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December 2, 1963

Dr. Peter C, Badgley

Chairman

MOL Science Studies

National Aeronautics and Space Administration
Washington 25, D, C,

Dear Dr. Badgley:

This document is being submitted in response to NASA queries as to the
interest of The University of Michigan in participating in the scientific
aspects of the Manned Orbiting Laboratory program.

We are pleased indeed to report a widespread interest among our research,
teaching, and administrative staffs in an active participation in the MOL
program. The breadth and depth of this interest is not at all surprising, in
view of the larpe current participation of the University in space and space-
related programs of NASA and other agencies., A view of this current partici-
pation is provided in the issue of our Research News, "Space Research at the
University," included as Appendix A of this document,

A number of experiments proposed for the MOL program by various staff
members and research units of the University are presented in Section IV.
The experiments should be regarded only as representative, and not inclusive
of the full scope of interest within the University, The short time available
for preparation of this document has made it impossible for all interested
individuals and units to contribute at this time as they would wish to. For
the same reason, the level of detail of the various proposed experiments varies
widely and estimates of experiment costs have not been included.

All of us would welcome an opportunity to develop a more detailed, com=-
prehensive, and integrated program,

The discussions and deliberations which have accompanied the preparation
of this document have made it clear to us that a manned earth-orbiting labora-
tory would be of inestimable value to a wide variety of scientific activities
basic to civilian and defense matters of major national significance. We
believe very strongly that the presence of men in the orbiting laboratory will
be necessary to exploit properly its many exciting potentials. BSection II of
this document presents a resume of some of the many considerations which have
brought us to this position.
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Dr. Peter C. Badgley December 2, 1963

Section V of this document presents a brief description of the research
capabilities of The University of Michigan, You are perhaps aware of the
magnitude and scope of our research program, During the last fiscal year, our
research activities sponsored by government, industry, foundations, and the
State of Michigan were funded at approximately $36,000,000, The program
ranges broadly over nearly all disciplines, and covers the spectrum from the
small, highly individualistic project of a single faculty man with one or
two graduate students to large and complex interdisciplinary projects in-
volving large numbers of staff members, extensive field operations, and
major subcontracting., We would like very much to bring this capability to
bear upon the highly promising and exciting Manned Orbiting Laboratory
program.

Please keep us informed of your progress, and call upon us for whatever
assistance the University can provide,

Very truly yours,

Raié%@f55awyer

Yice~-President for ¥esearch




NRO APPROVED FOR
RELEASE 1 JULY 2015

THE UNIVERSITY OF MICHIGAN J Ann Arbor

TABLE OF CONTENTS

Section
Introduction I
The Need for Human Beings on Board General Purpose
Orbiting Experimental Stations II
Abstracts of Experiments I1I
Description of Experiments Iv
Research Capabilities of The University of Michigan v
Biographies VI
Space Research at the University Appendix A%
Experiment 2.3 Classified
Supplement®

*Separate enclosures



NRO APPROVED FOR
RELEASE 1 JULY 2015



NRO APPROVED FOR
RELEASE 1 JULY 2015

THE UNIVERSITY OF MICHIGAN /7 Ann Arbor

I

INTRODUCTION

The concept of a Manned Orbiting Laboratory, presently under con-
sideration by the National Aeronautics and Space Administration, opens
up the possibility of conducting a large number of novel and effective
scientific experiments to provide a greatly increased understanding of
many physical and biological phenomena and to realize practical applica-
tions of this knowledge. Members of the teaching and research faculty
of The University of Michigan have considered the impligations of this
new medium for scientific investigation and have suggested a number of
specific experimental programs which they believe would add signifi-
cantly to the .fund of knowledge in their own scientific disciplines,
Descriptions of these experiments are collected in this document as a
means of providing a broad view of the many possibilities of space
experimentation and as an indication of the substantial interest of the
University's faculty in participating in this new direction of research.

In examining the operational requirements for successfully per-
forming sophisticated types of space experiments, the staff members who
have proposed)the experiments described in this report considered the
requirements for stationing men aboard the space vehicle to conduct the
experiments. Their conclusions concerning the increased capabilities of
manned experiments have been summarized in Section II.

The experiments which have been suggested cover a very broad range

of topics, but do not represent the complete interest of the University's
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staff, Because of the limited time available for review and analysis,

many of the staff could not study the research possibilities in sufficient
depth and therefore chose to consider the matter further, with the intention
of proposing experimental programs at a later date, A summary vigw of the
experiments which have been suggested in time for inclusion in this report
is presented in Section II1, which deseribes the essential nature of each
experiment in the form of an abstract. A detailed description of each of
the experiments is given in Section IV. A number of these experiments, for
example, those on radio astronomy, and studies of the characteristics of the
ionosphere, are direct outgrewths of current University space research pro-
grams of considerable magnitude and duration, and therefore represent direc-
tions for new experimentation in which the University has unusual interest
and capabilities. Other proposed experiments, such as the observation of
environmental constraints on fish behavior,represent decidedly new approaches
to the acquisition of knowledge and can therefere be presented at this time
only in general terms, since they will requive some preliminary experimental
resuits to define thelr areas of usefulness,

The discussion of item 2 , dealing with the subject of comparative
multispectral sensing, is somewhat broader in scope than the other experi-
ments, since it deals with a range of sensing instrumentation which would
be useful for many types of individual investigations, particularly those
which rely on the cbservation of the earth and its atmosphere by means of
photographic, infrared, radar, and passive microwave imaging devices. Thus,
the presentation in multispectral remote sensing proposes system and con-

ceptual aspects as well as scilentific experiments involving the joint
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participation of a large number of departments of the University. A

research program of substantial magnitude which has been conducted at the
University for some years has been devoted to research in remote sensing

of the environment. On the basis of this experience, we are convinced that

a single system of comparative multispectral sensing instrumentation can be
developed which will serve many of the important experiments for the various
earth science disciplines. An operational system for use in such investi-
gations can be achieved after a minimum of preliminary experimentation. In
order to provide such equipment and to coordinate the collection and analysis
of results for a variety of experimenters, a Comparative Multispectral Sensing
Center is proposed in item 2,1,

The projects described in item 7 are not experiments in themselves
but are intended to lead to the establishment of special facilities, in the
areas of data processing and library~like functions, which would furnish
valuable assistance to the experimental staff in the MOL.

A further indication of interest on the part of the University staff in
the Manned Orbiting Laboratory program is provided in Section VI, which con-
tains the biographical summaries of many of the teaching and research staff
who have evidenced an interest in the program. As in the case of the experi-
ments, this list is by no means an exhaustive one.

General information on the broad range of research activities of The
University of Michigan is presented in Section V, Appendix A supplements
this general information with a discussion of the past and present particiw

pation of the University in the various aspects of space research,
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II

THE NEED FOR HUMAN BEINGS ON BOARD
GENERAL PURPOSE ORBITING EXPERIMENTAL STATIONS

Introduction

Serious contemplation of the construction and operation of a Manned
Orbiting Laboratory entails, at the outset, judgmenté regarding two funda-
mental questionst do the benefits likely to be derived from the rapid and
thorough exploitation of the space about the earth warrant the required
commitment of a significant fraction of the nation's resources, human and
other, and does achievement of those benefits require the presence of
human beings on board the orbiting laboratory?

Concerning the first question, the staff of The University of Michigan
believes generally the anticipated benefits to be worth the costs. With
regard to the second question, it is the consensus of the University staff
that the presence of human beings on board the orbiting laboratory is for
some purposes a sine qua non and for many others highly desirable. It is
believed that not all experiments can be performed automatically or by
remote control, that many experiments can be performed more satisfactorily
and more expeditiously by human beings than they can be done automatically
or by remote control, and finally, that for equivalent results the cost of
experimentation in orbit would be much greater when done automatically or
by remote control than when done by humans in an orbiting laboratory., The
arguments leading to these conclusions are sufficiently diverse and general

that it has been deemed useful to assemble them in one place rather than

II-1
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discussing them in the context of specific experiments,

The factors relevant to the need for humans in the orbiting laboratory
appear to fall into groups concerned with the five general subjects: (1)
man as a subject of experiments, (2) the nature of ewperimental activity,
{3) the present state of the art of automatic and remote operations as
compared to direct human participation, (#4) eqnipmeni reliability in an
incompletely specified environment, and {5) comparative costs of human
and automatic éxgerimental systems,

Man ag a Subject of Experimentation

Assuming it has been decided that wan must go into space for reasons
other than experimentation {e.g.,, for military purposes) his responses to
that environment must be learned. This cannot be accomplished without
studying his physicological and psychological behavior over extended pericds
in that snvironment, Little more needs to be sald on this subject., Ths
remainder of the discussion will be concerned with activities not re-
quiring man as a subject of the experimentation.

The Nature of Experimental Activities

There have been many splendid achievements in space to date, using
automatic and/or remote control, TIROS, the communication satellites, a
number of measurement programs of solar and cosmic emanations and influ-
ences, to mention a few, In general these have been engineering triumphs,
in which man has capitalized on what he could predict with confidence and
a capability for putting objects into orbit with reasonable precision,

There are, of course, a number of other essentially engineering programs

ii-2
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which could be handled similarly to advantage. It is in learning more
about the less well understood or discovering the presently unknown
phenomena that it becomes most desirable to use man, with his peculiar
capabilities for using judgment, exercising imagination, and making
decisions, in space,

The course of increase in fundamental knowledge is never predictable
by definition, Experiment nominally progresses from a few predictable
steps to a branch point requiring a decision, based on the results of the
operations up to that point, to proceed along one of two or more possible
paths., Whichever subsequent sequence is selected will involve additional
branch points, not all of which can be anticipated. Hence an experiment
of any complexity will involve unanticipated occurrences requiring changes
in the parameters of the equipment or operation, improvisation on the part
of the investigator, and, on occasion, changes in the basic nature of the
experiment because partial completion reveals some unforeseen goal of far
greater importance than the original objective. Thus experimentation is
a typically human activity resembling other human activities, such as
politics, in that it requires great flexibility in accommodating the
activities of each step to continuously changing circumstances,

Capabilities of Automatic and Remote Controlled Operations as Contrasted
With Direct Human Participation

Automation is currently much discussed and not too well understood.
It is popularly supposed, because of the extent of technological unemploy-

ment and the resultant publicity, that automation is a highly developed

I1-3
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art, The truth of the matter is that people displaced by automatic
machinery were engaged in repetitive tasks that exercised only a minu-
scule portion of their capabilities, In fact, the tasks which can now

be performed by devices are restricted to fairly routine operations. The
most sophisticated automatic machinery, the modern digital computer, can

make some simple types of decisions but only when all the steps in ali the

sequences of operations following the decision are completely specified in

advance., The Ffact that such machinery can perform a great many tasks with
great rapidity tends to obscure the simple nature of the tasks. A theory
of adaptive, self-learning and self-repairing mechanisms is beginning to be
formulated, but has not yet produced any results indicating significantly
greater capability than the large computers, Therefore it is safe to say
that automation has not advanced to the point where it can play a dominant
role in experimental activities,.

Direct participation of humans in experimental activities permits
significantly greater experimental complexity because the man can make
value judgments, employ pattern recognition, change the goals of thse
experiment and improvise based on a lifetime of accumulated experience
and training, These capabilities, as yet unattainable in devices, pernmit
the human to prefine an experiment at each step based on results of prior
steps, select and change subject material (e.g., aim pictorial sensing
devices), edit data for transmission over band-limited data links, and in
fact perform any feasible act raquiring judgment.

In the foregoing it is not apparent that the human could not function

as well remotely connected to the experiment by a data link capable of

I1-4
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transmitting pictorial and numerical data. He cannot. A human being
senses and interprets his immediate environment in a complex fashion, not
too well understood, integrating inputs from his senses of sight, hearing,
smell, taste, tactile sense, kinesthetic sense and possibly others with
his memory. The use of device sensors and a data link to put a human in
contact with his experiment fails to provide for a large portion of the
inputs he would employ were he located at the site of the experiment.
Humans are not normally aware of the diversity of senso;y sources they
customarily employ until deprived of them. As one example: the military
services have on occasion attempted to improve the visual performance of
troops by developing glasses or binoculars of various special types which
give magnification, increased light gathering power, or some other desirable
feature, In all cases to date these devices, although useful in restricted
special situations, have been found to degrade over-all visual performance
when general use was attempted., The reason appears to be that the eye-
brain combination is an extremely flexible combination of a number of dif-
ferent capabilities, The use of binoculars forces a reduction in total
usable viewing angle cutting off peripheral vision. Peripheral vision,
although not having great geometrical resolution does provide high light
sensitivity and even higher sensitivity to moving targets. Thus, for
general application, no matter what improvement in foveal vision is
achieved by devices, net performance is degraded by abandoning use of
foveal and peripheral vision integrated by the brain, A human operating

at the end of a data link is crippled by loss of the peripheral aspects
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of most of his senses, This is borne out by the fact that, in astronomy,
more details of Mars'! surface can be discerned by dirvect observation of a
telescopic image than by observation of photographs of that image. The
image motion compensation of the eye-brain combination appears to be better
than any machine built to date,

Equipment Reliability in a Not Completely Known Envireonment

Until recently equipment reliability was not studied as a recognized
discipline, WNeither failure processes themselves nor the environmental
factors causing them received much attention. That is now beginning to
change but the attainment of reliability is still more of an art than a
science. Prior to Werld War 11 machines and structures were relatively
not very complex and in most cases satisfactory reliability could be
assured by overdesign.

In building equipment to be placed in orbit, weight and power
restrictions limit opportunity to ensure reliability by overdesign., At
the same time cost of equipment fallure is increased manyfold. Attempts
to improve reliability result in building expensive installations simu-
lating the space environment to test equipment to be orbited. Desplite
size and cost these installations give only partial information. There
are two prominent reasons for this: Ffirst,the precise nature of the
space envirenment is unknown and second, earth-bound test facilities
cannot simulate faithfully all the known aspects of the space environ-
ment, Zero gravity cannot be simulated for any length of time, Vacuum

conditions can bs simulated well but not all the way down to spiuce
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pressures. Simulation of thermal radiation exchange can be accomplished
less satisfactorily and that of the high energy particle environment not
at all. As a result many of the equipments lofted into space fail
partially or completely, some for reasons which are later understood and
others for reasons not as yet determined, What is known about failures

in orbit indicates that, for the most part, they represent easily re-
pairable component breakdowns rather than catastrophic failures., That is,
they would be corrected easily if a human being were there to observe the
nature of the failure and take corrective action or to initiate an alter-
native mode of operation to compensate for an uncorrectable failure of
some component, The occasions on which Mercury astronauts took just that
type of action are illustrative. When experimental apparatus more complex
than that carried on the Mercury flights is lofted into orbit, there seems
little doubt that the attendance of humans will be required to correct or
compensate for minor breakdowns, and to describe more adequately the nature
of failures and the environmental factors causing them so that future gen-
erations of apparatus more appropriate to the environment can be designed.

Comparative Costs of Human and Automatic Experimental Systems

In view of the factors discussed thus far, there can be little doubt
that the total cost of obtaining extensive results from orbital experi-
mentation will in the long run be far less with manned systems than with
unmanned systems., A high initial cost is involved to provide a viable
environment for man in the orbiting laboratory. After that, however, man's

flexibility will, over a number of experiments, save much more than the
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cost of placing him in the laboratory. He can repair minor breakdowns

and avold the necessity of lofting & replacement apparatus. He can
deactivate equipment at the first sign of malfunction and minimize the
extent of the damage, increasing the likelihood of successful repair,
is.e., he can act as a very sophisticated protective fuse. When experi-
mental equipment is designed for human operation it can, after its
original function has been served, be adapted to other experimental uses.
Some equipment can, in fact, be designed to function as a component common
to a number of experiments, If the estimate of 51,500 per pound to place
objects in orbit is approximately correct, the re-yge of apparatus and the
employment of multipurpose apparatus could, as time goes on and orbital
experimentation increases, more than compensate for placing humans in
orbit,

Conclusion

ProC .

To support the preceding conclusion, consider a number of surface
activities similar to orbital esperimentation. Experimental work is pre-
sently being carried on in the Antarctic, in atomic energy "hot" labora-
tories and at great depths under the sea. In all these circumstances it
is expensive to provide for the presence of humans. The costs for thase
purposes are not radically different from the costs of maintaining man in
orbit. Nevertheless men are supported in those places because no more
satisfactory way has been found to obtain equivalent information for the
same cost., Therefore it is believed that the desired extensive orbital

experimentation cannot all be accomplished without man in space and even
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though the goals of the experimentation were reduced to those achievable
without man in space, even those restricted goals can be reached faster

and with less cost with man's presence in the orbiting laboratory.
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III

ABSTRACTS OF EXPERIMENTS

In this section, an abstract is given for each of the proposed
experiments or related projects, A more complete description of each
experiment is contained in Section IV.

The individual experiments are grouped into the following categories:

1. Astronomy

2, Comparative Multispectral Sensing
3. Meteorology -~ Aeronomy

4, Geology and Mineralogy

5. Physics

6. Biosciences

7. Special Facilities

III-1
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1. ASTRONOMY

P

l.1. Astyronomical Observations

1.1.1, Reflecting Telescope

A one to two-and-one-half meter reflecting telescope is proposed in
a multi-purpose configuration. This telescope is to be used for direct
photography of planets, stars, clustﬁfs, and galaxies of high-resolution
periods, Photographic and photoelectric planetary, stellar and nebular
spectroscopy can be conducted, both in and beyond the focal plane of the
telescope,

1,1.2., Refractive Telescope

A refracting instrument 18 proposed directed primarily to the study
of transit events in the solar corona asscciated with solar flares, corenal
condensations and long enduring particle streams in space.

1.2, Experiments in Radio Astronomy

An exploratory program in radio astrenoemy is to be conducted using an
extremely flexible, simple radiometer, manually tunable by the observer
from 50 Ke/s to 10 Me/s and capable of operation in several modes so that
various experiments may be performed. The experiments include the following:
Spectrum of excess radio noise from 200 to 600 km. above earth,
Radiation from earth's surface and lower atmosphere.
Radiation originating in ionosphere and exosphere.
Investigation of plasma in vicinity of satellites.

kadiation from extraterrestrial sources,

ITi-2
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2. COMPARATIVE MULTISPECTRAL SENSING

2.1, Comparative Multispectral Sensing Center

Electromagnetic sensing techniques now available are capable of pro-
ducing imagery over a very wide spectral range, including ultraviolet,
visible, infrared and microwave wavelengths, Important applications of
these techniques exist for scientific studies in such fields as geology,
geography, meteorology, oceanography, and atmospheric physics and for
the collection of data useful for such economic activities as agriculture,
fishing, and shipping,

The operation of presently available types of electromagnetic sensing
systems from orbiting platforms will provide a many-fold increase in the
ability to sense the meaningful characteristics of the earth and its
environment, This can best be accomplished by designing an integrated
comparative multispectral sensing system and conducting a preliminary
earth-based experimental program to determine the proper methods of
operating the system and interpreting the results. It is proposed that
a Center be established to coordinate the efforts devoted to designing
equipment, obtaining data, and interpreting results.

2.2, Illustrative Multispectral Sensing System

The multispectral sensing system described in this item is illus-
trative of equipment which could be designed for use in a MOL based on
present knowledge and experience. The system would contain equipment for
obtaining photographic, thermal (infrared), and radar imapery. A passive

microwave imaging system is also a possible component of the system,
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although this type of system has so far been operated only on a trial
scale, Technical requirements of photopraphic and thermal imaging
equipment are discussed in detail.
263 Radar

Radar equipment for use in a MOL is described in the Classified
Supplement to this document.

2o, Measurement of Atmospheric Transmission

This experiment will measure the transmission characteristics of the
earth’'s atmosphere, Signal attenuation by the atmosphere arises primarily
from absorption and scattering. In the infrared spectrum, the primary
cause of attenuation is absorption by water vapor and COs. In the experi-
ment, a spectrometer aboard the MOL is aimed either at the sun or at a
strong, calibrated source of infrared radiation located at a point 80,000
fr. above the earth's surface,

3a METEORGLOGY AND ALRONDMY

3.1 Observation of Cloud Systems and Alr Pollution Processes

3.1,1, Thermal Effects on Cloud Provesses

A coordinated program in which observations are made simultaneously
of cloud systems, from the sarth looking outward and from & satellite
location looking earthward, is expected to appreciably aid the process of
evaluating cloud processes as a result of the seasonal thermal effects in
the regions of large bodies of water such as the Great Lakes. The end
result will contribute to basic knowledge of the rain-producing processes

and will bear upon the question of weather control.

11t
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3.1,2. Effects of Air Pollution

Measurements of the radiation characteristics of a cloud-free atmos-
phere will be useful in evaluating the effects of air pollution; for example,
to determine how the urban plumes of air pollution from Milwaukee and Chicago
are affected as they traverse lower Michigan.

3.2, Study of Earth's Heat Balance

The primary objective of the proposed experiment is to cbtain data,
not available by other means, which will make possible accurate compu-
tations of the earth's heat balance. The spectral radiance of typical
meteorological targets will be measured as a function of viewing angle
and angle of incidence. Measurements will be made by means of an inter-
ference spectrometer with two spectral bands, 0.3—3.9,1, and 3'0'30‘9f"
The resulting data are to be used to establish a functional relationship
between radiation measurements as taken by the TIROS or NIMBUS satellites
and total hemispherical radiation.

3.3 Auroral Photography

Auroral displays are to be recorded by means of high resolution color
photography. These are to be supplemented by time and geographic identifi-
cation and a verbal description of the phenomena., Photography of auroras
from above offers the possibility of obtaining pictures of some displays
in their entirety and should thus permit synthesis of an over-all view,

3.4 Plasma and Sheath Studies

A series of experiments is proposed to investigate the characteristics

of the sheath (especially the wake) which surrounds a body moving in a
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plasma such 55 the jonosphere. These experiments will contribute to an
increased knowledge of plasma physics in general and will have value for
many technical applications., Three types of experiments arve of interest:

3.4,1. Sheath Probing

The sheath surrounding a variety of geometrically simple bodies and
around the MOL vehicle itself can be mapped point by point using movable
probes to measure local electron and ion density and energy distribution,
An exhaustive theoretical study should be carried cut in conjunction with
this expepriment,

Jek,2, EDlectromagnetic Wave Propagation in the Plasma

Further information on plasma propertiss and the importance of
collisions may be obtained through wave propagation experiments in the
ionosphere, Such experiments should study the propagation of artificial
noise.through the plasma and examine the received signal spectrum at
miltiple points remote from the MOL.

J.u,3 Blectron and Ion Beam Interactions

This experiment consists of introducing modulated electron and ion
beams into the plasma. The modulation frequencles are to be varied from
below to sbove the plasma characteristic frequencies. Information can be
obtained In this manner on the mapgnitude of enerpy exchange between charges
and fields,

3.5, Mass Spectrometer Lxperiments

A quadrapole mass spectrometer {massenfilter) would be used to

meastre neutral particle and positive ion composition of the ionosphere,
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These experiments would result in a more realistic model of the atmos-
phere, clarify the effects of ambient thermodynamic and ionic non-

equilibrium, and determine the nature and effects of the plasma sheath
surrounding the MOL, The increased knowledge of the mass spectrometer
characteristics would contribute to its usefulness in subsequent plan-

etary studies.

4, GEOLOGY AND MINERALOGY

4,1, Collection of Micrometeoritic Material

A suitable apparatus 1s to be attached to the exterior of the MOL
to collect micrometeorites and space dust for detailed mineralogical and
chemical studies. It would also be desirable to obtain comparisons be-
tween impact densities and collection densities, Types of material ex-
pected include both magnetic and non-magnetic particles, probably ranging
from appreciably smaller than one micron up to perhaps 0.5 mm.

4,2 X-Ray Analysis of Members of the Solar System

This proposal is concerned with determining chemical compositions
of objects in the solar system. The basic principle involved is that
radiation from the sun will cause the secondary emission of characteristic
x-rays from objects so irradiated. By analyzing the wavelength and in-
tensity of these secondary x-rays, information relating to the chemical
composition of the object can be obtained.

4.3 Tectonic¢ Inteéerpretations

It is suggested that high-level high~resolution photographs in both
visible and infrared spectra be obtained of continental areas so that

tectonic interpretations can be made.
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5, PHYSICS

Gele Experiments in Liguid Transporit Phenomena

5,1,1, Performance of Boiling Systems

The performance of thermal equipment in zero-gravity environments
will be significantly influenced by the configuration and disposition of
vapor relative to the heating surface in such systems. A zero~gravity
boiling heat transfer experiment is proposed in which quantitative
measurements can be made of heat flux, surfdce temperatures and liquide
vapor configuration,

5,1.2, Licuid-Vapor Configurations and Convection Patterns

The objective of this experiment is to obtain information concern=-
ing the positioning of liquid and vapor in clesed containers at low
gravity and subjected to unsteady solar heat flux, A knowledge of this |
and the heat and mass transport phenomena across the liquid-gas inter- ‘
face #ill permit the reliable design of vent systems giving optimum (i.e,,
minimum) propellant loss,

S. BIOSCIENCES

ON—N

6.l Physiclogical Lffects of Weightlessness

£,1.1. Changes in Vestibular Nerve Activity at Prolonped Zerc g

The proposed experiment is to determine if zero g effect upon the
otolithic apparatus of the inner ear is the cause of g-sickness. Corre-
lation of vestibular nerve activity with behavior is to provide basic
information., The experiment is to be carried out by implanting elec-
trodes in the ganglionic portion of the vestibular nerve in a cat,

squirrel monkey, or macaque monkey.
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6.1.2 Vestibulometry at Fractional g Loads

This experiment is to study the interdependency between two portions
of the inner ear sensor mechanism, the semi-circular canal system and the
otolithic system. The experiment is to be carried out by cold air actuated
nystagmus (involuntary oscillation of the eyeballs) recorded by electro-
nystagmography at incremental g loads.

6.1.3., Effacts of Prolonged Zero g on Bone Architecture and Calcium
Metabolism

The effect of prolonged zero g on bone and calcium metabolism is to
be studied. It is sugpested that loss of calcium will weaken the bone
structure, The experimental subjects are to be humans and macaque monkeys,
Periodic chemical analyses are to be made.

6.1.4 The Effect of Zero g on Musculoskeletal System Growth

This would be a morphologic study using newborn Kangaroo rats,

6.1.5 Determination of Cause of Post-Zero g Hypotension

Maintenance of peripheral vascular tonus by rotating pressure cuffs
on proximal portions of limbs, with alternation of subjects between 0 and
1 g modules, Pituitary hormonal studies should be included,

6.1.6, Electromylographic Studies of Weight-Bearing Muscle During
Prolonged Zero g

6,1,7. Muscle Metabolism Studies During Prolonged Zero g

These studies will include electrical studies and creatine deter-

minations.
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6.2 Manual Performance Prediction Methods for Space Laboratory

In order to schedule activity properly and to design future space
stations in the most effective manner, it is important to be able to pre~
dict the time and learning curves for those manual operations which will
have to be performed in space, Tests to measure basic motor ability,
basic decision ability, and intelligence will be conducted in both simu-
lated and actual space environments.

6,3 Environmental Constraints on Fish Behavior Patterns

if reflection and radiation characteristics of large bodies of water
can be measured successfully with satellit