled
to prevent interference with other research. Some personnel safety hazard.
RESEARCH SEQUENCING, Burn must be allowed to proceed uninter-
rupted. Activity sequence described at left,

SUPPORTING TECHNOLOGY DEVELOPMENTS. Contaminant-proof
environmental control and life support system in case of accidentat escaps
of gases; self-balancing, rapid-response optical pyrometer,

RESEARCH COMMONALITIES, Apparatus  common with other
4-P/C-( } research clusters; some commonality with 1-LS-11,

RESEARCH CLUSTER 4-P/C-2—SHAPE AND STABILITY OF LIQUID-VAPOR INTERFACES

ABSTRACT

OBJECTIVES. Obtain data on nature and degree of instabilities at
liquid-vapor interfaces for both cryogenic and noncryogenic liquids
under various low-g conditions.

BACKGROUND. Linnar analysis of liquid surface motion during
filling and draining of tanks in low-g has been performed., Simple
models of axisymmetric reorientation flow partially confirmed by
drop-tower tests, but nonlinear effects (geyser decay, bubble
entrainment) not observable due to short observation time, Long-
tm low-g data required to provide basic design information for
future life support and propulsion systems,

RESEARCH DESCRIPTION, Viewported tanks with removable
baffles and pressurization nozztes used to study static liquid-vapor
interface shape, reorientation flow following tank accelerations,
liquid sloshing response, intertace dynamics during venting, pressuri-
zation, filling and draining; also surface shape and stability of
rotating liquid drops. Wide range of vibration and g levels, Liquid
dynamic bekavior photographed. Vibration signature, g-level, tank
configuration also of interest.

CONSIDERATIONS FOR IMPLEMENTATION

SPACE FACILITY RESOURCES. 400-w power, two or more 600-kg test
tanks, veriable frame-rate movie camera, mass flowmeter, optical
pyrometer, rotational speed indicator, and associated recording equipment.

CREW. Physicist (technician level), to prepare tank, operate valves, and
monitor events,

DATA. Magnetic tape and movie fi!m, Data run approximately 4 hr per
test cycle,

OPERATIONS. Tank venting must be coordinated with other research
activities; film resupply necessary, Constant acceleration not to exceed
+0.1 cm sec-2 during test “ata run, J
RESEARCH SEQUENCING. Initial tests use transparent tank with
simulated cryogenics. Later tests use superinsulated tanks with viawports
and hard cryogenic liquids.

SUPPORTING TECHNCLOGY DEVELOPMENTS. Low-g accelerometer
and isolation mounts; g-level control; onboard film processing,

RESEARCH COMMONALITIES, Some apparatus common with other
4-P/C-( ) research clusters. Common objectives with 1-1.8-1.
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RESEARCH CLUSTER 4-P/C-3-BOILING AND CONVECTIVE HEAT TRANSFER IN ZERO-GRAVITY

ABSTRACT

OBJECTIVES. Determine offect of gravity level on incipient and
nucleate bowing and convactive heat transfer,

BACKGROUND. Freo and forced convection adequately doscribed
by theory and confirmed by 1.g testing, but no known data avaif-
able regording low-g behavior. No comprehensive boiling theory
includes effects of gravity. In limited drop-tower and low-g aircraft
tests, observation time too short for spacecraft heat-transfer design
or for comprehensive boiling theory. No tests performed deal with
important phenomenon of boiling and convection along a boundary
in low-g.

RESEARCH DESCRIPTION. Tosts in a 1-m-diameter by 2-m insu-
lated tank containing LH; ond heater surfaces of various types and
orientations. Primary data are filmed histories of bubble formation,
growth, and detach-.ent from heaters as a function of heat flux,
temperature differential, and local gravity vector. Of particular
mnterst are point of incipient bouing, nucleate boiling, peak heat
flux, and film borling behavior.

CONSIDERATIONS FOR IMPLEMENTATION

SPACE FACILITY RESOURCES, High peak power (3,000 w) but low
average (30 w); B0O kg; 1-m-diameter x 2-m tonk; TV and motion picture
cameras; sensitive Instruments to measure pressure, acceleration, ond
temperature,

CREW. Physicist (technicion level) to activate heoters, observe liquid
motions, and recasd doto.

DATA. Photographic film augmented by audio records and computer
printouts; raw dota required by Principal investigotor on Earth for visual
ovaluation,

OPERATIONS. Resoarch facility g-level rnust be maintained closely during
expgriments,

RESEARCH SEQUENCING. Progress from noncryogenic to cryogenic
liquids and from 102 1o 10'69 {if possible), Test period cannot be
interruptod once begun due to loss of correlation,

SUPPORTING TECHNOLOGY DEVELOPMENTS, G-level control; low-g
eccelerometers and isolation mounts; film ‘video-tape trade study,
RESEARCH COMMONALITIES. Much apparatus common with other
4-P/C-{ ) research clusters, Comman objectives with 1-LS-1,

RESEARCH CLUSTER 4.P/C-4—EFFECT OF ZERO-GRAVITY ON THE CONTROL OF MATERIAL DENSITY

ABSTRACT

OBJECTIVES. Utilize surfave-tension effects, which dominate in
2ro g, to produce materials having controlled-density characteristics
{foams and composites).

BACKGROUND. Sonie foamed metals and glasses, some controlled-
density coatings, anc reasonably unform composites produced on
Earth. Composites usuatly reinforced by filaments, although greatest
strength obtained by single-crystal whiskaers, Production of single-
crystal-whisker composites hampered by difficulty in uniform
whisker distribution in a 1.g field. Improved understanding of
mixing and sotidification is necessary,

RESEARCH DESCRIPTION. Both uniform and controlled-density
Materials attempted. For foams, uniform density sought by extru-
sion of the melt through a gas sparger or by uitrasonic agitation;
variable density foam made with centrifuge. For composites,
uniform whisker distribution sought biy heating and mixing in liguid
state; centrifuge used to create variable density composites,
Pressures, temperatures, and acceleration levels measured,

CONSIDERATIONS FOR IMPLEMENTATION

SPACE FACILITY RESOURCES, High power required for high-pressure
iwsaction furnace: (5-kw average, 20-kw peak), Gas chromatograph, mass
spectrometer, materials analysis microscope, tensile tester, timer, camaras
(TV or film), and measuring dovices for pressure, temperature, and
acceleration,

CREW. Physicist (technician level), to load furnace, adjust test instrumen-
tation and controls, and monitor test results,

DATA. Experiment foamed product itself is raw data. Some low-
bandwidth parameter recording also necessary for control references. Voice
annotation of observations and film,

OPERATIONS. Requires stable near-zero-g environment (10-4g).
RESEARCH SEQUENCING. Would benefit from results of research
cluster 4-P/C-2; predecessor to 4-P/C-6,

SUPPORTING TECHNOLOGY DEVELOPMENTS, Contaminant-proof
environmental control and life support system (in case of accidental release
of molten material); low-g accelerometer and isolation mounts,
RESEARCH COMMONALITIES. Prodecessor to 4-P/C-6; some equipment
common to other 4-P/C-( ) clusters and to 1-LS-11,

RESEARCH CLUSTER 4-P/C-5—-EFFECT OF ELECTRIC AND MAGNETIC FIELDS ON MATERIALS

ABSTRACT,

OBJECTIVES. Establish effects of near-zero4 environment on
behavior of materials in presence of electric or magnetic fields.

BACKGROUND. Electric and magnetic fields have been used to
pravent liquid/vapor agglomeration in LO X transfer. Nonlinear
electric fields increased heat-transfer coefficient of dielectric fluids
and increased heat flux in brth the nucleate and film-boiling
regimes. Limited drop-tower 5.1d low-g aircraft tests partially
confirm predicted behavior, but time of observation too short for
complete confirmation in equilibrium situation,

RESEARCH DESCRIPTION. Sequential heat-transfer tests
utilizing nonlinear electric or magnetir fields. Fluid introduced into
cylindrical tank contaiming central heater with either concentric
screen to provide nonuniform electric field or electromagnet to
provide nonuniform magnetic field. Thermal gradient imposed
across liquid, and heat flux at nucieate and film-boiling points and
at liquid vapor interfece measured as function of field intensity,

CONSIDERATIONS FOR IMPLEMENTATION
SPACE FACILITY RESOURCES, Test chamber, {maximum power, 2 kw;

1]

average power 200 w), timer, camera (TV or film}, flux meter, various test
gages for power, temperature, and pressure control,

CREW. Physicist {professional level) and electronics technician, to prepare
test chamber, control test variables, and monitor data resuits,

DATA. Motion pictures and magnetic tape; raw data required. Evaluated
with Earth-based contrel measurements in 1 g.

OPERATIONS. Maintain « 10-3g during tests; some high-voltage hazard
to personnel,

RESEARCH SEQUENCING. Compare magnetic and field strength defor-
mation effects with control experiments at zero field strength. Variable
scheduling based on availability of crew time; up to 1,000 measurements
may be made.

SUPPORTING TECHNOLOGY DEVELOPMENTS. Low-g accelerometer
and isolation mounts,

RESEARCH COMMONALITIES. Some equipment requirements common
to other 4-P/C-{ ) clusters.
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RESEARCH CLUSTER 4-P/C.6-USE OF 2ERO-GRAVITY TO PRODUCE SUPERIOR MATERIALS

ABSTRACT

OBJECTIVES. Utilize noar-zero-g environmont to Produce superior
glasses, single crystals, and whiskors (microscopic single crystals),

BACKGROUND. Thecreticai aspects of crystal growth wel|
known, However, moasured propoertios of location density of Earth.
grown crystals js much higher than would be expected. Gravity.
induced offects or forces lie., thermai convection in the liquid
phase, density-gradient difference during solution growth, weight,
stross, etc.) contribyte to imperfoctions,

RESEARCH DESCRIPTION, Produce large single crystals by
ﬂom'zono, or solution growth techniques, Whiskers grown either by
vapor transport, thermal dissociau’on, or surface reaction and
preferential nucleation on o substrate, depending on mazerial to be
crystaltized. Giasses produced by initia} rosismnco-heating of the
oxides untiy conductivity of material is sufficient for containerfess
inducuon-heaﬂng. Detormine extont of crystal and glass impurities,
and properties of specimens.

CONSIDERATIONS FOR IMPLEMENTATION

SPACE FACILITY RESOURCES, F urnace chamber, (peak Power, 15 kw;
Gverage powor, 4 kw; 10° torr vacuum), metatlographic kit, x-ray, tensile
tester, microscope, timer, camera (TV or film), instrumenzation controis
ond recorders, gas chrommograph. and mags spectrometeor, Airlock with
oxtendable platform mechanism,

CREW, Physicist, (technicial level), to load chamber, ostablish experimen-
tation cantrols, recover specimens and ovaluate resulits,

DATA, Photographic film; row samples roquired, Stripchart recording of
control doata and specimen anolysis,

OPERATIONS, Maintain « 10'39 during oxperiments, Automatic sofety
interlocks and moltan material shielding required,

RESEARCH SEQuUENCING, Depends upon some results obtaineq from
research cluster 4.P/C.4.

SUPPORTING TECHNOLOGY DEVELOPMENTS. Production of hard
vacuums; low-g accelerometers ang isolation mounts,

RESEARCH COMMONALITIES. Muchk apparatys common to other
4-P/C-( ) clusters.

RESEARCH ct UTTER 4-P/C-7-IMPROVEME
ABSTRACT

OBJECTlVES. I nvestigate levitation melting of conductive
materials at near-zero-g levels, in both inert atmosphergs and
vacuum. Some samples vacuum-cast.

BACKGROUND. Htgh~densitv, low-surface-tension metals cannot
be levitation-melted. Large power requirements (10 to 50 kw) are
necessary to levitate magnetically even a small (10-gram) specimen
at 1-g conditions, Assuming that these restrictiong are eased in near.
Zero-gravity, larger samples with lower electrical conductivity can be
levitation-melted at lower power levels, and because of density
diffeiences, compound semiconductors can be melted without
segregation,

RESEARCH DESCRIPTION, (1) Levitation melting in inert
atmosphere and resolidifying samples at varioys cooling rates,
(2} Levitation melting in vacuum, holding for specified timos in
moliten State, and resolidifying at various cooling rates.
(3) Levitation melting in vacuum and holding for various times in
moiten state. Molten samples then subjected to acceleration forces
and cast into molds,

NT OF MATERIALS BY LEVITATION MELTING
CONSIDERATIONS FOR IMPLEMENTATION

SPACE FaciLiTy RESOURCES, Induction furnace chamber (power:
2 kw average: § kw peak), camerg (TV or fitm), optical Pyrometer, gas
chromatograph, mass spectrometer, and ossociated measurement and
recording apparatuys,

CREW, Physicist {technician levei} and electronics technician, to prepare
specimens, establish process controls, and monitor test results,

DATA, Photographs and stripchart Process data; raw samples returned to
Earth.

OPERATIONS, Controlled low-g and hard-vacuum operation; molten
materiais shielding ang safety interlocks required (temperatures to
3,0000C), Specimen position held to 0.1 mm  from two roference
POsitons, during 1-hour processing time,

RESEARCH SEQUENCING, Critical time-temperatyre relationship main.
tained during procegs.

SUPPORTING TECHNOLOGY DEVELOPMENTS. Specimen Positioning
device; sensitive g-level control,

RESEARCH COMMONALITIES. Apparatus common to other 4-P/C-( )
clusters.

RESEARCH CLUSTER 4-P/C-B—EFFECT OF ZERO-GRAVITY ON PRODUCTION OF FILMS AND FOILS

ABSTRACT

OBJECTIVES, rroduce single-layered and multilayered thin films
in zero-g. Observe su-face-tension effects on sputter and vapor-
deposition processes,

BACKGROUND. Sublimination, Sputtering behavior, and nuclea-
tion kinetics of thin-film production techniques are well known, but
are hmited with respect to material, thickness, dimensional toler-
ance, and size, Experiments are required on use of surface tension
forces in a low-g environment to produce varioys types of thin films
and foils, to confirm analytic Predictions, and to provide materials
for evaluation,

RESEARCH DESCRIPTION, Deposit thin films by sputter and
vapor deposition techniques at various rates ang thicknesses on
various substrates, with an imposed thermal gradient across the sub-
strate surface. Produce foils by extruding molten material through a
die siit, touching the extrudec material with a cooled knife-edge
substrate, then rapidly withdrawing the edge. Vary withdrawal rate
of the knife edge to produce foils of different thicknesses. Deter-
mine materjal frroperties and process variations,

CONSIDERATIONS FOR IMPLEMENTATION

SPACE FACILITY RESOURCES, Induction furnace (average power,
5 kw; peak power, 20 kw), Timer, film thickness monitor, x-ray, profilom-
eter, gas chromatograph, mass Spectrometer, camera (TV or film), and
associated gages and controls,

CREW, Physicist (technician level) and electronics technician, to set up
and prepare furnace, adjust process controls, draw samples, and analy ze
experimental resulits,

DATA. Physical samples plus tapes or printout of experimenta! param.
eters; some phutographs,

OPERATIONS, Safety hazard, since experimenter s in close proximity to
moiten material; maintain low-g environment with an acceleration change
of less than +0.1 cm sec2,

RESEARCH SEQUENCING. Produce control-materia| specimens on
Earth; compare with same Materials produced in orbit.

SUPPORTING TECHNOLOGY DEVELOPMENTS. Molten-fiim drawing
mechanism, Low-g controls,

RESEARCH COMMONALITIES. Some apparatus common to other
4-P/C-{ ) clusters,
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RESEARCH CLUSTER 4-P/C-9~EFFECTS OF ZERO-GRAVITY ON LIQUID RELEASES AND LIQUID DROPS

ABSTRACT

OBJECTIVES. Advance the state of knowledge in basic behavior
of fiuids undor zero-g conditions in support of future fluid-system
dosign and developmont,

BACKGROUND. Behavior of droplets in 2e10-9 has been observed
in free-talling tubes containing mercury. More knowledge is required
about tho interaction of droplets and shapes, and the oscillations
occurring in larger droplots. Kelvin-Helmholtz instabihity in simplo
geometries is understood, but infiuence of gravity on this phenom-
enon is not well understood.

RESEARCH DESCRIPTION. Measure size-distribution of tiguid
droplots, spray velocity, shapo of droplots, spatial distribution, drop
oscillation frequency, and domping constant. Air or another gas
flows over liquid films of various thicknessos; gas stroam is then
passed through aerosol counter to determine droplot size distribu-
tion, Water-saturated air 18 passed over ¢ condensing surface, and
motion of tho condensate and liquid droplet size distributions are
observed. Drop-oscillation frequencies, shapes, und attenuation rotes
are determinod by high-speed photography.,

CONSIDERATIONS FOR IMPLEMENTATION
SPACE FACILITY RESOURCES. Liguid test chamber {average power,
176 w), laser holagraphic or TV camera, with associated controls and
gages.
CREW. Physicist and electronics technician, to prepare gas-droplet
mixture, observe and control measurements, and communicate with
ground-based investigotors on test results,
DATA. Film or video tape; raw cata required. Voice annotation of test
observations on magnetic tape,
OPERATIONS. Low-g tevel (10-3g) required during tests, electrostatically
or magnetically adjusted for rondom g-forces, Controlled gos flow-rate
affects aerosol size, shape, and distribution.

RESEARCH SEQUENCING. Reference data collected in 1.9 environment
prior to flight,

SUPPORTING TECHNOLOGY DEVELOPMENTS. Film/video tape trado
study; lasor holography for throe-dimensionat observation of rotating liquid
drop.

RESEARCH COMMONALITIES. Application to ctoud-physics research,
6-M-4; some apporatus common to other 4-P/C-{ } rosearch clusters.

RESEARCH CLUSTER 4-P/C-10~CAPILLARY FLOW IN ZERO-GRAVITY

ABSTRACT

OBJECTIVES. Obtoin information basic to understanding of
capitlary flow in zero-g, as found in wicks, packed beds, and straight
und converging channels.

BACKGROUND. Copillary flow of liquids in screen wicks, packed
beds, and various capillary channels in low-g are of interest because
of the difficulty of simulation under normal gravity. Knowledge of
these phenomena will contribute nor only 10 basic scientific knowt-
edge of capillary flow but also to design confidence required for
future-generation space process equipment that makes use of this
phenomenon.

RESEARCH DESCRIPTION. Observe flow of various liquids in
wicks, packed beds, and straight and converging capitlary channels
In suitable test enclosures. Study wicking rates as well as flow under
various pressure differences, Take data on volume charge of
bladdered liqind samples at one end of o test specimen; and visually
observe motion of Hquid-vapor interface, and temperature change at
a prepositioned hcated test element as liquid-vapor interface arrives
at the location,

CONSIDERATIONS FOR IMPLEMENTATION

SPACE FACILITY RESOURCES. Test chamber tank system (average
power, 260 w). Variable framo-rote camera, powor meter, and associated
controls, gages, and recording aquipment.

CREW. Physicist {technicion level) ond electronics technician, to insert
test specimens, adjust and operate controls, and monitor test results,

DATA. TV video and control parameters on magnetic tape; raow dota
dosirable for comparison with ground controf data.

OPERATIONS. R. ,uires controlied and ropeatable g-lovels in four ranges
{10-2 t0 10-6 g} for 10-minute test periods,

RESEARCH SEQUENCING. Recommended that all tests ot o particular
g-level bo done in sequence (360 minutes per sequence, four sequences).
Requires reference data in 1-g prior to flight,

SUPPORTING TECHNOLOGY DEVELOPMENTS, L.ow-g accelerometer
and isolation mounts, g-level control system,

RESEARCH COMMONALITIES. Some apparatus common to other
4-P/C-( ) research clusters. Applies to advanced life support and protective
systems,

RESEARCH CLUSTER 4-P/C-11-BEHAVIOR OF SUPERFLUIDS IN THE WEIGHTLESS STATE

ABSTRACT

OBJECTIVES. Gather low-g experimental data about the behavior
of superfluids in space. Investigate influence on the fountain and
creeping-film effacts.

BACKGROUND. For the fountain effect, excellent agreement has
been obtained between existing theories and 1-g experiments, using
liquid helium. No comprehensive theory adequately predicts the
results of 1.g experiments involving the creeping-film effect. Data
not yet available concerning these effects in reduced-gravity
environments,

RESEARCH DESCRIPTION. Use low-temperature liguid-hetium
dewar with one or more viewing ports to visually observe behavior
effects in low-g environments, A concentric capiliary tube with a
wider section below it will be used to observe the rasponse of the
fountain of tiguid helium upon the application of heat. The liquid
transfer rate of helium to or from the inside of a partially sub-
merged open-ended cup will be used to observe the creeping-film
effect.

CONSIDERATIONS FOR IMPLEMENTATION
SPACE FACILITY RESOURCES. Cryogenic dewar test vessel (power
requirements, 20 w); supply of liquid helium, timer, camera (TV or movie),
and associated controis and gages.
CREW. Physicist (technician level), to prepare cryogenic tank, insert test
object, observe and control measurement conditions, and record test
rosults,

DATA. TV or movio fitm; raw data, test control data, test run of images
transmitted to ground.

OPERATIONS. Must maintain three differont g-levels: 10-2, 104, and
10-6g, during experiments.

RESEARCH SEQUENCING. Perform experiment after liquid helium
reaches equilibrium; compare with 1-g control data on ground. Time
marker piaced on TV-camera recordings.

SUPPORTING TECHNOLOGY DEVELOPMENTS. Low-g accelerometers
and isolation mounts; g-leve! control system,

RESEARCH COMMONALITIES. Same instrumentation as used for
4-P/C-3 and -10.
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RESEARCH CLUSTER 4-PP.1 —SPACECRAFT-ENVIRONMENT PLASMA INTERACTION

ABSTRACT

OBJECTIVES, Doterming proporties and oxtent of disturbance
cousod by passage of a large body through the ambient space plasma
environment,

BACKGROUND. Theoretical wake physics predictions himited to
altitudes of 160 1o 1,000 km. Plasma instabilities, collective offocts,
and compiex spacecraft interactions hove been ignored. Wake intor-
action dynamics extremoly difficult to simulate in laboratory. Veory
hmited measurements on previous spacetlights.

RESEARCH DESCRIPTION. Examine near-region of the wake
from the space vehicle itgelf, using surface- and boom mounted
probes. Far-wake requires aither tetherod nstrumentation or maney-
verabie gubsateliies, Measure woke phenomena: (1) particle
densities and temperatures with Langmuir probes, using retarding
potential techmiques, (2) ion analysis and neutral gas composition,
(3) the local geomagnetic vector, and (4) fluctuating eloctric field
measurements. Repeat measurements, since might/day and other
vanations will occur. Confirm the nature of these changes.

CONSIDERATIONS FOR IMPLEMENTATION
SPACE FACILITY RESOURCES. Gonerally modost subsystom support
(200 w, 500 kg, and 1 m3d), Langmuir protios (20 m) on oxtendabio booms,
RF ion mass spectrometor, three-axis flux gate mapnetometor, subsateliite
probe, computer, and rocording oquipment,
CREW, Physicist {protessionat level) and olectronics technician, 1o prepare
probes, track and position subsatellites, and monitor tosts,

DATA. Low dota rates {+ 3kH2) but onboard computer analysis of row
data required until experiment becomes routine.

OPERATINNS. Coordinate subsatellite operations and boom deployment.
Attitude rensing « 1.0 degrees. Fixed circular gquatorial orint,

RESEARCH SEQUENCING. Runs continuously after re'ease of probes or
subsatelhites,

SUPPORTING TECHNOLOGY DEVELOPMENTS. Subsateliite design
and opoeration; dc olectric figld mstrument; coordinated theoretical and
oxperimental plagsma program, ground and space.

RESEARCH COMMONALITIES, Minor overlap with objectves of &-P-1
and -3,

RESEARCH CLUSTER 4-PP-2-ENERGETIC PARTICLE DYNAMICS IN THE MAGNETOSPHERE

ARSTRACT

OBJECTIVES. ldentty origin and dynamic processes of trapped
energetic particles. Map magnetosphere electric and magnetic fields,

BACKGROUND. Main magnetosphere energetic-particle constit-
uents are electrons and protons. Alpha particlos detected, but
limited observations of vaniations i abundance and spatial distriby-
tion. Electron enorgies range from below 1 kev to soveral Moy,
whereas proton energies range up to severgl hundred Mev.

RESEARCH DESCRIPTION. Measure (1) release of alkol metal
clouds, {2) injection of high-energy elections, and (3) propagation
of high-power VLF waves. For the first, a subsatellite equipped with
diagnostic instrumentation releases a barium cloud several kilo-
meters from research facility. For the second, generate artiticigl
aurora by means of a 10-kev, 1-0mp electron beam with diagnosties

CONSIDERATIONS FOR IMPLEMENTATION

SPACE FACILITY RESOURCES. Subsatetites equipped with barum
release canisters and/or diagnostic mstrumentation, Ten-kw peak power for
both VLF and olectron beams, Magnetometers, photometer, camera,
vidicon, Langmuir probe, electron onergy detector, etc., with associated
recorders and displays,

CREW. Physicist (professional level), aided by astronaut, to prepare,
release, and control subsatellites, and to monitor results,

DATA. Onboard evaluation of data. Telemetry and TV channels from
subsatellites, Tape recorder and film,

OPERATIONS, Barium release. Equatornig! synchronous orbit; hazard
from canisters. VLF waves: 55 degrees, 120-nmj orbit, 375-m antenna.

RESEARCH SEQUENCING. Continuous subsatellite data collected for
2 hours. (Subsatellite may be retrieved after experiment.) Record values a5
minutes before canister4elease,

SUPPORTING TECHNOLOGY DEVELOPMENTS. Subsatellite design
and operation. Film/video tape trade study.

RESEARCH COMMONALITIES. Similar 10 4.PP-4,

RESEARCH CLUSTER 4-PP-3—-THERMAL PLASMA I THE IONOSPHERE AND MAGNETOSPHERE

ABSTRACT

OBJECTIVES. Understand processes for formation, control, and
distribution of thermal plasma in onosphere and magnetosphere.

BACKGROUND. Plasma behavior in ionosphere governed by
latitude, geomagnetic field, and closed geometry. Processes in
1onosphere  complex, but characteristics obtained from changes
caused by locat-environment perturbations. Magnetospheric plasma
exhibits different density and velocity profile since system s open
at igher latitudes.

RESEARCH DESCRIPTION. Examine behavior by (1} alkan metal
cloud tracer describad in research cluster 4-Pp.2; (2) VLF -wave
Propagation (cluster 4-PP.2, except only “tracer’’ experiment), to
relate electron density to  “‘whistler’ ducting; (3) RF -plasma
resonance, similar to iSIS topside sounder, Plasma resonances stimu-
lated by Propagating short RF puises ut various frequencies and with
different orientations relative to magnetic field fines. Resonance
Structure found by observing resonant behavior wtth receiver.
Instrumented subsateilite used to perform canister injection for
cloud tracer, and measure orthogonal magnetic forca field.

CONSIDERATIONS FOR IMPLEMENTATION

SPACE FACILITY RESOURCES. Crossed dipole antenna, dipole arms 73
and 19 m, High-powered (* 10-kw) VLF through HF transntter and
receiver, magnetometers, subsatellites, controls, and displays.

CREW. Physicist {technician tevel) and astronaut, to eject subsatellite,
control operations, and observe results,

DATA. 35mm film; video tape or direct telemetry transmission to
ground. Three channels (50-kH2z, 100-kH2; 3-MH2 bandwidth),
OPERATIONS, Subsateihites for alkali metal cloud releases and remote
observations, controlled from manned facity, VLF requires EVA for
antenna deployment, Hazard associated with  alkah metal canister
pyrotechnics,

RESEARCH SEQUENCING. Alkals metal cloud tracer experiments,
2-hour uninterrupted observation, Requires subsateliite positioning and
station-keeping. Ground-based research program coordinated with orbital
activities,

SUPPORTING TECHNOLOGY DEVELOPMENTS. Subsatellite design
and operation.

RESEARCH COMMONALITIES, Equipment from 4-PP-2  Obyectives
complementary to 5-F-1 and 3.
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RESEARCH CLUSTER 4.PP.4-AURORAL PROCESSES

ABSTRACT

OBJECTIVES. Produce smoll, aruficial suroral spots ot various
latitudes by three processes: alkali metal injection, electron boom
interaction, and VLF wave interaction,

BACKGROUND. Study and analysis of auroro dates back to
Aristotie. Auroral displays rosult from the ionization of atmospheric
constituents by the enorgotic electrons and protons of tho solar
wind. Howevor, the fundamontal processes within the aurora ure stitl
not undorstood.

RESEARCH DESCRIPTION. Triggering of aurora by alkal
chemical means involves techniquos described in research cluster
4-PP-2, except that chemicals proposed here include SF, and are
released in much larg r quantitios. Techniques involved in auroral
production by energetic eloctrons are same as those of cluster
4-PP-2. The third techmque, auroral production by VLF wavo inter-
action, 15 o second-order effect of rosoarch cluster 4.PP-2, since
clectrons that may be precipitated by VLF interaction could be
related to natural auroral phenomena.

CONSIDERATIONS FOR IMPLEMENTATION

SPACE FACILITY RESOURCES, High peak-power requirements (10 kw),
deployable 376-m crossed-dipole  antenna, Instrumonted subsotoliites,
electron beam accelerotor, VLF transmittor/recover, electron detector,
plasma wave detector, otc., with associated recording o qipment,

CREW. Physicist (profossional levol), aided by olectro-mechanical toch-
niclan and astronaut, to launch and control subsatellites, obsorve, and
ovaluate tests,

DATA. Onboard evaluation of row doto. TV vicdeo and photographic fitm,
Tetemetry and control dota on magnotic tape.

OPERATIONS, inclinations from O {for chemicatl releasos) to 90 degrees
{for VLF wave propagation), Chemical injection at ~500 km,

RESEARCH SEQUENCING. Eject and position instrumonted subsatel-
lites. Test for periods of a lew hours. Coordinate with ground measuring
activitios,

SUPPORTING TECHNOLOGY DEVELGPMENTS. Design subsoatoltites;
long-term coordination with other plasma reseavch activities: film/video-
tape trade study; study of contamination by physics exporiments,

RESEARCH COMMONALITIES, Similar to 4-PP-2,

RESEARCH CLUSTER 4-CR-1-CHARGE AND ENERGY SPECTRA OF COSMIC-RAY NUCLEAR COMPONENTS

ABSTRACT

OBJECTIVES. Dotermine charge and anergy composition of nuclel
thot make up greatest part of high-energy cosmic-ray flux. Utilize
available primary energies for interaction experiments

BACKGROUND. Experimenters have moasured flux and energy
spectrum of protons in 20-MeV to 10-GeV range, and of helium
nuclei from 156 MeV to 30 GeV per nucleon. Over roughly same
energy range, dato available on flux of Be, 8, C. N, O, Ne, Mg, S,
and the group 16 <2 .30 (Z - atomic number). Above 10 Gev
per nucleon, data are sparse on enerygy spectra of individual specigs.

RESEARCH DESCRIPTION., Threo types of instruments are used
to deterimine charge and energy of high-energy particles: (1) propor-
tional or scintillation Cerenkov counters to measure 2° Flv),
(2) magnetic spectrometers to measure mumentum per 2, (3) total
energy counters. For relativistic particles, any two of these measur o
ments are sufficient to determine charge and energy, provided the
ratio of mass to charge is known. To measure 1sotopic abundance,
all three measurements are required. Requires a large magnet and
total-energy spectrometer,

CONSIDERATIONS FOR IMPLEMENTATION

SPACE FACILITY RESOURCES. Superconducting magnot, cryogenic
system, proportional Cerenkov counter, magnetic spectrometer, total-

enorgy counters, etc., and supporting recording and metoring equipment;
12,000 kg total,

CREW. Physicist (professional level), assisted by two electrical enginoers,
to calibrate and maintain equipment, monitor data inputs, and analyze
resuits.

DATA. Raw data required for onboard analysis; photographic film and
magnetic tape,

OPERATIONS. Maintain precise goeometrical and electronic configuration
during data run. Magnetic moment (106 amp/m?2) soverely perturbs
spacecraft stabilization. Avoid natural trappod-radiotion beits,

RESEARCH SEQUENCING. Fiexible scheduling and experiment reconfig-
uration mandatory since existence of many particles is not certain.
SUPPORTING TECHNOLOGY DEVELOPMENTS. Large cryogenic sys-
1ems in space; superconducting magnet desgn; film developmaent.

RESEARCH COMMONALITIES, Complements other research clusters in
4.CR-{ ) saries. \

RESEARCH CLUSTER 4-CR-2—ENERGY SPECTRUM OF
ABSTRATT

OBJECTIVES. Determine broperties of the electron-positron
component of primary cosmic radiation. Test validity of theories of
origin of cosmic radiation and diffuse x-ray background.

BACKGROUND. Primary electrons thought to be generated by
two different processes: (1) by acceleration of low-energy electrons,
and (2) as secondaries from the nucleonic-component colhisions of
the cosmic radiation. Approximately equal electrons and positrons
result from nuclear reactions. If A cosmic-ray electrons were
secondares from the nuclear comy.anent, equal numbers of
positrons and electrons would be expected. Measurements indicate
about ten times as many electrons as positrons, at least between 0.5
and 10 GeV.

RESEARCH DESCRIPTION. Obtain data on flux and spectra over
wide energy range  Experimental arrangement depends on large
superconducting magnet. Uses multiwire spark chambers to define
path of particle through magnetic field, total-energy counter in
which energy of electromagnetic shower 1s measured, and a set of
counters to trigger the systam.

THE HIGH-ENERGY PRIMARY ELECTRONS AND POSITRONS
CONSIDERATIONS FOR IMPLEMENTATION

SPACE FACILITY RESO!PCES, Suparconducting magnet, cryogenic
cooling, spark chambers, towai-energy counter, positron detector threshoid
alectronics, and supporting recording and metering equipment at display
console; about 1,000 kg total,

CREW. Physicist {professional level), assisted by two electrical engineers,
to establish configuration geometry, perform calibrations, and momtor
operations.

DATA. Raw data required for onboard analysis; tape and photographic
film.

OPERATIONS. Incident direction of particle defined from instantaneous
spacecraft orientation.

RESEARCH SEQUENCING. Flexible scheduling and experimant reconfig
uration mandatory. Run continuously (once initiated) until sufficiont
statistics are accumulated.

SUPPORTING TECHNOLOGY DEVELOPMENTS. Large cryogenic sys
tems in space; superconducting magnet; film processing in zero-g.

RESEARCH COMMONALITIES. Complements other research clusters in
4 CR-{ ) series.
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RESEARCH CLUSTER 4-CR-3—-ENERGY SPECTRUM AND SPATIAL DISTRIBUTION OF PRIMARY GAMMA RAYS

ABSTRACT

OBJECTIVES. Increase understanding of energy spectrum, source
mocharisms, and spoatiol distribution of incident primary gammo
rays from o monned orbital cosmic-ray laborotory.

3ACKGROUND. Space study of the ircident flux of primory
jomma rays can lead to the solution of some of the most fundo-
nental problems of astrophysics, such as the presence of antimatter
n the universo, tho properties of galactic and intorgolactic matter
and magnetic Helds, and tho general question of tho origin and
nature of discrote cosmic-ray sources. Weak sources of gamma roys
are detocted only above the atmosphere.

RESEARCH DESCRIPTION. Detect oand count particles. For
neutral particles to be detected, they must first interact to produce
charged particles. High-enorgy gomma rays are detected through
their production of election-positron pairs in a convertor. Dotermine
the direction and energy of incident photons by analyzing the
trajoctory ond energy of the pawr produced. Multiplate spark
chambors, a superconducting magnet, and scintillator arrays are
required.

CONSIDERATIONS FOR IMPLEMENTATION

SPACE FACILITY RESOURCES. Superconducting magnet plus other
heavy, bulky appaoratus, such as scintillator arrays, multiplate spork
chumbers, and associoted recording, computer, and display equipment.

CREW, Physicist {professional level), assisted by two electricol engineers,
to establish configuration geometry, perform equipmont colibration moni-
tor operations, and analyzo test dota.

DATA. Raw data required for onboard anolysis; photographic film ond
magnetic tape.

OPERATIONS, Pointing accuracies up to 0.1 degren. Space scanning
direction for both scan and fixed pointing modaos.

RESEARCH SEQUENCING. Flexible scheduling ond experiment reconfig-
uration mandatory.

SUPPORTING TECHNOLOGY DEVELOPMENTS. Large cryogenic sys-
tems, superconducting magnet, photographic fitm processing.

RESEARCH COMMONALITIES. Results impact upon 4-CR-5,

RESEARCH CLUSTER 4-CR-4—LONG-LIVED HEAVY ISOTOPES IN COSMIC RAYS

ABSTRACT

OBJECTIVES. Detect and identify the very very heavy (VVH)
1sotopes that are present in the primary cosmic radiation. Measure
1sotopic abundoance and ngidity spectra of transuranic nucler,

BACKGROUND. Theso particles have very shart interaction
lengths. Attempts to detect them with balloons have indicated only
that such particles are indeed present in the incoming radiation, and
in greater abundance than predicted by universal abundance compi-
lations. Longer observation experiments 1o detect VVH primaries
would be possible from onboard a space platform.

RESEARCH DESCRIPTION. identufy particies using nuclear film
emulisions, plastic sheets, or stacks of both. Deduce particle mass,
using the usual tniggening logic and spark chambers and a transition
radhation detector for measuring velocity, and a TANC detector for
measuring energy. Alternatively, use large-area ionization and
Cerenkov counters in combination to measure particle mass. Meas-
urements run continuously until sufficient statistics are accumulated
to pernt the abundancies of the nuclel to be determined.

CONSIDERATIONS FOR IMPLEMENTATION

SPACE FACILITY RESOURCES. Shiglded, temperature-controled stor-
age required if emulsions are used. Detector arrays, 100-kg/m2; alternative
detection systoms of triggoring electronics, spork chambers, or Cerenkov
and ionization counters for automated threshold computer control,

CREW. Physicist (professional level}, assisted by electromechanical tech-
nician, to perform EVA, reco - exposed plates, and analy ze data.

DATA. Raw dota required for onboard analysis; photographic film and
magnetic tape. Computer printout in sutomated system,

OPERATICNS. Low equatorinl orbit highly desirable to reduce emulsion
fogging from radiation.

RESEARCH SEQUENCING. Flexible scheduting and expeniment reconfig:
uration mandatory.

SUPPORTING TECHNOLOGY DEVELOPMENTS. Transition radiation
detector. Film processing and plate etching in zero-g.

RESEARCH COMMONALITIES. Supplements other research clusters in
4-CR-{ ) senes

RESEARCH CLUSTER 4-CR-5—~ANTINUCLEI IN COSMIC RAYS

ABSTRACT

OBJECTIVES. Detect antinucler in cosmic rays and thus provide
insight into fundamental questions 1n cosmic-ray physics, cosmol-
ogy, and astrophysics.

BACKGROUND. With discovery of the positron, physicists and
phitosophers alike prodicted existence of other antiparticles.
Symmetry between particles and antiparticles is now fundamental
principle of physics. Several questions arise. Where s the anti-
matter? What keeps it from annihilating with matter? How can 1t be
detected? Key to the answer to last of these questions centers on
observing primary cosmic rays for existence of antinucle.

RESEARCH DESCRIPTION. Superconducting magnet i1s primary
nstrument, since no other instrument has the ability to separate and
determine the sign of the charge of a high-energy nucleus. In addi-
tion to the polarity determination of the particle trajeciory, the
sense of the particle must be found, using scintillation counters and
spark chambers. Time-sequence data can also be obtained with the
scintitlation counters. Measure total energy, using 1 i-absorption
nuclear cascade (TANC) counter.

CONSIDERATIONS FOR IMPLEMENTATION

SPACE FACILITY RESOURCES. Superconducting magnet plus other
heavy, bulky apparatus; 12,000 kg total mass. Total absorption nuclear
cascade (TANC) counter, computer-controlled threshold electronics, scin-
tillators, spark chambers, etc., with associated recorders and displays.

CREW. Physicist (professional levell, assisted by two electrical engineers,
to configure instrumentation, monitor operations, and analyze data.
DATA. Raw data requirzd for onboard analysis; photographic film and
magnetic tape.

OPERATIONS. Experiment runs continuously once initisted. Requires
careful timing sequence and geometric control.

RESEARCH SEQUENCING. Flexible scheduling and experiment reconfig
uration mandatory since existence of antinuclel particles 15 not certain.

SUPPORTING TECHNOLOGY DEVELOPMENTS. Large cryogenic sys
tems superconducting magent, film processig in zero-g.

RESEARCH COMMONALITIES. Reconfiguration of same equipment as
for 4-CR-1,
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RESEARCH CLUSTER 4-CR-6-QUARKS (STABLE FRACTIONALLY CHARGED PARTICLES) IN COSMIC RAYS

ABSTRACY
OBJECTIVES. Search for quarks and verify physicol theory,

BACKGROUND. Tho quark mode! of Gell-Mann and 2woig has
had groat success theoretically. it rorrectly predicted existence of
the {2 particte. 118 usotuiness as @ guide to the classification of stotes
of elementary particlos has been tirmly ostablished. The existence of
quarks led to the prediction of the scalar moson, Quaorks reportedly
observed in two oxperiments, but much controversy oxists and
claims are currently boing disputed, Furthor supportive work to
search for quarks is important 10 cosmic-ray physics.

RESEARCH DESCRIPTION. ,Search for and positively identify
fractionally charged particles. Use detectors and ofectronic countors
rather than a bubblo chamber. Positive identification of fractionatly
charged particles moy employ spork chambors triggored by scintil-
lotors, a superconducting magnot, and onergy-loss and total-energy
detoctors. Measuro mass, energy, and chargoe leveol of the particlo,

CONSIDERATIONS FOR IMPLEMENTATION

EPACE FACILITY RESOURCES, Superconducting magnet plus other
heavy, bulky apparatus, such as spark chambers, energy-loss detector,
total-energy detector, onboard computer, etc. with various controls and
instrumented displays.

CREW. Physicist (professional fevel), assisted and by two eolectrical
engineers, to configure apparatus, perform calibrations, and complete
analysis,

DATA, Raw data required for onboard analysis; tape and photogrophic
fitm,

OPERATIONS. Detcction threshold oy event is computer-logic controlled
and alarm activated.

RESEARCH SEQUENCING. Floxible scheduling and experimont rocontig-
uration mandotory since existence of many porticles is not certain,
Recheck calibration of equipment immediately following event duscovery,

SUPPORTING TECHNOLOGY DEVELOPMENTS. Large cryogenic sys-
tems; superconducting magnet; film procoessing,

RESEARCH COMMONALITIES. Research may be combined with
4-CR-1,

RESEARCH CLUSTER 4.CR-7- UNKNOWN PARTICLES IN COSMIC RAYS

ABSTRALCT

OBJECTIVES. Analyze the incoming cosmic-ray beam before it
interacts with the atmospherg, 1o search for rare particles that have
not boeen detected on the Earth,

BACKGROUND. Spacecborne research may offor unrealized
research opportunities. Possibly only negative experiments will be
performed; i.e., new lower limits will be placed on cross-sections or
abundancies. £ xperiments, for the most part, are simply tho identifi.
cation of unusual ovents in other experiments. An axception to this
occurs, however, when a specific particle 18 being sought (for
example, the magnetic monopole).

RESEARCH DESCRIPTION. Nonspecific experiments, Analyze
data from other experiments to search for and screen now particles.
Theoretical predictions may indicate thot experimentation should
be undertaken in a search for some particular particle. Exploit
reconfiguration capabilities, if such a need arises, Cosmic-ray labora-
tory will be capable of providing the apparatus nacessary,

CONSIDERATIONS FOR IMPLEMENTATION

SPACE FACILITY RESOURCES, Usos cosmic-roy physics apparatus
already oboard the space facility; these ere described for other 4-CR-{ }
research clustors.

CREW. Physicist (professional level), assisted in general activitios by two
electrical enginvers and a technician.

1DATA. Raw data probably required for onboard analysis; some photo-
graphic film and magnetic tape oxpected.

OPERATIONS. Variable but dopends on experimental opportunities that
are not defined at outset of mission,

RESEARCH SEQUENCING. Flexiblo scheduling and experiment reconfig.
uration mandatory since oxistence of many particles is not certain,

SUPPORTING TECHNOLOGY DEVELOPMENTS, Same requirements as
‘or other 4-CR-( ) research clustors.

RESEARCH COMMONALITIES. Need for exporimentation in this
research cluster can arise from any other cluster in the 4.CR-( ) serios.

RESEARCH CLUSTER 4-CR-8—CHARACTERISTICS OF ALBEDO PARTICLES ABOVE 100 MoV

ABSTRACT

OBJECTIVES. Measure the intensities and enargy spectra of all
components of the cosmic-ray albedo.

BACKGROUND. Cosmic-ray albedo is the flux of particles leaving
the atmosphere as a result of bombardiment by cosmic-ray priraaries.
Great majority are secondaries generated by interactions of
primaries in the atmosphere. Because of strong collimation in the
forward direction, only a small fraction of the high-energy particles
will leave the top of the atmosphere. Measurements of flux and
energy dhistribution of neutrons leaving the atmosphere are impor-
tant because of influence on the population of the radiation belts.

RESEARCH DESCRIPTION. Determine the spectrum and inten-
sity of albedo electrons and positrons above 100 MeV, and observe
how these parameters change with geomagnetic coordinates and
time. Distinguish between primary particles and albedo particles by
analysis of scintillation pulses. Requires a superconducting magnet,
spark chambers, scintillation counters, a total-absorption scintilia-
tion counter (TASC), and electronics for control and analysis.

CONSIDERATIONS FOR IMPLEMENTATION

SPACE FACILITY RESOURCES. Requires superconducting magnet plus
other heavy, bulky apparatus, as described in Research Clustor 4.-CR-2,

CREW. Physicist (professional level), assisted by two electrical engineers,
10 sot up apparatus configuration, perform calibrations, and monitor data
rosults,

DATA. Raw data required for onboard analysis; tape, photographic film,

OPERATIONS. Spacecraft instantaneous orientation important to analyze
particie incident direction.

RESEARCH SEQUENCING. Capability for flexible scheduling and
experiment reconfiguration mandatory. Any data run, once initiated, must
proceed to completion uninterrupted.

SUPPORTING TECHNOLOGY DEVE LOPMENTS. Large cryogenic sys
tems in space; superconducting magnet, film processing in zero-g.

RESEARCH COMMONALITIES. All other clusters in 4-CR-{ ) series
provide some data for this cluster.
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RESEARCH CLUSTER 4’CR-9=NUCLEON-NUCLEON CROSS SECTIONS AT HIGH ENERGIES

ABSTRACT

OBJECTIVES, Measure the cross-sections of the p.p, PN, and n.n
Interactions at high energies.

BACKGROUN.), Many of the questions N interaction physics thay
cannot bo answered with the enorgios currently available ot high.
onorgy accolorators would benetit greatly from o spacecroaft facility.

RESEARCH DESCRIPTION, Study fundamentat fuclear reae-
tions. To make offoctivo uso of the cosmic.roy laboratory in
Studying high-enorgy interactions, incidont beam should bo of highor
onergy than thot obtainable in g ground-based laboratory, Study of
the high-enorgy beam capabilitios of both current and planned
accelerators shows that tho space cosmic-ray laboratory wiil be
usoful only for studying reactions gbove about 10'2 oV, wth
possiblo later developmenys raising this vatue to 1019 gy

CONSIDERATIONS FOR IMPLEMENTATION

SPACE FACILITY RESOURCES, Superconducting magnet pius other
heavy, buiky apparatus. Incoming particle identification system, hydrogen
target, magnetic spectiometer, total-energy detector, and support
eéquipment,

CREW. Physicigt {protessional level), assisted by wo electrical engineers,
o establish equipmeny configuration, calibrate and oporate system, and
analyze datg,

DATA. Raw data required for onboarg analysis; tape ang photographic
film,

OPERATIONS, Cryogenics resupply for magnet and liquid hydrogen
target. Safety hazard related to liquid hydrogen target. Computer.
controlled logic angd signal-threshold alarms,

RESEARCH SEQUENCING. Flox iblo scheduling and oxperiment rocunfig.
uration mandatory since existence of many particles Is not certain,
SUPPORTING TECHNOLOGY DEVELOPMENTS, Large cryogenic sys.
tems for use with liquid-hydrogen target duvice, superconducting magnot,
fitm Rrocessing in 2810+,

RESEARCH COMMONALITIES, Apparatus shared with othor ressoarch in
A-CR-( ) serigs,

RESEARCH CLUSTER 4-CR-10-SPALLATION CROSS SECTIONS AT HIGH ENERGIES

ABSTRACT

0BJECTIVES. Study nuclear spallations nvolving high-enorgy
nuclor on protons using the primary cosmic radiotion as the incideont
beam,

BACKGROUND., The encrgy of 5 single proton boam,
65X 10" ev, o the National Acceterator Laboratory (NAL), ropre-
sents the highest energy ot which spaitation reactions can currently
bo studied. Experimeny should be porformed with auctes incadant on
protons. for tho value 2 26, energios available from accolorators
are limitod to less than 100 MeV per nucleon, and a space labora-
tory is a suporior alternative,

RESEARCH DESCRIPTION, Measure reaction rates and reaction
products of mgh-enurgv particles. lncommg particle passes through g
transition datector and 2 muitiwire Proportional counter which
determing the charge, onorgy, and location. Employs a chamber
containing liquid or solig hydrogon, a superconducting magnet to
separate low-enorgv particles from the primarios, and a second
Multiwire Proportional counter to determine final energy.

CONSIDERATIONS FOR IMPLEMENTATION

SPACE FACILITY RESOURCES, Supomonducnng magnot plus other
heavy, bulky apparatus, includirg teansition detector, proportional
counters, liquid/solid hydrogen tar; <, and associated recording and display
equipment,

CREW. Physicist {professionot levol), assisted by two electrical onginears,
10 configure apparatus, calibrate gnd operate equipmont, and anoly 2o test
dota,

DATA, Row date required for onbogrd analysis; tape and photographic
film,

OPERATIONS, Cryogenics for magnet and Mquid-lwdrogon ‘arget. Sofety
hazard associated with liquid-hydrogen targot.

RESEARCH SEQUENCING, Fiox ible schoduling and Oxporiment recontig.
uration mandatory, Detector timing sequonces, referenced to spacecraft
coordinates, determine incident particie direction,

SUPPORTING TECHNOLOGY DEVELOPMENTS. Large cryogenic SY§-
tems in space, superconducting magnet, transition radiation detector film
processing in 20r0-g,

RESEARCH COMMONAUT!ES. Apparatus common to other research
clustors in 4-CR-{ ) 80108,

&>
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COMMUNICATIONS AND NAVIGATION

RESEARCH CLUSTER 5-N-1-TERRESTRIAL NOISE MEASUREMENTS

ABSTRACT

OBJECTIVES. Statistical contour mapping of the Earth’s opparent
RF noise temperature. Daterming ambient radio signal environment,
as seen from spacocroft, for VHF through EMF wavelengths,

BACKGROUND. Eorth-to-space communications system dosign
mvolves knowlodge of the spoctral density of man-made and naturat
AF encrgy at the spacecraft. Only a few localized noiso meamure
monts from mobus and airborne receivers have beon made, with
doto widely separated in time, frequency, and location.

RESEARCH DESCRIPTION. Global dotection of torrestrial RF
noise emissions mapped for various meteorological conditions,
vielding apparent ambient source temperatures as o function of loca-
tion, frequency, ongle of incidence, signal polarizotion, viad receiver
bandwidth. Uses 20 radiometric, low-noise receivers with band-
widths of about 100 MHz to cover the spoctrum from 100 MHz to
100 GHz. Extornal noise temporature seen by antenna would bo
related to geographic coordinates to plot noise-contour n.aps and to
estobhsh  signal detection thresholds. Polar orbits desirable to
achieve complete Earth coverage.

CONSIDERATIONS FOR IMPLEMENTATION

SPACE FACILITY RESOURCES. Radiometric broadband receivers and
antennas for coverages from 100 MMz to 100 GHz, Catibration to interna
referenco and cosmic background radiation, Attitude control for antenna
pointing.

CREW. Communicotions spccialist, to sot up equipment, monitor apera
tions, and record data, Possible EV A for large erectable antennas.

DATA, Magnetic tape and X-Y plotter outputs of antenno directivity
correlated *0 spacecraft altitude and goographic coordinates.

OPERATIONS. Continuous 3-hour dote runs. Data covering 1 year
dosirablo,

RESEARCH SEQUENCING. Initially, concentrato on areas covered by
space communications systems, Full global coverage is o mojor rescarch
objective,

SUPPORTING TECHNOLOGY DEVELOPMENTS. Develop computer
software; refine design of cryogonic radiometric low-noise receivers.

RESEARCH COMMONALITIES. Predecessor to 65-N-2. EVA may be
evaluated by 1-0E-2 and -3.

RESEARCH CLUSTER 5-N-2-NOISE SOURCE IDENTIFICATION

ABSTRACT

OBJECTIVES. Geographicalty locate and ids.atify discrete sourcos
of tarrestrial electromagnetic energy emitters, primarily in 100-MHz
to 100-GHz range. Collect and anolyze RF noise emitter signatures
to determine origin and character (natural or man-made) of these
interfering, radiating sources.

BACKGROUND. Reliable Earth-space communications systems
links must consider RF power levels and associated modulation
structures of interfering noise or unwanted random signals. These
data permit more effective use of RF spectrum.

RESEARCH DESCRIPTION. Locate terrestrial noise sources and
subsequently identify and characterize emissions using swept-band
receivers connected to narrow-beam broadband antennas, with
appropriate signal processing and spectrum analysis equipment, RF
source geographic coordinates obtained as function of spacecraft
position and antenna pointing and acquisition geometry. Ground
target resolution depends “jpon antenna aperture, spacecraft
altitude, stability, and pointing accuracy. Polar orbits desirable to
achieve complete Earth coverage.

CONSIDERATIONS FOR IMPLEMENTATION
SPACE FACILITY RESOURCES, Sweptbond radiometric receivers,
narrow-beam antennas, spectrum analysis and panoramic video display
devices, recorders, etc,, for RF¥ signal coveroge from 100 MHz to 100 GHz,
CREW. Communications specialist, to operate equipment and cvoluate
output dato. May require EVA for large antenna deployments.
DATA. Mugueic tape; panoramic signal recorded on fitm; spacecraft
altitude position, and antenna scanning data correlated to targets.
OPERATIONS. Perform catibration checks with cooperative ground
transmitter sites, using spacecraft antenna pointing and control, Global
mapping coverage desirable, although most primary torgets at latitudes
between ptus and minus 60 degrees.

RESEARCH SEQUENCING. Initial noise surveys tiken over selected
target areas,; subsequent data taken worldwide.

SUPPORTING TECHNOLOGY DEVELOPMENTS, Develop computer
software; refine sensitive receivers, precision antenna pointing, stabiliza-
tion, and control subsystems.

RESEARCH COMMONALITIES. Target selection from 5-N-1 dota.
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RESEARCH CLUSTER 5-P-1—-IONOSPHERIC PROPAGATION MEASUREMENTS

ABSTRACT

OBJECTIVES. Moasure and charactorizo onosphoric offects on
radho wove propagation. incroase prodictatility of RF transmussion
errors duo to the ionosphere

BACKGROUND. Spaco commumications passing through the 1ono-
sphoroe (K60 km to 1,000 km) highly offected by olectron density.
Maximum etectron distribution (D, E, and F layers) is a function of
spatial and temporal variablos, and influences frequency, phose,
polarization, and oattonuation, which produco errars in communico-
tions and navigotion systoms.

RESEARCH DESCRIPTION, Mcasure electron-donsity  distriby-
ton, using 1onosonde dovices located in spacocraft and in subsatol-
Ites Perform topside sounding oand onc-way transmissions to
subsatelhites, and record 1onograms. Correlate spocecralt position to
sounding data. Perform multiple modulation of carrier bondwidth
and anolyze relative amplitude and phase difforence over extendod
poriods to dotermine short-term, diurnal, and seasonal vanations in
electron density profile (t < 100 MHz).

CONSIDERATIONS FOR IMPLEMENTATION

SPACE FACILITY RESOURCES, Swept-band digital ionosonde trans.
ponder automatically controlled by programmed frequency synthesizer.
Remote subsatellite transponder,

CREW. Communications specialist, to establish systom parameters, extend
antonnas, operote lonosondos, record and process dota, ond deploy ond
control subsoatollites,

DATA. Record on fitm, strip charts, and magnetic tape. Process encoded
ionagrams for digital transmission to Earth data-analysis conters.
OPERATIONS. Spacecraft position and tracking datae correloted 1o
geographic coordinates of sample soundings. Deploy, track, and control
operation of subsatellitos.

RESEARCH SEQUENCING. Varioble charactor of ionosphere requires
extended rosearch. Pulsed (30-sec) ionogram signals transmitted from
spacecraft 1o cooperating subsatellite,

SUPPORTING TECHNOLQGY DEVELOPMENTS. Advanced digitol
tonosonde onboard processing tochniquos,

RESEARCH COMMONALITIES. Complomonts 4.PP-3 and B.-P.3.

RESEARCH CLUSTER 6-P-2-TROPOSPHERIC PROPAGATION MEASUREMENTS

ABSTRACT

OBJECTIVES. Detormine troposphore dieiectric propervies and
transiussibihty offects on RF propagation from 0.1 to 100 GH2.
Measure tropospheric (<60,000 fi} water vapor and molecular
oxygen as functions of transnutter frequency.

BACKGROUND. Fiuctuations in dielectric constant and tropo:
sphere introduce varniances in Earth-to space hinks. Exporimental
verification of theoretical models needed, particularly in higher
frequency bands, whero the effects are more pronounced.

RESEARCH DESCRIPTION. Using precision multiband recewers,
measure signal powoer from several calibrated ground-station trang-
tmitters to define variance of RF propagation through the tropo-
sphere. Stansticatly relate frequency to refractive mndex, meteor.
ological conditions, spatial and seasonal vanance, signal poth
lengths, and angles of arrval. Synchronous orbit proferred
Localized ground station refractive index soundings and meteor-
ological conditions required during test sequences.

CONSIDERATIONS FOR IMPLEMENTATION

SPACE FACILITY RESOURCES. Muluband recewer, antennas, procision
calibration reference sourcos, recording equipmont.

CREW. Communications specialist, to calibrato and operate aquipment,
acquire ground stations, and monitor data racordings.

DATA. Record ground-station signals for lator analysis, Soveral minutes of
dato, 48 times per day, on signal levol, froquency, direction of arrivol,
polarization, and refractive index.

OPERATIONS. Synchronous orbit preferred to simphfy antenna pointing
ond to stabilize range and Dopplor offects on phase and angle
moasurements.

RESEARCH SEQUENCING. Froquent systom calibration checks betwoen
somples. Local surface meteorological conditions required for stotistical
reference.

SUPPORTING TECHNOLOGY DEVELOPMENTS. Countinuation
of ongoing propagation studies, particularly in miuttimeter wave and
optical wave technology programs,

RESEARCH COMMONALITIES, Compiements 6-P-1 and 4.

RESEARCH CLUSTER 5-P-3-PLASMA PROPAGATION MEASUREMENTS

ABSTRACT

OBJECTIVES. (A) Investgate feasibility of cwcumventing com.
mumcations blackout by positioning a data-relay satellite behind
rlonized plasma sheath of a reentry vehicle. (B) investigote conduc:
twity, dc voltage breakdown, and degradation from RF multipacting
in high-power transmitters in orbit.

BACKGROUND. Attenuation of RF signals due to thermatly
1onzed atmosphere (plasma) during spacecraft reentry results in a
temporary loss of communication. {Water injection has been used to
reduce this effect.) This plasma sheath may be employed as a
reflector of RF energy to a data-relay sutelhite positioned for contin
uous communications,

RESEARCH DESCRIPTION. (A) Tune tracking antennas and
receivers in spacecraft to cooperating reentry vehicle probe Monitor
probe RF transmissions simultaneously by surface data terminals
(B) Monitor high-energy RF breakdown by detecting arcing or
conduction between exposed electrodes and by measuring forward
and reflected power, atmospheric  pressure, and atmospheric
composition,

CONSIDERATIONS FOR IMPLEMENTATION

SPACE FACILITY RESOURCES, High-wattage RF transmitter and
antenna for RF breskdown research. VHF and X-Band telemetry receivers
and recorders, with tracking antennas for reentry plasma studies.

CREW. Communications specialist, to sot up test equipmont and coordi-
nate scheduling and tracking of reentry probe trajectory.

DATA. Multiplexed cigital and analog data recording on magnetic tape or
strip recorder. Data telemetry to ground for analysis. Specimens from RF
breakdown returned to Earth,

OPERATIONS. Optical tracking of reentry probe launch, Spacecraft
external ambient conditions monitored for RF breakdown measurements,
May require EVA for initial inspections of arcing damage.

RESEARCH SEQUENCING. Coordinated scheduling with participating
ground launch facilities and tracking stations, *
SUPPORTING TECHNOLOGY DEVELOPMENTS. High-efficiency, high.
power RF transmitters.,

RESEARCH COMMONALITIES. Data on RF breakdown may supple-
ment 4-PP-( } series.
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RESEARCH CLUSTER 5.P4

ABSTRACY

OBJECTIVES. Dovoiop rolinblo statiwtical modols of multipath
phenomono aftecting ‘oding and othor signal vaniancos i linkg
botwoon arrcratt ang rolay sototlitos

BACKGROUND. Mathomaticat fading models (Two Ray, Ricoan,
Rayiogh) propoced, but hnnted flight data availablo 1o verify actugl
conditions.  Systom porformanco tpoehications must accourt for
muitinath propagation signal dogradation

RESEARCH DESCRIPTION. Exanung mignols in covaral condhdate
airtrathic ratho bands botwoon VHF and X-Band, Uoses various
doploymont  geomotrios, airborne and cpace-systom compononts,
modulation schomes, and stgnal-procossing techniques. Requires
cooparating ot aircraft and ground control contors, and rodie link
tosts over many differont typos of terran, Moasure poth ogs faghneg
charagtenistics, ang relative signal strength from diroct ang refteciat
paths. Process doty for postfhght analysis ang ungrading of predee.
ton medsts (or simulstion studies Full global coverage desirable for
complete testing program

=MULTIPATH MEASUREMENTS

CONSIDERATIONS FOR IMPLEMENTATION

SPACE FACILITY RESOURCES. Mulubang §paco transpondors ang
antennas with associoted measuremont and recording hardwaro,

CREW. Communicouons speciatist, for system checkout, catibrotion, ang
component quatification, ang ground and aircrofy coordinotion,

DATA, Initial data onalysis onboard space facility. Strip chart and
magnotic tape recording vith dightal output and dispiay.

OPERATIONS. Spacccraft ortnt and aircratt Hight poths coordinoted with
ground stations, to ruaintain relative range and ongle gcomotry for
rangmission tosts,

RESEARCH SEQUENCING. Tost schedubing incorporatos varighlo fre.
quency settings and various degreos of Earth surface roughness.

SUPPORTING TECHNOLOGY DEVELOPMENTS. Dovelop computor
softwaro for modol simulation,

RESEARCH COMMONALITIES, Complomonts othor propagation studios
undor 6-P-( ) sorigs.

RESEARCH CLUSTER 5-TF-1-SPACE DEPLOYMENT AND CALIBRATION

ABSTRACT

OBJECTIVES, Define and prepare shace facihity to erect, ahign,
and test space antennas for commumications and navigation
recearch

BACKGROUND. Space communications recearch colis for o vary
ety of antenng designg, pomnting control capabihitios, and erection
technigues 1o acemmodate the frequency ranges and apertures
specified Assembly procedures, tools, and perhaps remote mantn
lators e required for assembty, maintenance, #ad calibration of
these antenng systems EVA erection of large structures not yet
attempred in manned space Missions

RESEARCH DESCRIPTION. Erect antennas, install feods, bore
sight antennas, and measure gan of experniment hardware Assembly
and deploy ment may requiro EVA for performung visual checks,
changing feeds, and conducting initial tests. Tosy gain and radiation
pattern using local reference Standards and  external cabibration
signals from known emitters Precision statniization and contiol
required for narrow beam antenna calibration.

CONSIDERATIONS FOR IMPLEMENTATION

SPACE FACIiTY RESOURCES. Vorwty of antonnas, couplings, test
componontr, and support apparatus, including cryogoenics.

CREW. Communications or nstrumontation specialist, for erection,
deploymont, nstallation, repair, and calibration of experiment hardwory
DATA. Surip chart, fum, and magnotic tapo rocording tor calibration dato
runs T\ momtoring of EVA and disploy consoles,

OPERATIONS. Coordination with ground cslibration transenttors during
some data runa. Precision attitude control and stabihization for close
tolerance antonng pointing.

RESEARCH SEQUENCING, Rosponsive  to  research mission
requiIremonts.

SUPPORTING TECHNOLOGY DEVELOPMENTS, Dictated by demands
of indhwidual research clustor activitios.

RESEARCH COMMONALITIES. Concurrent with 8-TF-2, 10 comprise
total facility, Manned activites simitar to 1-BR-3, and to 1EE-{ )} ang
1V-OE-( ) sories.

RESEARCH CLUSTER 5-TF-2-DEMONSTRATION AND TEST

ABSTRACT

OBJECTIVES. Provide manned orbital facility for dovelopment,
demonstration, testing, and quahfication of candidate communica-
vons and navigation systems, components, and materials,

BACKGROUND. Conventional  terrestrial laboratories provide
basic means for research and for qualifying and demons(mlmg
materials, devices, and techmques for commumications and naviga
ton systems E xtension of this capabiiity into space will provide
component, subsystem, ond system:lovel testing to implement
advanced fechmques

RESEARCH DESCRIPTION. Within basic manned orbial facitity,
assomble and configure INstruments, component- ete., required for
individual resparch requirements Perform simulation of candidate
SYSIeMs or subsystems, sabject to typical strosses to demonstrate
validity of concepits in actual space environment Develop or quabfy
procedures and techmques applicable 1o long hfe high reliatulity
Systems and assess performance of canchidate apparatus. Reflects
space research  activitios in 14 commumcations and navigation
research clusters

CONSIDERATIONS FOR IMPLEMENTATION

SPACE FACILITY RESOURCES. Gonoral PUIPOSe  communications
facility with tost consoles, equipment racks, recorders, displays, etc,
capabre of flexible ang dwversified space testing of materiats, components,
subsystems, and systoms.

CREW, Communications and mstrumant specialists.  Activitios nvolve
reconfiguration, modification, and repair of various electronic assemblies
and test equipmont required bry research clustors.

DATA. Magnentc tanes, strip charts, film, written copy, visual displays,
and computer printouts

OPERATIONS, Responsive to research clusters, to include ground and

wircroft coordination, and deployment of controlled sulysatolines during
10sting

RESEARCH SEQUENCING. Scheduting to be responsive to research
clusters.

SUPPORTING TECHNOLOGY DEVELOPMENTS, Dictated by demands
of individual research cluster activitigs.

RESEARCH COMMONALITIES. Capabilities doveloped conjunction
with 6.TF.1,
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RESEARCH CLUSTER 6-C81 =MILLIMETER.WAVE DEMONSTRATION

ABSTRACY

OBJECTIVES, Demonatrato gng ovatuate milbimoter wave systom
technology  undor &pace onvironmoeny conditions. Tosg and spaco-
Quabty now compononts and tochniquos,

BACKGROUND, ¢ UtUro usor requiromonts emphasizo noed for ygo
of availablo EMHF Etoctrum (milhimotor wave class) Propagation s
attenuated or distortey by atmosphoric effocts ang chmatie congdy-
tons.  Varioys modulation ang encoding processing techniquos
fequire spaco quahfication

RESEARCH DESCRIPTION. Operato milimoter wove transpondorg
N tost modo in CONpOration with ground torminals Moasure path
sttenuation vorsuyg v-eothor, signal phagy coheronce gy fungtion of
bandwidth, ang scattor ng otfocts with changing geometry botwoon
shacocraft and Earth tornwnats.  Accuratg timing and procisign
antenna pointing nocessary for narrow-boam, widebang transmission
tosts ot hugh data rateg. Changing of components and antonng foeds
May require EVA. Obain background sky noiso using radiometor
for enviranmenial reforonco.

CONSIDENATIONS FOR IMPLEMENTATION

SPACE FACILITY RESOURCES. Milimeter-wave OXpOrIment instrumen-
tation. gystem calibration test $01, antenna assemblies and tracking system,
and space transponders with processing and recording equipment,

CREW, Communications spcciatist experionced in mm-wive technology,

DATA., Magnetic tape primary recording meode for tolemutering to groung
data centers, Signal display CRT ang $trip chart recorders for onboard
calibration and test monitoring.

OPERATIONS, Precision pointing and conrol fgr lock-on with Earth
terminals during datg runs. Astrongut EvVA may bo required. Equipmom
recontigurotion foquired during tost progrom,

RESEARCH SEQUENCING, Adaptive, controlled by local woathor
conditions and avoilability of cooperating ground sites ond remote dota
relay sotellites

SUPPORTING TECHNOLOGY DEVELOPMENTS, Data corrolators ang
phase-measuring equipment,

RESEARCH COMMONALITIES. Incorporates propagation measuremonts
and systom paramerors from 6 N( ) and B5-P.( ) gerios

RESEARCH CLUSTER 5.CS-2-0PT

ABSTRACT

OBJECTIVES. Extond appiication of lasor communications tech
nology into space for wideband space-to fround and space to space
inks. Doting and characterizg optical commumications cqupmaont
and techniguus.

BACKGROUND. Optical Commutications  offerg potential for
wado'bandwadm, narrow beam transmissions Many system vortahles,
such as atmospheric attenuation ang seattering, romain 1o be quanty.
fied before Practical operations are possible,

RESEARCH DESCRIPTION. Investigate signal-to-noise character-
18tics of opticat system dosigns Determing Propagation hmitationg
and tost alternative modulation techmques over wavelongths from
045 to 10.6 MICTons. Assess configurations, optical and electronic
components, and Rrecision  acquisition and controf mechamisms,
with relation 1o reliability and oage of operation, during daylight
and darkness Analy se system vanations as functions gy wavelength,
bandvadth, beam nath tength, size of collecting aperture. coheronce
variange, metoorological conditions, angle of arrival, and boam
poInung errors. Participation by ground termingl and another
orbiting spacecraft required.

ICAL FREQUENCY DEMONSTRATION

CONSIDERATIONS FOR IMPLEMENTATION

SPACE FaciLiTY RESOURCES. Lasor optics, ecloctromies, acquisition
and pointing control subsystems, and migscollanoous tost oguipment,

CREW, Communicationg speciohist in iasor technotogy, 1o program beacon
for gt search ang lock-on, to reconfigure systom compononts, and to
monitor status of oporations,

DATA, Continuoys during hink  tosts. Tape recordor with computor
printout and CRT display. Vanable wideband transmigsions to 1 GH.,
Photographs of cloud cover taken during dota rung,

OPERATIONS, Precision spacocrafy ottitude control duning search moo,
Autotrack pftor lock on. No efflueng roleases during tost sequence,

RESEARCH SEQUENCING. Tests require propor goometry for hng.of.
sight  transmissions betweon cooporative Earth torminals and orbiting
spacecroft.

SUPPORTING TECHNOLOGY DEVELOPMENTS, Improved opticol
acquisition  ang Pointing  systoms, advancement in iaggs component
technology,

RESEARCH CLUSTER 5-NS-1-TERRESTRIAL

ABSTRACT

CONSIDERATIONS FOR IMPLEMENTATION

OBJECTIVES. Evaluate proposed sateihte radio navigation tech-  SPACE FACILIN Y HESOURCES, Navigation transceivors {VHF through

Mques through system performance testing Venity ndividual contri-
butions to system error experimentally

L band), precision timing, range code generator, mwrlmunwlom, and test

agumpment, thcluding recorders.

BACKGROUND. Precise, near real-time, pomtion ang volocity  CREw, Communications specialist, to set up equipment and coordinate

information considered ossential (o high-speed transportation
systems. Space axpenimontation can provide engineering data for
selection among numerous candidate satethite navigation fystems,

tosting with participating ground 8ites and aircraft

DATA, Magnetic tape outputs computer-procossed range and angle inputs

to transform spacecraft ephemens 1o user position and velocity,

verification testing of concepts. Determine comparative accuracies OPERATIONS, Precision ortyt determination criical 0 error determing
and error statistics for sngle and multiple sateling systems, using  tlon, Pos!toov\ and altitude known to 0.1 nmy or less. Low spacecraft
active or passive techniques Demonstrate methods 1o reduce errorg ollnqde Mitially, extonding 10 synchronous orbit in fingi Systom
affocting each system, such as measurements of atmospheric effects  configuration,

at VHF through L-band, muitipaw- ' iching, tming stabwiny , g RESEARCH SEQUENCING. Based on ground station ang awreraft
svnchronuunon, and system noise. evaluate range, range o . availability,

ence, Doppler shift, tnterferometry, pseudo noise, tone ranginy .ng
angle, otc, Cooperaung ground control sites and jet aireraft req .ared
to simuligte actual systems.

SUPPORTING TECHNOLOGY DEVELOPMENTS. Computer software;
IMproved satellite position determination,

RESEARCH COMMONALITIES, Information from 5N-€ ) seres ang
5-P-( ) series, 10 complete RF range error analyss,
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RESEARCH CLUSTER 6-NS-2-LASER RANGING AND ALTIMETRY

ADSTRACY

OBJECTIVES. Evatupie onboard focor techmn os for wacking,
Tence vous, amd docking of spaco vehiclos. Evaluato lgsor ranginy
dovicos v alumator role Determine optimum ongmooning param
otors 1or vanous modes of operation

BACKGROUND. Opticwt radar wavalongths allow high rosolution
ang good accwrecy 0 orange, rate, ang anglo with rolativoly low
power  In space, scattoring and abzorption atmospherie offocts are
Not hewting over relatively shart dhstances betwoen nmanguverning
spacecratt  Targot acquisition angd racking techmaues required for
cooperative and nancooperative spa ocralt dockangs

RESEARCH DESCRIPTION. Com.aare norformance of continugus
wave doppler and pulse type laser dovices Seloct wavelength basod
on power, efhwiency, rehabiity  and gasy of operation Porform
search, acquisiticn, ranging, and tracking tests to J0O miles, invest
gate  transponding  beacons  and  passive  reflectors Doterming
reflectod envrgy  detoction thresholds, limiting recever Sansitivity
tsolar glare, specular reflection), angd statistical folse alarm rate 45
funcuion of range and targat cross sectional arey

CONSIDERATIONS FOR IMPLEMENTATION

EPACE FACILITY RESOURCES. Lasor dovicas (1.0, modulotors, hitors,
oplics), ponting controts, and signal PIOCESHING Gaunpmoent

CREW. Communmicauors sperishist in lager tochnigues, to  assemblo,
catibrato, oporate, modity, or reconfiguro tost dovicos, and to asess rosults,

DATA. Roal imo dusplay of rango, volocity, and anglo. supplomented by
COMBULor prantouts any magnotic tape recordings Data continuous durning
test.

OPERATIONS. Procsion outotrack with monunl override.  Decking
manouvors under pilot control. € iuont rolcase prohubited oxcopt as part
of tost

RESEARCH SEQUENCING. Schedule to ovarllabiity  of radar torgot
vehiclu, also test in comunction with Reseorch Clustor 1 EE 4

SUPPORTING TECHNOLOGY DEVELOPMENTS. Long range tasers to
be developed for advanced phases of tosting.

RESEARCH COMMONALITIES, Complemontary to 5 C8 2 and 1 E% 4

RESEARCH CLUSTER 5-NS-3- AUTONOMOUS NAVIGATION SYSTEMS FOR SPACE

ABSTRACY

OBJECTIVES. Evaluate pedformance in sace of various prototype
SO MivIgation devices and system components

BACKGROUND. Earth orintal, bunar, and planetary Navigation
systems emplay mertial reference wiits, star and landmark trackers,
5Uf gid planet sensots, and radar and radio beacon technigues
Quatihcation of these devices and tec hiiques requites analysis and
SHSCe Expenmegntation

RESEARCH DESCRIPTION. Tost candidate  techmques  and
LOMPpanents  parametnic analysis of accurac y, reliabnhity, maintain
abitlly  respoase time, shgnment and cahibration complexity, and
cost, with relationshup 1o orint deternunation and spacecraft POSI
tion  Estabhsh magintude of spacecratt and environmental disturb
ances altecting system accuracios and sensitivitios Verity and retine
FOMputer error models predic ing system pettormance Coordinate
testing with cooperative ground tracking sites and with spacecraft
operational navigation and guidance subsystem

CONSIDERATIONS FOR IMPLEMENTATION

SPACE FACILITY RESOURCES. Prototype optical, slectrone, ond
mochanical navipation  sonsors  and ancitiary  cquipment Computers.
rerordors, and disploy units,

CREW. Navigaton mstrumentation speciahist shailod 0 getting up and
evaluating prototyg e systom configurations. May serve os test sulject in
Research Cluster 1 EE 4.

DATA. Analog to-digital conversion lor NavIgation computer opera 100y
Magnetic tape and pointer gutputs with appropriate displays
OPERATIONS. Some sentors effluent sensitive. Low acceleration lovels
- 104 9} and precision statniny and pointing controls requirod

RESEARCH SEQUENCING. May require coordination with ground
cahibration sites or other space vehicles.

SUPPORTING TECHNOLOGY DEVELOPMENTS. High precision
BUTONOMOUS NAVIGAtION sensors

RESEARCH COMMONALITIES. Incorporates activities undor 1.E€ 4 and
b NS§.2

RESEARCH CLUSTER 5-NS-4 - AIR-TRAFFIC SURVEILLANCE SYSTEMS

ABSTRACT

OBJECTIVES. Develop new techmques leading to global an
teatfic surveiltanc e employing  Earth oibiting  satellites Quality
rehabie muluple accessing and encoding systems nvoiving accuarate
location technigues and low Powet random accessing

BACKGROUND. Spaceborne an sutverlance  systems offer the
advantage of unlinuted or selective global coverage in providing data
to controb dense air tralfo, particularly  over oceanic 1outes
Commercisl air traffic flow  himited 4t present by flight safety
considerations for tateral separation between aircraft

RESEARCH DESCRIPTION. Operate transponder «quaipped  au
craft i system simglation with ground control station and ortrting
facthbies (mgy muludellopluw(l subsateliites! Deteroune location
and separation CURALIeS 1OSPONSe THNe, sensitivily thres’ wlds, and
saturation Jevels  of vanoos modalation wd multiple AU esINg
schemes, as function of frequency (VHF through L Bund), band
width, power output, coding, and tratfic density 101 vaoous oquip
ment t()nhgumlu)ns M()m!()ung andd sutvertlange by Particepating
ar tratf.c controt ground station

CONSIDERATIONS FOR IMPLEMENTATION

SPACE FACILITY RESOURCES. Modular wansponders at VHF, UHF
and L Band. Antennas, duplexers, receivers, frequency transtators, trans,
muttors, and recorders

CREW. Communications specialists, 1o sot up, adjust, wnd operate
transcewver relay equipment and to coordinate testing

DATA, Prmary data mode 15 magnetic tape for system and cc.nponent
petformance evaluation Position data telemetered to ground ATC station
Target update every t 1o 2 minutes

OPERATIONS. Coordinate tHight plan with aircraft .od ATC station My
deploy and contrwa! relay subsatelhite from orbiting spacecraft

RESEARCH SEQUENCING. Based on avalabiiity of system participants
Posttlight daty analysis at ground Processing conter

SUPPORTING TECHNOLOGY DEVELOPMENTS. Subsateliite design
Data processing software

RESEARCH COMMONALITIES. Inputs from 5P ) senes and 6 NG 1

93

/S



e

Fal_—

RESEARCH CLUSTER 5-NS-5-COLLISION AVOIDANCE SYSTEM TECHNIQUES

ABSTRACT

OBJECTIVES. Demonstrate precticel system employing space
transmissions of time-reference signals for collision svoidance in
genera) aviation (commercial, privave, and military),

BACKGROUND. Synchronization of aircraft movements to a
satellite providing wide areg! coverage could oilsviate threat of
midair collisions. Requires compensation for diurnal and seasonel
variations in radio propagation phenomena,

RESEARCH DESCRIPTION. Test common \iming signal modulat-
ing four carriers in VHF through X-band fraquencies. Compa 1 rive
tests include signal auality, drift rate, synchronization err-, ong
false-alarm rate for various path geometries. Satellite clock trans-
mitter occurate to one part in 10'! or 10'2, Ground or airborne
receivers record and demodulate satellite clock signals from difter.
ent carriers to evaluate precision of timing synchronization. Space-
croft equipment essentially automatic. Low orbit for early testing,
extending to wynchronous altitude for final acceptance testing over
broad area.

CONSIDERATIONS FOR IMPLEMENTATION

SPACE FACILITY RESOURCES. RF transmitters in VHF through
X-band, clock-reterence cesium beam oscilletor, frequency synthesizer,
encoder, medulators, antennas, and essocletad equipment,

CREW. Communicetions specialist, to configure and monitor automated
equipment and coordinate with ground traffic-control cer.ters.

DATA. Minimum onboard spacecraft; equipment status monitoring,
Principal date recording at ground sites or in test aircraft,

OPERATIONS, Continuous transmission over test areas. Receiver correlo-
tion reference and timing display in advanced system tasts.

RESEARCH SEQUENCING. Timing depends on coordination with
ground cor airborne test locations, spacecroft orbit parameters. and
environmental conditions.

SUPPORTING TECHNOLOGY DEVELOPMENTS. Precision clock test
transmitter. Modest-cost user racelver equipment.

RESEARCH COMMONALITIES. Prapagation data useful to 6-P-{ ) series,

RESEARCH CLUSTER 5-NS-6—SEARCH AND RESCUE SYSTEMS

ABSTRACT

OBJECTIVES. Provido design performanc data on detection and
localization by sotellite of emergency location transmitters (ELT)
for search and rescue operations,

BACKGROUND. Various search and rescue satellite concepts
proposed. Problems include selection of proper frequency, deter-
mination of lacation methods, and selection of suitable modulation
technique. Evaluation of candidate systems includes compliance
with existing F AA standards for ELT position location.

RESEARCH DESCRIPTION. Simulate distress situations leading
to development of simple, reliable, low-powered emergency beacon
transmitters and search-and-rescue (SAR) satellite system. Space-
qualify components to receive and relay Doppler signals to ground
data center. Evaluate frequency and phase stabiiity, noise character-
istics, multipath and other fading in low signal-to-noise environ-
ment, and other system tests as functions of beacon output power,
modulation and coding, and orbital parameters, Determine signal-
detection rango and location prediction capabilities of candidate
systems under various meteorological and geographic conditions.

CONSIDERATIONS FOR IMPLEMENTATION

SPACE FACILITY RESOURCES. RF beacon transponder and interfero-
metric signel processing equipment operating at 121.6- and 243.0-MH2
emergoncy frequencies,

CREW. Communications specialist, to set up and operate equipment and
to pracess beacon signals.

DATA. Primary data mode magnetic tape recording. Stored data,
spacecraft position, and timing telemotered to ground computation site,
Simulated emergency beacon signals transmitted every 2 minutes to
orbiting spacecraft,

OPERATIONS. Initial system testing requires EL T signal conditioning and
signal processing onboard spacecraft. Final system operation at synchron-
ous orbit,

RESEARCH SEQUENCING. Responsive to avallsble ground SAR sites
and coordination of data runs,

SUPPORTING TECHNOLOGY DEVELOPMENTS. Design of ELT signal
detector,

RESEARCH COMMONALITIES, Characterization of noise and propaga-
tion phenomena in VHF band useful to tests, reference 5-N-( ) and 6-P-( )
series.
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EARTH OBSERVATIONS

RESEARCH CLUSTER 6-EP-1-PHOTOGRAPHIC COVERAGE OF THE EARTH

ABSTRACT

OBJECTIVES. Generate and update, for worldwide dissomination,
geotectonic maps of the Earth's surface with precision of
6500 meters or better.

BACKGROUND. Large geographic regions of the Earth have never
been mapped synontically to a scale of 1.1,000,000 or better
Limited experience from manned missions has demonstrated the
value of low to-medium-resolut’on space photography to .he compi
lation of geotectonic and geomorphoelogical maps. Such maps are
required of high-latitude regions and in developing areas or the
world. The synoptic coverage obtainod from space con be a valuable
tool for global mapping.

RESEARCH DESCRIPTION. Sclectively photograph the Earth's
surface over cloud free areas, using Him hilter combinations that are
optimized to geographical location and atmospheric conditions.
Imtid tranls will establish these optimal film filter combunations
Mantain knowledge of spacecraft, ephemens, altitude, and attitude,
to tocate subsatelhite point to within 600 moters to achieve precise
location of geological features.

CONSIDERATIONS FOR IMPLEMENTATION

SPACE FACILITY RESOURCTS. Mewic and muttispectral cameras
eaquipped  with changeable lenses, filters, and film magazines. Procise
camera alignment and space platform attitude must be measured to
calibrate and register the imagery.

CREW. Engineering and hydrology skills Training required in camera
setup ond operation, adjustments and calibration, minor maintenance
functions, and ground coordination activities.

DATA. Raw data on photographic film, and magnetic tape records of
ephemeris dota; observation period. 1 year.

OPERATIONS. Spacecraft stable platforms required to onent sensors in
locat vertical mode. Polar otbits required for full global coverage. No
effluent releases during measuremonts.

RESEARCH SEQUENCING. Not critical, except as affected by cloud
coverage.

SUPPORTING TECHNOLOGY DEVELOPMENTS. Improved photo
graphic sensors, onboard film storage, ground data processing centir.

RESEARCH COMMDNALITIES. Complementary to 6 G/C 1.

RESEARCH CLUSTER 6-EP-2—-IDENTIFICATION OF VOLCANIC ACTIVITY

ABSTRACT

OBJECTIVES. Gather volcanic data from remote satellite sensors
to establ <h penodicity, corrofate activity with local seismic data,
and roliie volcanism to the movement of crustal plates and
sosmici'y on a global scale. Determine whether submarine volcanic
aruptions that disturb surface wate's can be detected

BACKGROUND. Thermal infrared sonsing techmiques have been
proven in detecting the Surtsey volcono in lceland. Submarine
volcamsm s prosently largely unobserved and presents potentiol
severe hazards to hfe and property. In cases of catosttophic volcanic
events, high resolution real-time umagery 1s desired on o daily basis
over the offocted aren.

RESEARCH DESCRIPTION. Using thermal infrared umagery in
the 10.2- to 12.G-micron range, survey and map known areas of
volcanism, and monitor oceamic regions of possit. « now activity.
Close coordination botween ground and space monitoring of
peological dynamics is ussormnl“Guommrnc precisieo - 7 to B parts in
107 ; 1eenperature resolution, £1° Kelvin,

CONSIDERATIONS FOR IMPLEMENTATION

SPACE FACILITY RESOURCES. Principal struments are metric
comera, multispectral comera, radar imager, microwave radiometor, and
multispectral scanner with cryogenic cooling of infrored hoads.

CREW. Engineering and guology technicians, to set up sensors, load
comeras, acquire desired ground track, and coordinate target selection and
recording.

DATA. Primarity fitm (color, false-color infrared, and black and white)
and tape. Also mulitiplexed data from eloctronic scanners, 81 channels and
up to 2.4 Mbps/channel.

OPERATIONS. Global mapping requires high-inclination orbits. Target
averflights at least once each quarter. Spacecraft ephemeris correlated to
ground meteorological conditions during data run.

RESEARCH SEQUENCING. Early daylight recording requires 30-degree
solar elevation angle to permit optimum infrared imagery and microwave
radiometty in conjunction with photography. Cloud cover over target
areas: ~ 20 percent,

SUPPORTING TECHNOLOGY DEVELOPMENTS, improved instruments
such as 10-band multispectral scanner, and signature analysis techniques.
RESEARCH COMMONALITIES., Data and instrumentation requirements
simitar to those of 6-G -4,
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RESEARCH CLUSTER 6-A/F-1-CROP INVENTORY AND LAND USE

ABSTRACT

OBJECTIVES. Construct thomatic and land-use maps from space:
fathered dota showing cultivated and notural forosted areas, dont)-
fying major crop, forost, anyg range typos. Obtam informoation on
distribution of cultivated, forested, and ranged lands. Information
novded to manage progroms effectively 1o improve soils and forest
stands and to protect watershods. Make HVestigations to doternim
whether spacecraft can provide better data at loss oxpense than
other methods.

BACKGROUND. U.S. Department of Agriculture annually surveys
200-milhion acres, using arcraft. Ropoat photography s required
oviry 6 years. Apolto 9 photographs supportod by arcrafy flights
domonstrated the value of space acquired dota.

RESEARCH DESCRIPTION. Mako it MBUsUrNNONES, using
muitispectral sonsors, over agricultural truth sites v cooperation
with investigators on the ground. Use rephication of previous ground
and awreraft expeniments 1o venfy SIPNAtUres  and  moasurement
techmiquoes.

CONSIDERATIONS FOR IMPLEMENTATION

SPACE FACILITY RESOURCES. Multispactral-multisensor instotiation
with ability to select and modify film-tilter combinations, data channels,
and instrumentoation configuration. Cryogoenically coolod sensors invoived.

CREW. Engincoring and forestry and agriculture skills, for sonsor sotup
and opgration, adjustmont, maintenance, and calibration. Voice annotation
to supplomoent sensor data,

DATA. Film and magnetic tape records of sensors roturned for postflight
analysis. Sensors oporate 30 to B0 ninutes per orbit during B to 10 orbits
per wook.

OPERATIONS. Senszor-targot geometry and tomporal rotationships critical
and sensitive to mission design. Preforred orbit inclination: R6 degrees

RESEARCH SEQUENCING. Lute spring and eiarly sammer observations
coordinated with ground truth site data,

SUPPORTING TECHNOLOGY DEVELOPMENTS. tmproved ground
resolution of cameras and multispoctral sconners.  Advanced signature
analysis techniquos,

RESEARCH COMMONALITIES. Instrumentation similar to that of
06-A/F-3.

RESEARCH CLUSTER 6-A/F-2~SOIL TYPE MAPPING

ABSTRACT

OBJECTIVES. Dotermine, from space-gathered data, recogmtion
critena for sod types, moisture content, salt contemt, organic
composition, friab:dity, insect popwation, and IMCrOoryganisms
present an typical soil classes. This resoarch leads to proparation of
current maps of soil type and quahity,

BACKGROUND. Soil Conservation Service of U.S. Departmant of
Agniculture has  continuing program of soil classification and
Mapping, using field observatiuns and a limited wsmount of aenal
photography. In a program of rystematic and aggressiee research,
the full utilication ot space-platiorm remote sensing i . the timely
application  of these techmiques will support solutions to major
agncultural and forestry problems.

RESEARCH DESCRIPTION. Conduct multispectral imagery and
photography in conjunction with i sty measuremonts over known
agricutture research farms. Verify space measuroment techmiques by
rophcation of provious ground- and aircralt-obtained signatures,

CONSIDERATIONS FOR IMPLEMENTATION

SPACE FACILITY RESOURCES. Multispectral-multisensor installation
with ability to select and modify film-filter combinations, dota channals,
and instrumantation configuration, Cryogenically cooled sensors.

CREW. Engincering and forostry skills, for sensor sotup and opuration,
adjustment, maintenance, and calibration.

DATA. Film and magnetic tape records of sonsors 10 be returned for
postflight analysis. Procisoly coordinated ground truth data required during
initial phases of the oxperiment program.

OPERATIONS. Sensor-target quometry and temporal relationships critical
and sensitive 10 mission design. Preforred orbit inclination: 55 degrous.

RESEARCH SEQUENCING. Late spring and early summer obsorvations
coordinatod with ground truth sity duta,

SUPPORTING TECHNOLOGY DEVELOPMENTS. Dovelopment  of
camoras, scanners, and spectrometers with improved spatiol and spectral
resolution.

RESEARCH COMMONALITIES. Instrumentation similar to that of
6-A/F-5.

RESEARCH CLUSTER 6-A/F-3—CROP IDENTIFICATION

ABSTRACT

OBJECTIVES. Dovelop space based measurement techniques that
can provide dota for agricultural community in formulation of maps
and stotistical tables on plant and tree specios i principal agricul-
tural aroas.

BACKGROUND. Tho Agnicultural Stabilization and Conservation
Service (ASCS) and the Statisticat Reporting Service (SRS) of the
U.S. Department of Agriculture currently rely on aorial photographs
to identify cultivated crops and major vegetation types on rango
londs. An agricultural consus, published every 6 vears by the SRS,
contains information on crop species broken down by state and
county. Plans dwected toward advancing of automated methods of
acquiring and analy 2ing doto required for these reports.

RESEARCH DESCRIPTION. Conduct multispectral imagery ond
photography in conjunction with m situ measuremeaents over known
agriculture research farms, Use rophcation of previous ground- and
aircraft-obtanes signatures to verily space measurement techmigques.

CONSIDERATIONS FOR IMPLEMENTATION

SPACE FACILITY RESOURCES, Multispoctral multisensor instillation
with ability 1o select and modify fitm-filtor combinations, data channels,
and instrumentation configuration. Cryogenically cooled sensors.

CREW. Skills requived in sensor setup  and operation, adjustment,
maintanance, and calibration.

DATA. Film ond magnetic tape records of sensors to be returned to
ground. Weekly data replications of truck-farm crops during growing
SONSON,

OPERATIONS. Sensor targot geomotry and temporal relationships critical
and sensitive to mission design Preferred orbit inclination: 66 degroes

RESEARCH SEQUENCING. Late spring and early summer observations
conrdinated with ground truth.

SUPPORTING TECHNOLOGY ODEVELOPMENTS, Development  of
coamoras, scanners, ana spectrometars with improved spatial and spectral
resolution

RESEARCH COMMONALITIES. Instrumentation similar to that of
6A/F-1,
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RESEARCH CLUSTER 6-A/F-4-CROP VIGR AND YIELD PREDICTION

ABSTRACT

OBJECTIVES. Duvoiop space sensing techniques for uso in prepar-
ing stotisticol information on &ize, vigor, and oxpected yicld of
crops; and to indicote transiont, long-duration stress conditions.
Also, coordinate dota gothered from space with historical dota
gathered trom conventional sources, such as croppiny practices,
chimate, soil typo and tertility, and tronsportation routes,

BACKGROUND. Improved techmiques using infrared films and
falsa-color imagery used to appraise forest infostations. Rosearchers
have used panchrematic, color, infrared, and color-infrared photo-
graphy of controtled nursery plots to identify healthy groin and
grain infected with black-stem rust and other discases. Photographs
at geales as large as 1:500 might be required for accurate estimates
although useful scalos ronge from 1:2,000 to 1:10,000.

RESEARCH DESCRIPTION. Rostrict initial missions to coverage
of cantrolled-onvironment, highly instrumented truth sites. As
signature-dotection techmques evolve, oxtend coverage to other
agricultural aress.

CONSIDERATIONS FOR IMPLEMENTATION

SPACE FACILITY REfOURCES. Multispectrol-multisensor instatiotion
with abitity to solect and modify film-filter combinations, dota channelg,
and instrumontation configurotion. Cryogenically cooted sensors.

CREW. Skills roquired in sonsor setup and operation, adjustment,
maintenance, and calibration,.

DATA. Film and magnetic tape records of sensors to be returned to Earth
for postflight analysis.

OPERATIONS. Sensor-targot geometry and temporal relationships criticol
and sensitive to mission design. Proferred orbit inclination: 56 degrees.

RESEARCH SEQUENCING. Loto spring and carly summor observations
coordinated with ground truth.

SUPPORTING TECHNOLGGY DEVELOPMENTS. improved ground
resolution of cameras and multispectral scanners,

RESEARCH COMMONALITIES. instrumentation similar to that of
6-A/F-3.

RESEARCH CLUSTER 6-A/F-5-WILDFIRE DETECTION AND MAPPING

ABSTRACT

OBJECTIVES. Develop space-based techniques for monitoring and
detectinn of incipient and active wild fires in forest, range, and wild
tands. Remotely determine flammability index or dryness of forest
and range.

BACKGROUND. Current annual cost of forest fire detection is
ahout $10-aullion, and value of timber annually lost i5 about
$20-mithon. Annual cost of fire control s ostimated ot about
$100-miltion. Lookout towers and low-altitude aircraft are
restricted in their effectiveness by smoke and darkness. Reaction
time, coupled with need for real-time data, suggests an important
role for spacecraft monitoring techniques.

RESEARCH DESCRIPTION. Compare relative effectiveness of
space satellite altitudes versus low altitudes for fire detection and
speed of data processing. Concurrently, evaluate feasibility of
extending present fire and lightning surveillance technigues to space,
Perform remete detection of smoldering fires in controlied environ-
ment of truth sites. Interrogate /n situ sensors, using collection
system, 10 measure surface conditions.

CONSIDERATIONS FOR IMPLEMENTATION

SPACE FACILITY RESOURCES. Variety of muitispectral scanning,
camera, spectrometer, radiometer, and data-processing equipment with
onboard photographic processing copabitity.

CREW. Engineering ond forestry skills, to prepare sensors, operate
tracking telescope, seloct targets of opportunity, and coordinote with
ground stations,

DATA. Primarily film stnp maps during sear~.n mode, converting 1o voice
and vidicon transmissions after fire sighting.

OPERATIONS. Neor-real-time raw dota transmitted to ground control
sites; includes spacecraft position, target location, and weather status. Sun
angle greater than 30 degrees for visual monitoring.

RESEARCH SEQUENCING. Nonscheduled data runs of approximately
10 minutes over truth sites and detected ground targets.

SUPPORTING TECHNOLOGY DEVELOPMENTS. Improved sensor
designs and techniques for onboard film developing and processing.

RESEARCH COMMONALITIES. Similar sensor requirements for 6-A/F-2.

RESEARCH CLUSTER 6-G/C-1-PHOTOGRAPHIC AND MULTISENSOR MAPPING

ABSTRACT

OBJECTIVES. Provide accurate geometric description of entire
Earth surface, using photogrammetric techmques from space. Deter-
mine optimum frequency of observations for both photographic and
multisensor mapping to acquire cartographic data,

BACKGROUND. All manned space programs have included experi-
ments relevant to geography and cartography. Apollo 9 experiment
S-656 proved feasibility of using vertical space photographs as basis
for standard 1:250,000 topographic maps. However, Earth has been
only sparsely photographed from space under cloud-free conditions.

RESEARCH DESCRIPTION. Using three basic instruments
{metric camera, multispectral camera, 10-band multispectral
scanner) observe Earth under favorable conditions of cloud cover,
sun angle, and season. Use selected test sites, such as area between
Salton Sea (in southern California) and Pacific coastling, which
contains many sigmificant geographic and geologic features, to pro-
vide meaningful calibration and photointerpretation scaling for data
obtained from space in other geographic regions.

CONSIDERATIONS FOR IMPLEMENTATION

SPACE FACILITY RESOURCES. Metric camera, multispectral camera,
10-band multispectral scanner, and onboard photographic film processing
capability and recorders,

CREW. Cartographic and engineering skills, to prepare, adjust, operate,
and maintain equipment, and to record comments on visual observations.

DATA. Primary data mode is photographic film. Postflight analysis
conducted at ground data centers. TV and visual scanning of prevailing
metecrological conditions on magnetic tape.

OPERATIONS. Observation period approximately 1 year. Geometric
precision requirements demand calibration and careful handling of camera
and film. High inclinations for global mapping.

RESEARCH SEQUENCING. Variable, constrained by surface weather and
cloud cover. Frequency of observation from once per day to once per year.

SUPPORTING TECHNOLOGY DEVELOPMENTS. Onboard film devel-
opment in zero-g. Advanced high-resolution cameras and multispectral
scanners.

RESEARCH COMMONALITIES. Primary instruments named are used in
majority of research clusters in Earth Observations,
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RESEARCH CLUSTER 6-G-1~-ROCK AND SOIL TYPE IDENTIFICATION

ABSTRACT

OBJECTIVES. Detormine performanco of space-bosed sonsors in
wdentifying rock and soil typos. Establish signature-rocognition
cnitena. Produce geological phatomap of North and South American
cContINDMs.

BACKGROUND. Limited experience i application of spacoe-
acquired data in comparison with ground and airborne observations.
Staustical eloctronic procossing may provido second generation of
analytical data useful to the gcological engineer, the photo-
grammetnist, or the economic grologis! .

RESEARCH DESCRIFTION. Corre'ate space dota acquired with
Sixnstruments  (metnc  camera, multispectral  comera, 10-band
muluspectral scanner, infrarod rachometor, side-louking radar (SLR),
and microwave radiometer) covering same geographic regions as data
acquired on the ground. Compare imagery from vertical-looking
metne camera and multispoctral camera with that obtoained from
obhque-looking radar. Coordinate with ground truth measuroments.

CONSIDERATIONS FOR IMPLEMENTATION
SPACE FACILITY RESOURCES. Metric camera, multibond multispectral
camera, IR imagory and spectrometry, microwave radiomotry, sido-looking
rador imagor,
CREW. Goologic and engineering skills, to perform equipmont checkout;
to use optical scon for solecting, pointing, and tracking to targots; and to
adjust or madify flight plan,
DATA. Film and magnoetic tape recording, with digital printouts of orbital
parameters during data runs.
OPERATIONS. Repeatablo ground tracks overy 10 to 20 days. Overflights
of ground truth sites required 1o ostoblish speetral choracteristics of rocks
and soils. Orbit inclinations 10 73 degrees.

RESEARCH SEQUENCING. Coordination of duplicate instrumentotion
aircraft ovorflights during ground truth calibrations,

SUPPORTING TECHNOLOGY DEVELOPMENTS. Advanced spectral
analysis techniques. Improved sensors,

RESEARCH COMMONALITIES, Similar instrumentation in other Earth
Observations research clusters.

RESEARCH CLUSTER 6-G-2—-STORAGE AND CONDITIONING OF COMMODITIES IN EARTH'S CRUST

ABSTRACT

OBJECTIVES. Determing feasibility of obtaimng remoto-sensing
data from space to identify subsurface and landfill storage sites and
to solve problems of underground waste disposal and dangerous-
commodity storage and conditioning,

BACKGROUND. Contamination from chemical, biological, or
radicactive aste is an Increasingly serious problem. Efforts are
being made to contan waste materials, yet accidents are common
and annually cause millions of dolars in damage. Some natural
subsurface waste storage sites have been identified in the U.S., but
worldwide knowledge 12 largely lacking.

RESEARCH DESCRIPTION. Demonstrate feasibiity of remote-
sensing techniques. Use Space-acquired  stereophotography,
supported by data obtaned by side-looking radar to penetrate
vegetation and cloud cover, to define regional topography, Identify
types of overburden from analysis of multispectral photographic,
thermal infrared, and microwave radiometric data. Overflights of
known truth sites are of particular importance.

CONSIDERATIONS FOR IMPLEMENTATION

SPACE FACILITY RESOURCES. Motric camera, multispectral camera,
multispectral scanner, microwave scanner, side-tooking radar, and IR
spectrometer  with  appropriate recording devices and onboard film
processing.

CREW. Goology and engingering skills, to set up and operate equipment,
to make visual abservations, to obtain calibration of ground-truth data, ond
to perform analysis.

DATA. Film and magnetic tape recordings, supplemented by video
recorders.
OPERATIONS. Truthsite overflights coordinated with instrumented

aircraft. Sun angle of up to 30 degrees for IR imagery and spectrometry,
nominal 30 degrees for photography, Target location accuracy: 0.5 nmi.

RESEARCH SEQUENCING. Variable, based on ¢cloud cover of 20 percent
or less. Seasonal overflights between late spring and fall.

SUPPORTING TECHNOLOGY DEVELOPMENTS. Onboard preparation
of stereophotographs, Improved resolution capabilities of sensors.

RESEARCH COMMONALITIES, Similar to principal instrumentation in
other Earth Observations research clusters,

RESEARCH CLUSTER 6-G-3—-GEOLOGICAL DISASTER AVOIDANCE

ABSTRACT

OBUECTIVES. Develop space-based surveillance and warning tech-
niques, capable of wdentifying symptoms of a destructive geological
event and relaying these data to affected area, to minimize loss of
life and destruction of property,

BACKGROUND. History records many long-term and short-term
natural disasters. |1 is possible to (1) predict hazards with difficulty,
{2) detect hazards with gase, and {3) in some cases disclose an
impending danger, depending on the nature of the disaster. Orbiting
spacecraft can add a new synoptic dimension to these three
functions,

RESEARCH DESCRIPTION. Detuct thermal anomalies and sur-
face temperature patterns of volcanic activity, Obtain synagptic
tmagery of sand-dune movement, storm sources, tsunamt occur-
rences, snow melt patterns, geological fracture patterns, and other
geophysical phenomena. Collect seismic sensing data from surface-
based detsctors placed along major fracture systems, and record
high-resolution photoimaging of natural disasters for near-real-time
damage assessment.

CONSIDERATIONS FOR IMPLEMENTATION

SPACE FACILITY RESOURCES. Metric camera, multispectral camera,
multispectral scanner (10.2 to 12.6 microns}, microwave radar and radiom.
eter, TV photoimager, and data-collection system with recorders,

CREW. Geology and engineoring skills, to prepare equipment, monitor
sensor and target display or computer output, and perform initial analysis
of data.

DATA. Primarily photographic, including video imagery on film. Data
collection on magnetic tape, with computer printout,

OPERATIONS. Spacecraft ephemeris correlated to data runs over targot
areas. Laser altitude ranging desired. Thirty-degree nominal sun angle for
infrared imagery and microwave radiometry.

RESEARCH SEQUENCING. Adaptive, based on natural phenomena,
Routine monitoring on monthly schedule. Catastrophic avents in near-real-
time for disaster alert and waorning

SUPPORTING TECHNOLOGY DEVELOPMENTS. Higher-resolution data
sensors. Onboard film processing.

RESEARCH COMMONALITIES, Principal instruments similar to other
Earth Observations research clusters, Flood-warning data applicable to
6-H-2,
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RESEARCH CLUSTER 6-G-4-UTILIZATION OF GEOTHERMAL ENERGY SOURCES

ABSTRACT

OBJECTIVES., Dotorminp how romote spaco sensors might identify
geothomal powor sourcos and dovelop signaturo-recognition critoria
for geothermal potentiol. Botter understanding of heot flow and o
global inventory aro requiccs as products of this research,

BACKGROUND. Impressive literature oxists on geothermal power
sites in New Zealond, Kamchatko, California, ttaly, ond lcelond.
Investigators have suggosted the role of romote sensors in defining
extensions to original sourcos and in idontifying now sites. As
engingering progressos in economios of tapping geothermal sources,
tho quest for new sites will increaso.

HESEARCH DESCRIPTION. Using thermal infrared and micro-
wave radiometors, locote sources of geothermal anomalies. Precise
scheduling of obsorvations ig of particular importance, bocause
subsurface hydrothermal valuos may bo difforent ot night than
during day, Synoptic doy-to-night sensing before and aftor rainfall,
before and after spring thaw, and before and aftor winter snowfail,
to provide usoful data on loca! heat Hlux.

CONSIDERATIONS FOR IMPLEMENTATION
SPACE FACILITY RESOURCES. Metric camera, multispectral comera,
multispeetrot  sconner  (thermol infrored), microwave radiometer, sido-
tooking radar, and associated data recording and processing equipment.
CREW. Goeology ond engineering tkills, for preporotion of sensors,
selection of turgot oreas, monitoring of eguipment oporotion, ond
comparisons of outputs.
DATA. Primary dota mode is film (color, false-color infrared, and black
and whitg), with magnetic tope and computer printouts.
OPERATIONS. Nominal 30-degree sun angle for infrared sensors, Global

coverago roquires high-inclination orbits. Selected geothormal truth sites
require comparative geophysicol dota for correlation control,

RESEARCH SEQUENCING. Not criticol. Seasonal observations, once per
quarter per vita, taken over 1-year period.

SUPPORTING TECHNOLOGY DEVELOPMENTS. Onboord film process
ing in 2zero-g. improved resolution of sensors.

RESEARCH COMMONALITIES. Simitor instrumentation to other Earth
Obsorvations resporch clusters.

RESEARCH CLUSTER 6-G-5—MINERAL AND OIL DEPOSIT DISCOVERY

ABSTRACT

OBJECTIVES. Develop space sensing techniquos to discriminate
among major closses of mineral and oil deposits, including ores,
saline building materials, ond fossil fuels, Discrimination capabil-
ities to include determination of site, grade of the deposit (where
applicable), spatial configuration, and geological control.

BACKGROUND. Photographs by hand-held cameras from space,
using corventiunag color films over geologicolly random points, have
proven tc be ighly significant to oil and ore companies throughout
the world. Literature in field of remote sensing highlights scaling
advantages that can be gained from space in the search for economic
minoral deposits.

RESEARCH DESCRIPTION. Imtially, target cameoras on areas
covering known major metalliferrous and petroteum deposits of the
world for stereoscopic topographic analysis. Use spectral and
thermal data obtained from multispectral scanner, supported by
topographic radar dota, to identify potentially valuable deposits.
Assess optimum scaling selection and response of remoted instru-
ments, using ground-based control targets.

CONSIDERATIONS FOR IMPLEMENTATION

SPACE FACILITY RESOURCES. Multisensor, multispectral devices
{microwave, visible, UV, and 1R bands) for high-resolution spectral imaging
and scanning, radiometry, and photography.

CREW. Geologist and engincoring skills, to perform targot seloction, set up
and opoerate remote sensors, and coordinate ground control surveys.

DATA. Film and magnetic tapo. Onboard computer-controlled paromoters
with ground-aided computation backup. Voice annotation of target
geotogic features.

OPERATIONS. High-inclination orbit. Sun angle between 16 and
GO degrees for sensor evaluation. Laser ranging accuracy desired for stereo
aerotriangulation of control targets.

RESEARCH SEQUENCING. Spacecraft truth-site overflights concurrent
with instrumented aircraft. Repeated abservation of targets each quarter.
SUPPORTING TECHNOLOGY DEVELOPMENTS. Refinement of spec-
tral signature techniques. Onboard photographic processing in zero-g.

RESEARCH COMMONALITIES. Similor instrumentation in 6-G-1.

RESEARCH CLUSTER 6-G-6—-1DENTIFICATION OF LAND FORMS AND STRUCTURAL FORMS

ABSTRACT

OBJECTIVES. Develop capabitity to analyze land forms by remote
sensing techniques, primarily space photography. ldentify spectral
signatures of various types of rocks, soils, and vegetation,

BACKGROUND. Numerous aircraft flights at Purdue University
have produced spectral signatures of soif in the 0.4- to 1.1-micron
range. Use of thermal infrared and microwave radiometry offers
dditional techniques for soil classification and deternunation of
moisture content, Optical image processing permits quantitative
analysis of terrestrial stratigraphic features.

RESEARCH DESCRIPTION. Observe and photograph various land
forms in North and South American continents, using metric
camera, multispectral camera, 10-band multispectral scanner,
infrared radiometer, side-looking radar, and microwave radiometer.
Establish optimum conditions for stereoscopic analysis of topo-
graphy structure and geologic formations. Obtain and compare
thermal and spectral radiance of rock and soil types with similar
data (including controlied cahbration sites) recorded from aircraft,

CONSIDERATIONS FOR IMPLEMENTATION

SPACE FACILITY RESOURCES. Metric camera, multiband multispectral
camera, infrared imagery and spectrometry, microwave radiometry, and
side-looking radar imager.

CREW. Geologic and engineering sxills, to chack out equipment; to use
optica! scan for selecting, pointing and tracking to targeix; and to adjust or
modify flight plan.

DATA. Film and magnetic tape recording, with digital printouts of orbital
parameters during data runs.

OPERATIONS. Observations to be made quarterly. Overflights of ground
truth sites to establish speotral characteristics of rock and soil types. Orbit
inclinations up to polar required,

RESEARCH SEQUENCING. Coordination of duplicate instrumentation
aircraft overflights during ground truth catibrations.

SUPPORTING TECHNOLOGY DEVELOPMENTS. Advanced spectral
analysis techniques. Improved sensors,

RESEARCH COMMONALITIES. Similar instrumentation in othar Earth
Observations research clusters, principally 6-G-1.
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RESEARCH CLUSTER G-H-1-DETERMINATION OF PO LLUTION IN WATER RESOURCES

ABSTRACT

OBJECTIVES, Doterming foasibitity of sonsing from space, the
notlution of water resources, extent of the pollution, and its effects
on water reiourco utilizotion, Dotormine foasibility of transmitting
potlution warnings within 8§ hours ofter doata acquisition,

BACKGROUND, Legistation by Congross and the ostablishmont in
1970 of the Environmental Protoction Agency mark a commitment
to rovorse the advorse pollution trends. Water poliution from wastes
takes four formy: chemical, biological, thermal, and mechonical.
Basoline spaco sunsing dota on the ¢cological thresholds of oach type
or combination of poliution forms is roquired.

RESEARCH DESCRIPTION. Photograph the sedimentation and
wator circulation pattorns and visible pollutants in waters along U S,
coastlines, rivers, lakes, and streams in vigiblo and infrared spontra,
Obtain  high-resolution spectropiiciymetie signaturos and multi-
spactral thermol scanner outpy s of wurface water ovaporation rate
to determine presence of surface poltutanis, Collgey data from
surface-based platforms capable of defining local salinity, chemical,
and radhological parometers in waters.

CONSIDERATIONS FOR IMPLEMENTATION

SPACE FACILITY RESOURCES. Metric camora, multispoctral camera,
multispectral scannor (0.4 1o 12.5 microns), multichannel ocean-color
spectrophotometer, and datp collection and recording equipment,

CREW. Hydrology and engineering skills, to prepare and operato sengors,
solect targots, and monitor status and dota disploys.

DATA. Film {black and white, color, folso-color infrored) and mognotic
tape. Computer printour of doto collection inputs. Voice annotation of
abserved data.

OPERATIONS, Orbit inclinations to 60 degrees. Cotastrophic pollution
warning in noar-real-time, Monthiy duty cyclo for routing observations. No
effluents emitted from space facility during data run,

RESEARCH SEQUENCING, Poriodic calibration with ground truth sitos.
Preemptive response to catactrophic ovents ps thoy occur,

SUPPORTING TECHNOLOGY DEVELOPMENTS, Onboord fitm devol-
opment in zero-g. Pollution signature analysis techniques.

RESEARCH COMMONALITIES, Similar to other Earth Observations
rescarch clusters, mainly 6-H-( ) suries,

RESEARCH CLUSTER 6-H-2-FLOOD WARNING AND DAMAGE ASSESSMENT

ABSTRACT

OBJECTIVES. Detormine effectiveness of high-resolution mui-
spectral imaging sensors in orbit in providing global surveillance
information on the areal distribution of snow cover, precipitation,
and flood-water extent. Establish synoptic imagery technigues for
mproved water system managoment and flood control. Develop
real-time acquisiton and communications of flood warning
information.

BACKGROUND. Need for rapid synoptic collection of hydro-
logical data for use in flood forecasting and warning 1s urgent. To
date, satellites are limited to relatively low-resolution TV 1imagery to
supplement data from numerous surface gages. Expanding sensing
capability of satellites will offer benefits in both rapidity and vatue
of data obtained.

RESEARCH DESCRIPTION. Conduct and evaluate high-
resolution photography and noar-reai-time high-resolution TV of
surtace floodwater. Provide supplemental doata and support for an
all-weather capability, using imagery from sidu-looking radar and a
microwave radiometer. Test spaceborne date-collection system of
surface-based hydrologic sensors.

CONSIDERATIONS FOR IMPLEMENTATION

SPACE FACILITY RESOURCES. Radar imager, radiometor, metric
camera, TV photoimaging, and data collection system, with appropriate
scanning, recording, and display devices.

CREW, Hydrology and engincering skills, to check out equipment,
monitor outputs, perform “quick-look"* analysis, and coordinate ground
processing of data.

DATA Primary data mode is film and magnetic tape. Also, TV scanning
and digital transmission of synoptic data to ground.

OPERATIONS. Onboard film proéussmg and transmission of video tapes
Nominal sun angle of 30 degrees for visible spectrum sensors. Orbit
inclinations up to at least  B5 degreos. Data transmitted to ground
processing conter in near-real-time,

RESEARCH SEQUENCING. Repeated overflights of target areas between
March and June at weekly intervals: 1 to 3 days during floods.
SUPPORTING TECHNOLOGY DEVELOPMENTS. Onboard film devel-
opment and synoptic data processing techniques, Improved sensor
resolution,

RESEARCH COMMONALITIES, Similar instrumentation in other Earth
Observations research clusters, mainty G-H.{ ) series.

RESEARCH CLUSTER 6-H-3-SYNOPTIC INVENTORY OF MAJOR LAKES AND RESERVOIRS

ABSTRACT

OBJECTIVES. Obtain space data defining portion of world's water
budget contained in major lakes, reservoirs, and rivers. lnventory
geographical location and areal extent of frosh water resources on
North and South American continents,

BACKGROUND. Only gross data exist on geographical jocation
and areal extent of world's major lakes and reservoirs. In a coopery-
tive international program under sponsorship of UNESCO, t*“mporal
and spatial data on fresh water resources, on a regional and world-
wide scale, have been costly and time-consuming to obtain. Space
applications offer a rapid and economic method for obtaining this
inventory,

RESEARCH DESCRIPTION. Test feasibitity of surveying and
inventorying areal extent and shape of major lakes and reservoirs,
employing black-and-white metric photography from space. Provide
secondary data on topographical features and nature of surrounding
vegetation from infrared and radar imagery and multispectral
cameras. Obtain additional hydrologic data from ground-emplaced
sensors, using a spaceborne data-collection system,

CONSIDERATIONS FOR IMPLEMENTATION

SPACE FACILITY RESOURCES. Metric cameras, multispectral cameras,
infrared scanner, microwave radar imagery, and data collection system.

CREW. Hydrology ond engineering skills, to prepare equipment, locate
and select target sites, and review and assess data return.

DATA. Sensor outputs principally on film and magnetic tape. Computer
printout of data collection and ephemeris information. Voice annotation
of target foatures.

OPERATIONS. Inclinutions up 1o 66 degrees for principal target coverage.
Overflight observations obtained quarterly for each target. Data collection
from surface hydrologic sensors.

RESEARCH SEQUENCING, Ground truth site calibration to abtain
water-depth sensing. Seasonal survey requirements.

SUPPORTING TECHNOLOGY DEVELOPMENTS. Photographic devel-
opment capability in zero-g. Improved resolution in Sensors.

RESEARCH COLIMONALITIES. Similar instrumentation in other Earth
Observations research clusters, mainty 6-H-( ) series,
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RESEARCH CLUSTER 6-H-4-SYNOPTIC INVENTORY OF SNOW AND ICE

ABSTRACT

OBJECTIVES. Evaluate severat difteront instruments and  toch
ngues for obtaming data from 5aco on the areal extont of the
Earth's snow cover and e pack. Acquire albedo  and sut ace
temper ature measutements of the SN0 Areas

BACKGROUND. Physical understanding of the dynanie character
whies of Earth'y hydrologic cycle requires hnowiedge of the contri
bution of snow and ice This knowledge required for management of
hydroelectiic power production, inigation systems, flood warning,
and regional and mumcipal water supphes Limited data obtained
from Gemwni and Apolio spacecraf t and from ESSA satolines

RESEARCH DESCRIPTION. Using  high resolution  black and
white and  color photography, obtam SYNOPLC inventonies of
boundaries, texture, and aibedo of snow and e frelds. € valuate
fadar imagery and passive microwave radiometry for temperature
differentiation of snow and tce and for deternuning thes densities
and depths Obtain hydrologie parameters from surface sensors for
correlation and companison analysis

CONSIDERATIONS FOR IMPLEMENTATION

SPACE FACILITY RESOURCES. Metric camera, intrared SCANNOL, iicro-
wave radar and  passivo radiometer, and data collection pystem wath
recording and display devices

CREW. Hydrology and engineening kills, 10 prepare eqnpment, obsprye
and seloct targets, and monitor operations and data display.

DATA. Fum ang maghetic tape recording. Voice dnnotations of visual
tightings. Video scan and duwplay of imaged data.

OPERATIONS. ool orbit  required Photography  limited for clear
weather (cloud cover « 20 percent) Ground truth correlation of infrared
and microwave temperatures. Qvertlights of surface sensorg for cotlection
of hydrologic data

RESEARCH SEQUENGING. Quarterly observations excopt duning spring
thaw, then weekly Frequent sensor calibration to truth site references

SUPPORTING TECHNOLOGY DEVELOFMENTS. Radiometne  tech:
aques for depth and densily measurements and mathematical models
Onboard fitm Provessing and anatysis Improved sensor resolution

RESEARCH COMVONALITIER. Similar nstrumentation in other Earth
Obswivations research clusters, manly 6 H ( ) sories

RESEARCH CLUSTER 6-H-5-SOIL MOISTURE SURVEY IN SELECTED AREAS OF NORTH AMERICA

ABSTRACT

OBJECTIVES. Provide penodic surveys from space to map sonl
moisture of agicultural areas of the North American continent, the
ARHOr fiver basing duning flooding seasons, and sporadic and discon
tnuous permafrost in Canada and Alaska Develop techmquos to
entify  spectral, spatial, and temporal charactenistics for global
distribution of soi mostyre

BACKGROUND. Arval astnbution and seasonal varation of 501!
momsture and temperature daty are mportant to both agriculture
and hydrology. Momsture content affects plant vigor, salt cantent,
compaction, and statnlity Frozen moisture N the arctic sod (perma
frost) presents dilficult construction engineering problems.

RESEARCH DESCRIPTION. Assess whether soul type and texture,
areas of water infiltration, vegetation patterns, standing water, and
peimafrost conditions can be determined using  hagh resolution
photagraphy Use thermal frared imagery and microwave radiom
tiry 1o obtamn temperature distribution, and evaluate this techmque
for acquiring sol mosiure signatures

CONSIDERATIONS FOR IMPLEMENTATION

SPACE FACILITY RESOURCES. Metnic cameras, nfrared  scanner,
Mmicrowave radiometer, and data collection system with recording and
thsplay devices

CREW, Hydrology and engmeering skills, 1o prepare and operate equip
ment, record visuat observations, and monitor data output

DATA. Panchiomatic and false color Hilm and magnetie tupe Data from
surface sensors on computer printer.

OPERATIONS. Newr polar inchination desied for giobal mapping Moy
mum  solar angle 30 degrees and  cloud cover below 20 percent for
photography Comparative truth-site calibration overflights

RESEARCH SEQUENCING. Agricultural areas surveyed at 2-week inter
vals, spring thow tflooding surveyed within 1 week

SUPPORTING TECHNOLOGY DEVELOPMENTS, Improved sensor
resolution. Onboard fitm processing. Synoptic soil signature  analysis
techniques,

RESEARCH COMMONALITIES. Complements other research 1n GH()
sories

RESEARCH CLUSTER 6-H-6—-LOCATION OF UNDERGROUND WATER SOURCES IN SELECTED AREAS

ABSTRACT

OBJECTIVES. Evaluate sensing techimiques and determine feasily))
ty ot wdentifying from space the distinguishing spectral, spatial, aixd
temporal charactenstics that refate to locating underground warter
resources

BACKGROUND. By the ust of thermal infrared  radiometric
techmiques, underground  sources of water can be detected by
tocating areas of ground water discharge 10 surface water bodhes.
Several ground water sources in Hawair and Califorma have been
discovered by this method. Cround water discharge can also be
dentified in arid regions by observing the character and density of
vegetation.,

RESEARCH DESCRIPTION. Using the thermal infrared band of
the multispectral scanner, obtun images of temperature discontin
utties adentifying areas of ground water discharge into rivers and
large bodies of water Provide supplemental data using photography
and microwave radiometrice medasurements. liatial obiservations 1in
southwestern United States and Mexico and along major river
systems of North America,

CONSIDERATIONS FOR IMPL EMENTATION

SPACE FACILITY RESOURCES. Metrnic cameras, multispectral (infrared
o ly) scanner, and photareduction and nterpretation equipment

CREW. Hydrology and angineering skills, to operate equipment and
perform  interim assessment  of  thermal discontinuities  for target
identification

DATA. Simultaneous panchromatic and false color film. Tape recording of
infrared scanner and voice annotation of target area descriptions

OPERATIONS. Solar angle 30 degrees for photography. Night operation
for infrared smagery. Truth site overfhights for meteorological data

RESEARCH SEQUENCING. Responsive to interim analysis and dentif,
cation of potential targets. Successive overfhights of target area not to
exceed 2 week intervals. Late spring and fall observation periods.

SUPPORTING TECHNOLOGY DEVELOPMENTS, High resolution
sensors. Onboard film processing,

RESEARCH COMMONALITIES. JSupports other research clusters in
6-H-{ ) series.
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WESEARCH CLUSTER G-H-7-SURVEY OF HYDROLOGIC FEATURES OF MAJOR RIVER BASINS

ABSTRACY

OBJECTIVES. Evaluate uso of tpace platforms to abtain informa-
100 on the topography and hydrologic foatures of major river basing
and estuarios. Provido duto for routing of canals and waterways.

BACKGROUND. Seazonal surveys of the mojor river basins of
North and South America are sought to provido information on tho
dovelopmont of wator rosources. Periodic surveys of the drainage
characteristics are important in wator system managoment, flood
control, hydroeloctric power gonoration, control of soil orosion,
wildlife protoction, and rocreation. In somiarid regions where flash-
flooding occurs, the courses of rivers can change annually.

RESEARCH DESCRIPTION. Obtan topographic information in
arcas of high terrain retief, using wide-angle storcomotric photog-
raphy. Infor topography of arcas of low relief from photographic
intorpretation. Use multispectral photography for bottom topoy-
raphy, plant life, and vegetation analysis. Use infrared imagery to
ohgerve thermal pattorns of drainage conditions.

CONSIDERATIONS FOR IMPLEMENTATION

SPACE FACILITY RESOURCES. Motric comera, multispectral camory,
infrared sconner, and rodar imager. Computer printouts and photointerpro-
tation equipmont. Dato colloction systom and displays.

CREW. Hydrology ond engincering skills, to ot up and operote cquip-
mont, monitor and interprot dato, and corrolate ground sensor inputs.
DATA. Primary data modo is film (black-and-whito, color, falso-color
infrared) used with filters. Magnetic tapoe for digital dota.

OPERATIONS. Orbit inclinations up to 68 degreos. Minimum 30-degroe
solar anglo for photography. Cloud cover of 20 percent or tess.

RESEARCH SEQUENCING. Seasonal obsorvations {3-month intervals).
Surface sensor ovorflights for hydrotogic paraomoters.

SUPPORTING TECHNOLOGY DEVELOPMENTS. Largo-copacity film
processing in zoro-g.

RESEARCH COMMONALITIES. Supports 6-+-2, -3, ard -6,

RESEARCH CLUSTER 6-0-1-OCEAN POLLUTION IDENTIFICATION AND MEASUREMENT

ABSTRACT

OBJECTIVES. Devolop offoctive space-based tochniques for moni-
toring effocts of pollution on physical, chemical, and biotogical
processes of the ocean. Incroase knowledge of tho interaction
between pollution and ocean ecological systems so that marine
pollution can be controlled and reduced.

BACKGROUND. Ocean and fresh-water pollution affects health,
osthetics, recreation, fishing, and agriculture. Ocean pollution resulis
directly from effluent outfalls, tand runoft, harbor and shipping
activitios, dumping, and offshore seeps and spills. Marine biological
phenomena, such as red tides, are also gources of highly toxic
materials,

RESEARCH DESCRIPTION. Test remote sensing techniques and
acquire data, such as sea-surface temperature, reflectance, sea color,
and shoreline currents {using tracer dyos), which are indicative of
pollutants. Initially, evaluate ocean color imagery by using metric
and multispectral comeras. Measure soa surface temporature using
infrared scanner and microwave radiomater. Select targots from
surface-instrumented truth sites.

CONSIDERATIONS FOR IMPLEMENTATION

SPACE FACILITY RESOURCES. Motric camera, multispectral scanners,
absorption spectromoter, ocean-color sensor, microwave radiometer, and
data collection system with recording and display dovices.

CREW. Oceanographic ond hydrologic skills, to prepare and operate
sonsors, perform interim analysis, and coordinate with ground data
stations,

DATA. Photographic film and magnetic tape recording. Voice annotation
of ocean glitter, color, and apparent turbidity,

OPERATIONS. Orbit inclinations above 50 degroes to cover selectod U.S.
targets. Ground truth site overflights of Scripps Pier, La Jolia, California,
and Galveston Bay, Texas, required for correlation of surface data,
Coincident aircraft overflights during calibration,

RESEARCH SEQUENCING. Deily observations covering 1 year. Time-
lines not critical unloss impending catastrophic pollution event is dotectod
during tests,

SUPPORTING TECHNOLOGY DEVELOPMENTS. Improved sensor
' resolution. Synoptic signature analysis techniques.

RESEARCH COMMONALITIES. Similar Rescarch in 6-H-1,

RESEARCH CLUSTER 6-0-2-SOLAR ENERGY PARTITION AT THE SEA SURFACE

ABSTRACT

OBJECTIVES. Determine feasibility and develop space-based
remot-sensing techniques to contribute to understanding the nature
of partitioning incoming solar energy in the atmosphere and heating
at the air-sea interface. Particular requirement for energy absorbed
by sea-surface layer.

BACKGROUND. Oceanographers presently estimate energy
partition by indirect mothods, averaging measured values of the
energy parameters. Diagnostic studies require data of the global-
scale air-sea interactions and temperature change in the oceans.
Real-time synoptic-data acquisition may lead to increased accuracy
in long-term weather predictions.

RESEARCH DESCRIPTION. Measure apparent temperature and
net heat flow at the ocean surface, using dual-channet microwave
radiometer in 8-mm to 3-cm wavelength ranges onboard spacecraft
during initial tests. Extensive laboratory investigations relative to
optical properties of water in these wavelengths required, followed
by aircraft trials as precursors to space activities.

CONSIDERATIONS FOR IMPLEMENTATION

SPACE FACILITY RESOURCES. Multispectral infrared and microwave
radiometer, radar, ocean-solar sensor, metric camera, and data collection
system, with recording and display cquipment.

CREW. Hydrology and oceanography skills, to prepare equipment,
monitor operations, and perform interim data-quality analysis.

DATA. Primary dota mode is magnetic tape. Photographs of cloud-cover
characteristics during data runs. Voice annotation of targer area data.
Primary analysis at ground processing center.

OPERATIONS. Orbit inclinations up to 90 degrees. Sun angle between 30
and GO degrees. Adjustment of initial flight instrumoents to solect wave
length and polarization during the mission.

RESEARCH SEQUENCING. Daily observations over period of 1 year.

SUPPORTING TECHNOLOGY DEVELOPMENTS. Microwave radiometer
for measuring heat fiow.

RESEARCH COMMONALITIES. Cupports other oceanographic research
in 6-0-( ) series.
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RESEARCH CLUSTER 6-0-3-0OCEAN POPULATION DYNAMICS AND FISHERY RESOURCES

ABSTRACY

OBJECTIVES. Dovelop techniquos of romoto consing from cpace
to improve undorstanding of tho fish-population distribution
dynamics and fishory production of the oceans. Detornung offocts
of pollution on fich population dynamics. Dovelop modots retating
physical, biological, and chomical paramoters to overall produc-
tivity.

BACKGROUND. Predictions of overall fish production aro derived
from analytic modols ot ocsan population {food chain) dynamics,
which uco estimatoes of primary organic praduction a3 inputs, Theso
modols are cubject to site vanations, Accurste measuromomts of
sontible parametors, cuch as cea tomporature, hoat flux, otc., will
reduce modol uncortaintios in the dovelopment of improved
dynamics models.

RESEARCH DESCRIPTION. Corrolate multispactral signatures of
chiorophy il concentration, reflocted solar radhation, susponded
seddiments, and pollutants with ground th data from cooperating
ocoanographic rozearch shipe. Map 18 paramoters ovor  large
geographic regions of the oceans.

CONSIDERATIONS FOR IMPLEMENTATION

SPACE FACILITY RESOURCES. Mouic camero, multichannol infrared
scannor radiomotor, multispectrol fcean color sensor, microwave radiomo-
tor, ond recordors ond disploy oquipment.

CREW. Occonography and hydrology okills, 10 preporo  cauipmont,
monitor operotions, and coordinate ground truth colibrations

DATA. Film and magnotic tapo (anolog and digitol). Voice annototion of
visuol observotions.

OPERATIONS. Polor orbit inclination dosired Sun angle botweon 30 and
60 degroes. Ono-yoor obsorvation poriad. Limitcd onboord data analysis.

RESEARCH SEQUENCING. Daily obsorvations. Simultancous averfhight
of ground truth sites with instrumontod aircraft.

SUPPORTING TECHNOLOGY DEVELOPMENTS. Onboard fim procoss
ing, high-resolution sonsors, computor signaturo analysis, and mode)
simulation techniques.

AESEARCH COMMONALITIES. Supploments other  oceanagraphic
rescarch clusters in 6-0-( ) serios.

RESEARCH CLUSTER 6-0-4—~OCEAN CURRENTS AND TIDE FORECASTING

ABSTRACT

OBJECTIVES. Hovelop remote sensing techniques from spaco to
improve the determination of sea-surface height vorotions anrd
improve global forecasts of ocean-curront structure, as an aid to
transportation and other ocean-surface activitios.

BACKGROUND. Knowiedge of global ocean currents is importa
in forecasting oceanic and atmospheric parameters. Accura'e
measurements of ocean-surface slope, mean soo-surface hoight,
surface winds, temperature, and salinty aro needed in determining
surface currents and subsurface current distribution. Synoptic dota
of mean sea-surface height is a prime candidate for acquisition from
spacecraft.

RESEARCH DESCRIPTION. Estimate soa surface mean height by
corrglating precision radar-altimeter test data with precise orbital
data. Reduce noise or signal fluctuations caused by wind, waves, and
swoil by using orror analysis involving variations in the altimeter
return signal by gating and averaging. Ground truth data includes
sea-surface temperature, roughness, gravity field, ocean currents,
and wind velocity.

CONCIDERATIONS FOR IMPLEMENTATION

SPACE FACILITY RESOURCES. Radar aitimeter/scatterometer, radar
imagor, motric comera, and data coliection system supported by computaor,
recorders, and display instruments.

CREW. Hydrology and ocoanography skills, to prepare and oporate
sensors, make visual observations, monitor surface data, and assess results

DATA. Magnetic tape. Photographs of ciouds and glitter patterns. Critical
inputs from hydrographic surface sonsors. Ground truth data include
gea-surface temperature, surfaco roughness, gravity ficld, ocean currents,
and wind velocity,

OPERATIONS, Polar orbit inclinations for giobal coverage. Procision
altitude determination {relative error of + 3 cm desirod).
RESEARCH SEQUENCING. Daily ohservations aver periad of 1 year

SUPPORTING TECHNOLOGY DEVELOPMENTS. Improved instrument
resolution and computer software of analy tical modes.

RESEARCH COMMONALITIES. Supplements other aceanographic
rasearch clusters in 6-0O-{ ) sorios.

RESEARCH CLUSTER 6-0-5—~OCEAN PHYSICAL PROPERTIES

ABSTRACT

OBJECTIVES. Detormine role of remote sensing from spare in
acquiring knowlerge of physical and chemical properties ol the
oceans; in particular, the density structure and its variations, which
are basic to many physical and chemical characteristics of the
oceans

BACKGROUND. Density variations in the ocean are fundamental
factors in determining refative heights of pressure surfaces and hence
large scale currents. Density is determined by the temperature,
pressure, and cot wosition of sea water. Composition is represented
by sahimty. Temporal variations of density at a given point are due
to sahmity and temperature changes from turbulent mixing, advec
tion, and heating or cooling. Several of these parameters can be
observed remotely.

RESEARCH DESCRIPTION. Determine whether salinity vari-
tions can be remotely determined by polarimetnic and radiometric
techniques. Buoys or ships provide truth data. Advanced activities
involve multispectral and multisensor acquisition of data over
controlled and extended areas.

CONSIDERATIONS FOR IMPLEMENTATION

SPACE FACILITY RESOURCES., Microwave scanner radiometer, radar
imager, metric comera, ond data collection syrtem with racording ond
display instruments,

CREW. Hydrologist, to perform instrumentation-correlotion moasure-
monts with ground truth sites, and to visually observe conditions

DAY A. Magnetic tape and photographic film. Voice annotation of cloud
cover and sea state. Data collection from surface sensors.

OPERATIONS. Orbit inclinations above 50 degrees. Comparative over-
flights by instrumented aircraft.

RESEARCH SEQUENCING. Coordinated sensing from buoys and mrcraft
to validate meosurement techmiques. Daily observations taken over 1.year
period.

SUPPORTING TECHNOLOGY DEVELOPMENTS. Improved computer
mode! of oceamic physical and chemical properties.

RESEARCH COMMONALITIES. Supplements other research in 6-0-( )
saries.
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RESEARCH CLUSTER G-0.-6-0CEAN BOUNDARY PRGCESSES

ABSTRACT

OBJECTIVES, Devolop remote sonsing technigues from wpacs o
Measure solid boundary Dracesses that change charogter pru £hapo
of coostlines and adjoeent ocean bottom. Perecast LT Y L T Y e
of erosion and aceretion; effect of harbor ang coasthine eonsirye.
tion; and relotionship of high svells, tsunamis, and tidal waves to
bottom topagrophy ond coasthine shope,

BACKGROUND. Tho bottem depihs and the eoastiine shope ore

continually ehanging. These changes must bo monitared continuolly
10 ossuss the olfocts of man-made modifications to natural procosses

€0astal provinges,

RESEARCH DESCRIPTION. Provide surtsco doto on coastline
shape, using motric camero and high-resolution radar imagory. Use
Muitispeetral photography for bottom topography in shollow water
areds. Analyze relationship betwoon wind volocity, long shore cur.
rent, ond beach erosion, Initial rescarch win require extengivo
ground truth measuremonts,

CONSIDERATIONS FOR IMPLEMENTATION

SPACE FACILITY RESOURCES. Motric €amero, multinpeetral seonner,
muttencetral camera, radar ammowrlacanemmetev. and doto eallection
systaims,

CREW, Hydrology ond occanography skills, to check out and oporoto

instruments, perform photointerpretation of target doto, and coordinate
ground truth calibrations,

DATA. Magontic pe ond film, Photestereoscopic  anboard dota
processing.

OPERATIONS, Polor orbits for globa! coverage. Concurrent aircrofy
overflights for ground truth comparisons,

RESEARCH SEQUENCING. Variable, based on accurrence of natural
events (stormsg, earthquaky, tsunamig). Ooily ebscrvotions over Voyour
period.

SUPPORTING TECHNOLOGY DEVELOPMENTS, Computationat
modoeis. Onboard fitm development.

RESEARCH COMMONALITIES. Similar Instrumentotion in G.0.( )
research clustor serips.

RESEARCH CLUSTER 6-0.7-0CEAN SURFACE ACTIVITY FORECASTING

ARSTRACT

OBJECTIVES, Dovolop spoce-hased techniguos to romotely dotor.
mine sea-surfoco roughness or sea stoty. Information on current ond
future sea state is vital to ecoon trarsportation and surfoco activitioes.

BACKGROUND. Theory re'ving son surfoce roughness charactor-
istics to the wind field Isqu. « voll developed. Mogt obsorvations of
303 stoto and wind volocity wro takon from ships, buoys, and fixarg
Blatforms, One area that requires furthor study is the effoct of wing
on surfaco strogs characteristics and the offect of the vorticol tompor-
aturo profile near the surface on wave characteristics,

RESEARCM DESCRIPTION. Moasurg 563 state by various toch.
nigues ond instrument combinations, such as radar or lidar altimoter
Scotterometry, active and passive rador, multichannol passive
microwave radiometry, and optical imagery, Corrolate data with
selocted ground truth n ouremonts from ships or instrumonted
buoys for further evaluovion of space techniques that appoar
dosirable,

CONSIDERATIONS FOR IMPLEMENTATION

SPACE FPACILITY RESOURCES. Morric comera, rodoar altimetor-
scotteromoter, microwave seanner rodiometer, and doto collection system
with recording and disploy devices,

CREW, Ocoanography and hydrology skills, to propare sonsors, moko
visual obgervations, and corrolote dato with surface-dota colleetion £ensors.
DATA. Fiim and magnetic tope. Dato ovaluation of tochniques porformed
ot ground procossing contors, Ground truth dota from buoys and ships
required for corrolating space measuromy nts,

OPERATIONS. Polar orbit inclination desired. Daily abzorvations with
ropeatable track, over 1-vear poriod.

RESEARCH SEQUENCING. Not criticol, excopt for ovorflight of surface
sensors during doata collection and for data-monagomeont telemetry,

SUPPORTING TECHNOLOGY DEVE LOPMENTS. improved mathg
matical modoils retoting surtaco paramotors to electromagnotic ang amiggion
phenomena, leading to high-resolution sensor dosigns,

RESEARCH COMMONALITIES. Supports other oceanographic regcarch
clustors in 6-0- ) sories.

RESEARC*! C! USTER 6-M-1-DETERMINATION OF ATMOSPHERIC BOUNDARY LAYER EXCHANGE PROCESSES

ABSTRACT

OBJECTIVES. Develop techniquos for using epace infrared radiom.
eters and spectromoters in deriving three-dimensional temporoture
and moisture fiolds and character of the boundary and cloud layers
in the atmosphere. Improve Predictive modols of otmospher ¢
processes for global and regionol weather forocasting,

BACKGROUND. Transfor of enorgy by heat and moisture across
air-todand and air-to-water intorfacos dotermines the primary heat
sources and sinks for atmosphaeric circulation, These oxchange
processes depond critically on the vertical grodiont of temporaturo,
moisture, and wind in the atmosphore. Remote atmospheric probing
from satellites began more than a decado ago, with the launch of
Explorer VI, The dovelopment of an operationai capabllity has
been the goal of the TIROS and Nimbus sateltito programs,

radiometers and Spectrometers. Ground aond space sensing provides
basis for comparing merits of instrumentation approaches and
thereby of identifying the bogt candidates for operationat use,

CONSIDERATIONS FOR IMPLEMENTATION

SPACE FACILITY RESOURCES. Multisonsor ond multiband infrared
{H20 and €CO2) radiometors and spoctromoters, metric camera, end
recording and disploy devices.

CREW, Meteorology and ongineering skills, to propare equipment, provide
inmerim evaluation of results, and coordinate with ground stations.

DATA. Film and magnotic tape. Voice annotation of visual observations
during data runs. Multipie data channot readouts on strip charts.

OPERATIONS, Orbit inclination up to 70 degreos, Targets of opportunity
on global scale.

RESEARCH SEQUENCING. Adaptive, based on obsorvation opportuni.
ties of atmospheric weather phenomena. Surface and airborne soundings in
target areas required for dotg correlation.

SUPPORTING TECHNOLOGY DEVELOPMENTS, improved mathe-
matical models of small and mesoscale processes and associated goftwore
programs,

RESEARCH COMMONALITIES, Supports other rosearch clusters n
6-M-{ ) sorios.
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RESEARCH CLUSTER 6-M-2-UHF SFERICS DETECTION

ABSTRACT

OBJEC €8, Dovolop cpeco baccd romoto conaing tochiquos for
obzorviey  ulte avigh frequongy  (UMF) oloctromagnotic emicsions
from cumulustype clouds n the atmophere to provide global
distribution dato Theso doto aro nocossary to dofine distribution
and intgnsity of thyndorstorm activity in tho atmocphore

BACKGROUND. information on tpatisl and tomporal vanations
of thunderstorm activity has both bagic-rozesrch and applied vatuos
Among basic-rosoarch probloms aro thoto of dotormining gonoral
atmocpheric circulation and distribution of contaminants, sinco it 4
bohieved that intonse thunderstorms play a witol rolo in oxchangos
botween the stratocphere and tropocphere. Apphications includeo
location of oloctrical dischargos s an wd forost managoment,
arcraft routing, radio communications, and tornado location.

RESEARCH DEGCRIPTION. Moasure UHF OMissIONs 1n tho
610 -MHz region from appropriate thundorstorm targots, using the
onboard sforict detector Bimultangous aircraft, ground, and motoor-
ological gatolhito obzervations obtained for postflght corrolation and
analygig.

CONSIDERATIONS FOR IMPLEMENTATION

SPACE FACILITY RESOURCES. Sforcs dotcetor, motric camoro, ond
recording and disploy cquipmont

EREW. Motcorology ond ongincoring ckills, to preporo and oporote
cauipmont, locoto torgets, and monitor oporations

DATA, Magnotic tapo end fiim Viguot obcervations annotoated, along with
tpacocraft position, cltitudo, and attitudo, 10 indox gvonts ond roto of
QCCUIrongo.

OPERATIONS, Modium to high orbit inchinatrons Calibrotion from
cloud free regions (1.0, Southwestern U.8.). 20- to 60-minute monitaring
poriods.

RESEARCH SEQUENCING. Adaptivo, bascd on geasonal storm activity,
since observations are transitory. Day and night operations, correlated with
ground and sirborne data. Postflight analycis.

SUPPORTING TECHNOLOGY DEVELOPMENTS. Sonsitive {~ 3-db noiso
input) sforics dotector and acscciated signol analyos software.

RESEARCH COMMONALITIES, Supports other motoorological roscarch
ctustors in 6-M-( ) corios, and in 5.P-2.

RESEARCH CLUSTER 6-M-3-ATMOSPHERE DENSITY MEASUREMENTS BY STELLAR OCCULTATION

ABSTRACT

OBJECTIVES, Dotormine the foasibility of romotely moasuring the
density of the Earth's atmosphero bv the diffraction and scattering
of slectromagnetic waves, uging stars as tho sourco of radistion and
censors mounted on a space platform,

BACKGROUND. Woather prediction modols depend on o knowi-
edge of the initial flow and mags distribution of the atmogphere.
Vertical temporature and pressure profites can be derived by radio-
sonde dota measuring of the atmospheric dengity. Moasurements
from space can also be inforred from stellor ray-path refraction by
the atmoasphere. This special technique has boen studied analyti-
cally; the next stop roquires orbitpl tosting.

RESEARCH DESCRIPTION. Teloscopically acquire stars slightly
above the hurizon and on azimuths behind the space platform, and
track uccurately untif occultation at the horizon occurs. Detormine
rofraction angle as a function of time during occuitation. From this
ray-path data, deduce vertical atmocpheric dersity profile at the
tangent point in the lower strotosphere.

CONSIDERATIONS FOR IMPLEMENTATION

SPACE FACILITY RESOURCES. Star tracking tolescopes with appropri-
ate scanning optics.

CREW. Metworology and engincering tkills, to set up and oporate optical
tracker telescope during star agquisition and to calibrate olectronics.

DATA. Occultation and cpacecraft ephemeris dota telomotered to ground
dato contor. Visual observations annotated during dato run

OPERATIONS. Orbit inclination of 50 degroes desired. Alt'tude and
attitude stability during data run, + 1 arc-sec. Obtain five or six targets,

RESEARCH SEQUENCING. Simultaneous rodiosonde dota recorded
along lire of sight during occultation data run for cor-olation of donsity
predictions,

SUPPORTING TECHNOLOGY DEVELOPMENTS. improved star
tracking teloscope design. Atmosphoeric donsity mathematice! modal.

RESEARCH COMMONALITIES. Common to meteorological research
clustors in 6-M-{ ) oerigs.

RESEARCH CLUSTER 6-M-4-CLOUD PHYSICS EXPERIMENT IN A ZERO-GRAVITY ENVIRONMENT

ABSTRACT

OBJECTIVES. Acquire data for advancing the understanding of
microphysical atmosphoric mechanisms and processes of cloud
formation and precipitation to improve weather prediction capabil-
ities and artificial woather modification and control.

BACKGROUND. Microphysics hes at the very foundation of cloud
modeling. The ability to modaol cloud-growth dynamics is fundo-
mental to masnscale modeling of thunderstorms and squall-line
complexes. Laboratory simulations seek to provide insights into the
microphysics, and theorotical studieg contain assumptions that
require vabidation. Ground exporiments are unable t2 simulate cloud
processes realistically, because the gravity effect (convection) limits
observation time,

RESEARCH DESCRIPTION, Obsorve water dropiets and ice
crystals susponded 'n onboard 20r04 cloud chamber. Monitor
droplets under controlled changas in pressure, temperature,
dewpoint, aurosol population, electric field, ionization, and goseous
composition. Normal and microscopic observations by a trained
Investigator include growth, charge behavior, coalescenco mech-
anism, evaporation, and condensation characteristics,

CONSIDERATIONS FOR IMPLEMENTATION

SPACE FACILITY RESOURCES. Highty instrumented cloud chamber
with wide range of pressure, tempeorature, dewpoint, aerosol population,
olactric field, ¢ic.

CREW. Meteorologist with cloud physics exporionce, to prepare chambor,
introduce controlled test variobles, and observe and record results

DATA. Time-lapsed photomicroscopic records of behavior of the - loud
chambor's contents. Magnetic tape and strip charts of environmental
parometers.

OPERATIONS. Maximum acceleration tolerance of 104 10 10-5 9 during
oxpariments.

RESEARCH SEQUENCING. Adaptive, based on ground evaluation and
analysis,

SUPPORTING TECHNOLOGY DEVELOPMENTS. Zero-g cloud-physics
laboratory.

RESEARCH COMMONALITIES. Similar Instrumentation for 4.P/C.2, .5,
9,10, and -11.
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RESEARCH CLUSTER 6-M-5-DETECTION AND MONITORING OF ATMOSPHERIC POLLUTANTS

ABSTRACY

CBJELTIVES. Oevelop space techniques and instrumentation to
dute:t, identify, and measure pollutant concentrations in the atmos-
phere. Specitically, acquire dato on transport ond diffusion prop-
erthes of the atmosphere and on the effect of pollutants on absorp:
tion and scattering of solar radiation.

BACKGROUND. Influences of the weather and of diurnal and
seasonal effects on largesscale potterns of pollution are not well
known. For example, it is not clear whether temperature is
increasing becouse of the ‘‘greenhouse effect” of €03 poltution or
decreasing because of the addition ef serosol pollution that reflects
solar energy away from the Earth,

AESEARCH DESCRIPTION. Using solar illumination, to scan
{with two correlation spectrometers ard 8 common mirror device)
the amount of SO3 and NO; over predesignated targets and test
8it08. As an independent determination, radiometrically measure
atmosphere-scottered and surface-reflocted radistion ot several wave-
lengths in the UV and visible range. Correlate with grouna and
airboine sansors,

CONSIDERATIONS FOR IMPLEMENTATION

SPACE FACILITY RESOURCES. Scanning duol spectrometer, motne
camera, UV radiometer, ond associated recording and digploy equipment.

CREW. Meteorology and hydrolagy skills, to prepare and operato
equipment, survéy ond select targets, and coordinate with aireraft and
ground sites.

DATA, Magnetic tape, backed up by rh-gographic dogumentotion, Voice
annotation on selected targets observeu visually. Supporting doto dorived
from ground measurements by poiny sumpling and monitoring notworks.
OPERATIONS. Orbit inclination of 60 degrees desired. Bun angle greoter
than 30 degrees. Mission odaptotion to speciol situations desirablo, such as
freguent overflights during high pellutant concentrations.

RESEARCH SEQUENCING. Initial catibrotion over ground truth sites
Daylight how recording anly, during all seasons,

SUPPORTING TECHNOLOGY DEVELGPMENTS. Pollution signoture
analysis technigues. Spectrometer design.

RESIARCH COMMONALITIES. PoMution rescarch in 6-H-1 and 601,

RESEARCH CLUSTER 6-M-6-METEOROLOGICAL STUDIES OF SPEC!AL GEOGRAPHICAL AREAS

ABSTRACT

OBJECTIVES, Provide intensive observational matearological
support for the study of speciol geogrophic areos. Test the hypoth-
esis that a manned space laboratory ean hove o significont role in
correlation of weather dota obtained from space with ground-based
sENsOrs,

BACKGROUND. A remaining problem area in numericel weother
prediction is in defining generol circulation cyeles in the equatoript
regions of the world. Lacking synoptic ebservational data, o combin-
ation of observing systems has been recommended to the Global
Atmospheric Research Project (GARP) for worlkd doto collection.
An extensive test area Is plonned for tropical Atlantic Qcean to
model a compaosite system,

REBEARCH DESCRIPTION. Use multisensor and multispectral
rodiometers and spectrometers to provide high-resolution measure-
ments of otmospheric radiotion originoting at the land-to-ocean
interface. Provide close coordination with ground activities by real-
time visual obssrvations of the GARP target area. Corvelate with
other doto from cloud photography and sferics measuremonts.

CONSIDERATIONS FOR IMPLEMENTATION
SPACE FACILITY RESOURCES. Metric camero, UMF sforics detector,
infrared radiometers ond spectrometers, and appropriote recording and
doto collection and disploy equipment.

CREW. Hydrology and neteorology skills, to chez' aut equipments,
coordinate activities with surface stations, ond rmonitor dato resivs,

DATA., Magnetic tape, Him, ond strip chart display of sensor dota. Datn
collection from ground stations, balloons, radiosondes, buoys, and aircrafy
in target areo,

OPERATIONS. Synchronous equatorial orbit, otherwise up to 30-degreo
Inclination at 100- to 300-nmi oltitude.

RESEARCH SEQUENCING. Adaptive to targets of opportunity in GARP
test areo. Simultancous sensor coverage by cooperating aircroft and surfaco
truth sites.

SUPPORTING TECHNOLOGY DEVELOPMENTS. Tropical cloud system
mathematical model. kmproved sensor resolution.

RESEARCH COMMONALITIES, instrumentation similar to that of 0-M-2
ond 6-0-1, -2, and -3,
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