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Dr. Pickering is Director of the Jet Propulsion Laboratory, Cali-
fornia Iustitute of Technology. He receivedhis B. S. degree in electri-
cal engineering, his M.S. degree, and his Ph. D. degree in physics
from California Institute of Technology. He joined the faculty of the
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professor in electrical engineering. Dr. Pickering was appointed to
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Progress in Unmanned Space Exploration

Some of the recent unmanned space flights are illustrated in the follow-
ing figures:

(Figure 1) This photograph of the Pacific Ocean was taken by satellite
about 22, 000 miles above the Earth. Almost half of the Earth's surface can
be seen. In the upper right hand corner, at about two o'clock, a large por-
tion of California shows. The photograph is an example of how well wide
band data may be transmitted over considerable distances from a satellite
accurately placed on a predicted orbit.

Figure 1. Pacific Ocean from Applications Technology Satellite.

(Figure 2) The use of spacecraft for meteorological observations pre-
sents some interesting possibilities for new methods of weather analysis and
forecasting. This picture shows some of the satellites which are under con-
sideration for such applications. The Nimbus series of spacecraft will
carry both visual and infra-red instrumentation, for cloud cover and tem-
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perature observations of the atmosphere. With these meteorological satel-
lites, it will be possible to gather detailed information of the atmosphere and
weather processes over large areas of the Earth.

FUTURE METEOROLOGICAL MILESTONES

b ECCENTRIC
- ORBIT
" NIMBUS A wuEEL TIROS

AUTOMATIC PICTURE TRANSMISSION
(APT)

Z v

HIGHLY ECCENTRIC » i . OPERATIONAL
ORBIT - NIMBUS B _ TIROS

Figure 2. Future Meteorological Satellite.

(Figure 3) At the present time a Lunar Orbiter, is enroute to the Moon.
The spacecraft will be flown on a precise path to the Moon and will then be
placed in a precise orbit around the Mcon. Orbiter III appears to be on a
very good trajectory and at just about this time a mid-course maneuver is
being conducted to adjust the trajectory slightly. The velocity change in the
mid-course maneuver is only five meters per second. Once the spacecraft
arrives at the Moon and is placed in orbit, the spacecraft will be under such
precise control that the on-board cameras can be directed at specific lunar
targets and, indeed, during the course of the mission, these targets can be
changed and others selected.
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Figure 3. Lunar Orbiter Photograph of a Region Near the Moon's
South Pole.
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(Figure 4) This outstanding photograph of the crater of Copernicus was
a target of opportunity selected during the first Orbiter mission. It was
taken because of the general scientific interest in getting an oblique view of
the well-known lunar crater. The small range of mountains in the center of
the picture is essentially the central peak of the crater. The walls of the
crater are in the background, and in the immediate foreground. Copernicus
is about 50 miles in diameter.

R

Figure 4. Crater Copernicus from Lunar Orbiter,
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(Figure 5) In this remarkable photograph of the Earth, taken by Lunar
Orbiter the Moon is in the foreground.

- i
Figure 5. Earth from Lunar Orbiter.

(Figure 6) Another example of an unmanned spacecraft is the soft-
landing Surveyor. This photograph shows Surveyor on the beach at Malibu,
much the same as it looks on the Moon. The ability to land this device
gently on the lunar surface as it arrives in the vicinity of the Moon at the
speed of about 6,000 miles per hour, demonstrates the ingenuity of design
of a spacecraft having a complex internal "intelligence." Surveyor carried
a camera which was commanded from Earth so that photographs could be
taken at will.
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The sufveyor Spacecraft.

Figure 6.
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(Figure 7) Taken by Surveyor looking out towards the lunar horizon,
this photograph shows a small crater, a rocket in the immediate foreground
which is about a foot in dimension, and a pile of rocks in the distance, some
of which are as much as five and six feet across. Because of the small ra-
dius of curvature of the Moon, the distance to the horizon is about a mile.

Figure 7. The Lunar Surface as seen from Surveyor I.
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(Figure 8) This close-up view of the Surveyor footpad shows how it
settled on the lunar surface after landing at a speed of about six miles per
hour. Only a very slight depression was caused by the impact. The dimen-
sion of this footpad is about ten inches in diameter. The lunar surface in
this particular area looks very much like Earth soil, freshly dug.
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Figure 8. Surveyor I Photograph of Lunar Soil beside One of the

Landing Feet.
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The next order of coinplexity, in the 1966-69 period, is a survivable
lander, where retro propulsion and terminal control become the important
technological problems to be solved and this is represented by the Surveyor.

Moving or into the future, or the 1971 period, there are such possibili-
ties as non-survivable probes landing on one of the planets. These introduce
a new set of technological problems associated with sterilization. It is
necessary that any spacecraft or instrument which may be landed on ancther
planet be completely sterile if the question as to whether or not life exists on
another planet is to be determined. The problem of sterilization of complex
electronic devices is a vital part of this program. Relay communications are

required in sending a probe to the surface of another planet since the data’

transmission capability of the probe is relatively small and a relay through
the spacecraft in the vicinity will be necessary. In the 1973 time frame, a
survivable operating lander on the surface of the planet Mars involves the
problems of soft-landing on the surface, as well as an understanding of sur-
face and atmospheric conditions. If a particular landing site is to be chosen,
it becomes necessary to add terminal guidance. Finally, in the 1577 period,
a landed automated biological laboratory on Mars is planned to make the
search for life. A series of instruments will carry out the search and will
operate on the surface over a long period of time. A radio-active power
system will probably be required tc operate on the surface of Mars. During
this period, from the 1960's through the 1970's, there will be a continual
growth in the capability of unmanned spacecraft. By the end of the 1970's
another item, which is not listed here, may be included, namely, mobility
on the surface of Mars, particularly if the automated biological laboratory
is landed in an area which is considered to be hostile to life forms.

(Figure 10) For the sake of comparison, shown in/this chart is a series

FLIGHT PROJECT-@ACECRLFT COMPARISON

-

INJECTED RETRO- ELECTRONIC

WEIGHT, PGO’U\SDON, PIECE PART
L8S T COUNT

LAUNCH
VEMICLE

MARINER- = ATLAS . L4 0 & - 15,000
VENUS 3 AGENA

MAR |NER- RArias ; 0 35, 000
MARS AGENA

RANGER ' ATLAS 12, 80¢
& AGENA,

SURVEYDR LANDER ATLAS
" CENTAUR

VOYAGER ORBITER
g .fNDi'
.

Figure 10, JPL Spacecraft Comparisions.
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of spacecraft which have successfully performed their missions -- with the
exception of the future Voyager. Mariner II, flown in 1962; Mariner IV, in
1964: the Ranger and Surveyor, in 1965 and 1966; and the Voyager which
will be flown in 1873. The injected weight leaving the Earth grows steadily
up to the Voyager capability which uses a Saturn V launch vehicle. A meas-
ure of the complexity of the spacecraft is indicated in the electronic piece
part count.

(Figure 11) The series of spacecraft developed for planetary research
is illustrated in this photograph. Mariner II flew by Venus in December
1962; Mariner IV flew by in July 1965, and is still operating very nicely. Of
course, it is now in orbit around the sun. About a year ago, it was approxi-
mately in line with the sun on the far side, and now is coming back toward
the Earth where this summer it will be at a distance of about 30, 000, 000
miles. Mariner-Venus will be launched towards the planet Venus in June of
this year. It is in fact regarded as being a flight spare of the Mariner IV to
Mars. It was modified to travel towards the sun for Venus instead of away
from the sun for Mars and some of the instrumentation was also modified.
Mariner Mars in 1969 will perform a more complex mission than Mariner
IV. In particular, it will observe the planet more closely as it flies by.

y -
MARINER 11 MARINER IV “

MARINER VENUS 1967 MARINER MARS 1969

Figure 11, Mariner Family of Spacecraft.



Dr William H. Pickering

(Figure 12) This photograph shows Mars as seen through an Earth-
based telescope. It is obvious that a telescopic view of Mars gives little in-
formation of a planet comparable in size to Earth. A polar cap may be seen
as well as a dark region. Astronomers have been intrigued for many years
by the seasonal changes which appear on the planet, particularly since Mars
has a rotation period almost the same as that of the Earth and the inclination
of its axis to the plane of the ecliptic is also about the same as that of the
Earth. The seasons on Mars are comparable to those on Earth, except that
they are longer, since the year on Mars is about two Earth years. With the
change in appearance of the polar caps and the emergence of dark areas,
vegetation is suggested and possibly water vapor or carbon dioxide to form
the polar cap. For many years astronomers have reported seeing canals in
straight line patterns across the surface of Mars. However, canals, as
such, have never been clearly photographed on Mars.

Figure 12. Mars Photo from Earth Telescope.
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(Figure 13) Mariner IV returned this photograph of Mars representing
an area about 150 miles on the side. The series of photographs taken by
Mariner showed that the surface is pockmarked with craters resembling
very much the surface of the Moon. It is clear that the surface of the planet
has been bombarded by large meteorites and has not changed very much
during the course of evolution. Very little erosion has taken place and very
little mountain building. A lack of erosion implies a lack of water. A lack
of mountain building implies a lack of earthquakes or tectonic processes.
Mariner also measured the atmosphere of Mars which proved to be thin in-
deed. A thin atmosphere, relatively low temperatures, and no free water,
does not prove encouraging for life, but from this evidence it cannot be con-
cluded that there is no life on Mars. Life on Earth can adapt itself to an
amazing variety of environmentai conditions and to determine whether or not
there is life on Mars will require an on-the-surface search.

10 26-2% &2

Figure 13, Mars Photo from #11 (Mariner IV).
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(Figure 15) This photograph illustrates the growth of the scan platform.
On the right hand is the TV system used in Mariner IV showing the complete
scan platform. On the left is a mock-up of the scan platform for the '69
mission. With the additional size of the imaging instrumentation, much
better photographs of the planet should be obtained.

Figure 15, Mariner'69 Scan Platform (left) with Mariner'64 Scan
Platform (right),

(Figure 16) This chart shows a series of scientific investigations which
will be carried on the '69 flight. The S-band occultation listed is another
measurement of the atmosphere on the planet. By flying behind the planet
and sending radio signals through the atmosphere and observing the behavior
of these radio signals, the atmospheric density at the surface of the planet
may be determined.
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Figure 17. Voyager Concept.

(Figure 18) This chart estimates the kinds of instrumentation which
might be landed on the Martian surface. In addition, there will be instru-
ments on the orbiting device for observation and mapping of the planet, and
instruments on the capsule to measure environmental conditions on descent
through the atmosphere. While these suggestions are for study purposes
only, the art of instrumentation is developing rapidly and instruments have
been built which can survive the journey to Mars and transmit data back to
Earth while still retaining their relatively small size. The GC listed is a
gas chromatograph which will be allowed ten pounds of weight in 1973. The
GC/MS is a gas chromatograph-mass spectrometer which will be used later.
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(Figure 19) To illustrate some of the instrumentation being developed,
this is a picture of the Gulliver, which may be used in the search for life.
Gulliver is a device which ejects a sticky paper which traps bacteria and
small forms of life, pulls them in, puts them in a nuirient solution, marks
the nutrient solution with radio-active carbon, and determines whether or
not any carbon dioxide is developed by metaboiic processes.

Figure 19. Gulliver Experiment,

(Figure 20) Here is Gulliver in Death Valley where it found life. Two
Gullivers are under those conical hats, and the adhesive can be seen already
ejected.
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Figure 20. Gulliver in Death Valley.

(Figure 21) Gulliver also found life on White Mountain at 13, 000 feet.
Incidentally, the first test of Gulliver was carried out in a parking lot in
Washington, D.C. in the middle of winter and life was fouad in Washington.
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Figure 21, Gulliver on White Mountain.

(Figure 22) Another instrument in the search for life is called "wolf
trap, " named after Dr. Wolf Vishniac who conceived the idea. In this ex-
periment, the soil is innoculated into a transparent nutrient solution. A
light shines through the clear solution which becomes opaque indicating that
bacteria are growing.
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Figure 22. Wolf Trap.

(Figure 23) An example of another biological type instrument developed
at JPL is the automated urinalysis instrument designed for biosatellite
flights. It is a miniaturized device fcr performing clinical analysis of a
primate's urine to test for three different substances at six hour intervals.
The novel aspect of this instrument is the microanalysis, in that the test
cell requires only one drop of fluid for complete analysis and is still as sen-
sitive as the best clinicalresults. It is envisioned that this might have wider
application in the automated hospitals of the future.
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Figure 23. Urinalysis Experiment.

These examples of instrumented spacecraft illustrate some of the capa-
bilities which exist today. It is clear that data can be sent to Earth over
great distances and that data, from a variely of instruments, can be proc-
- essed and sorted be’ore transmission. In the future, on-board computers
will make preliminary analyses of the data and will then select certain in-
formation for priority transmission. For example, during a solar storm,
the radiation measuring instruments will be adjusted to collect data without
saturation and store these data for transmission to Earth on command.
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Dr. Berry is Director of Medical Research and Operations,
NASA Manned Spacecraft Center, Houston Texas. He received an
M. D. degree from the University of California Medical School, San
Francisco, andan M. P. H. degree (Cum Laude), from Harvard School
of Public Health. He servedinthe U.S. Air Force from 1951 to 1963.
He has been the recipient of many honors and awards for his out-
standing scientific contributions to space medicine, medical support
of manned space flight, and advancement of astronautics through medi-
cal research, including the NASA Exceptional Service Medal which
was presentec by President Johnson. He has authored more than 40
aerospace medical papersand is a member of numerous professional
and honorary societies.
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atmosphere, changing cabin pressure (launch and reentry), varying cabin
and suit temperature, acceleration g-force, weightlessness, vibration, de-
hydration, flight-plan performance, sleep need, alertness need, changing
illumination, and diminished food intake. Some of the stresses can be si-
mulated in ground-based studies but the actual flight situation has never
been duplicated, and more data from additional flight programs is necessary
before flight observations can be applied to the ground situation.

It is necessary to have the capability to monitor the physiologic state of
man during flight activities. A great deal of consideration has been givento
the definition of a set of physiologic indices which might be easily obtained
in the flight situation and which could be meaningfully monitored. Routine
parameters have included measurements of voice, two leads of the electro-
cardiogram, respiration, body temperature, and blood pressure. Other
functions have been added for the experiments program, but were not moni-
tored in real time. The sensor harness may be seen in figurel Monitoring
of man's physiologic state inflight is necessary to provide information for
real-time decision making concerning the accomplishment of additional

Figure 1. Gemini Biosensor Harness.
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Pre-Gemini Medical Predictions vs. Gemini Flight Results

Skin

In spite of the moisture attendant to space-suit operations, the skin of
flight crew members has remained in remarkably good condition through
flights up to 14 days induration. Follo.ing the 8-day flight, there was some
drying of the skin noted during the immediate postflight period, but this was
easily treated with lotion. There have been no infections, and there has
been minimal reaction around the sensor sites. Dandruff has been an occa-
sional problem but has been easily controlled with preflight and postflight
medication.

Central Ngrvous SEtem

The best indication of central nervous system function has been the ex-
cellent performance of the crew on each of the missions. This can be gra-
phically illustrated by such demanding performance as that during the aborted
launch of Gemini VI-A; the rendezvous and the thruster problem on Gemini
VIII; the extravehicular activity on Gemini IV, IX-A, X, XI, and XII; and
the many accurate spacecraft landings and recoveries. Psychological tests
have not been conducted as distinct entities unrelated to the inflight tasks.
Instead, evaluation of total human performance has been relied on as an in-
dication of adequate central nervous system function. There has been no
evidence, either during flight or postflight, of any psychological abnormali-
ties.

The electroencephalogram (fig. 3) was utilized to evaluate sleep during
the 14-day mission. A total of 54 hours and 43 minutes of interpretable data
was obtained. Variations in the depth of sleep from stage 1to the deep sleep
of stage 4 were noted in flight as in the ground-based data.

Figure 3. Electroencephalogram Equipment.
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alteration. There Lave been 1o specific difficulties or symptomatology in-
volving the respiratory systein; however, some rather high respiratory
rates have been noted during heavy workloads in the extravehicular activity.
Even when these rates have exceeded 40 breaths per minute, they have not
been accompanied by symptomatology.

Cardiovascular System

This was the first of the major body systems to show physiologic
change following flight. As a result it has been extensively investigated by
a number of means (fig. 4). As previously reported, the peak heart rates
have been observed at launch and at reentry (table IV); the rates normally
reached higher levels during the reentry period. The midportions of all the
missions have been characterized by more stable heart rates at lower levels
with adeq :ate response to physical demands.

NASA S-60. 11942

GEMINI CARDIOVASCULAR
EVALUATION TECHNIQUES

Figure 4. Gemini Cardiovascular Evaluation Technique.
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Advanced Aspects of Pressure Suit Developments

Major Jefferson C. Davis

Major Davis received his M.D. degree from the University of
Missouri School of Medicine and completed his internship at Bellevue
Hospital in New York. His M.P.H. degree was earned at the Uni-
versity of Califorria. Berkeley. He entered the U.S. Air Force in
1958. He has served =s Chief of Aerospace Medicine at Ellsworth
AFB, South Dakota, and instructor in flight medicine ai the USAF
School of Aerospace Medicine, Brooks AFB, Texas. Major Davis
is presently assigned to the Aeromedical Indoctrination Branch, USAF
School of Aerospace Medicine. He is the medical officer for the USAF
Compression Training Program. In this capacity he is responsible
for training flight surgeons and others in the recognition and com-
pression therapy of altitude decompression sickness. He is certified
by the American Board of Preventive Medicine in Aerospace Medicine.
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Figure 1
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Advanced Aspects of Pressure Suit Developments

standard partial pressure suit rubber dam neck seal. Breathing pressure
is supplied to the helmet, equal to that provided the skin by expansion of the
tubes, by a helmet mounted mini-regulator, pre-set to follow the measured
suit pressure curve as its bellows expands also according to Boyle's Law.
The helmet may be either a soft, inflatable configuration (fig. 6) or a
standard partial pressure suit hardhat for buffeting protection (fig. 7).

Figure 7















A Study of High Altitude Decompression”

Mr Alfred G. Koestler

Mr. Koestler received his B. A. degree from Baylor University,
Waco, Texas, in 1960. As a National Defense and Education Act
Fellow he continued graduate study in experimental and physiological
psychology under Dr. W. D. Thompson at Baylor University. He has
completed all requirements towardsa Ph. D. and is presently working
on his dissertation. He joined the staff of the 6571 Aeromedical
Research Laboratory at Holloman AFB, New Mexico, in 1964, where
he is now heading the Altered Atmospheric Pressures Laboratory in
the Comparative Psychology Division. He has devoted a major part
of his research efforts towards the study of behavioral responses of
chimpanzees to unusual environments, particularly near vacuum or
hyperbaric environments. He is the author or co-author of seven
articles dealing with primate behavioral research.

* This research wasaccomplished bya joint effort oi the Medical Directo-
rate, NASA Manned Spacecraft Center, Houston, Texas, and the 6571st Aero-
medical Research Laboratory, Holloman AFB, New Mexico under NASA
projects 7210 and 9909.

Complete results of this research may be found in NASA CR-329,
November 1965, and Aeromedical Research Laboratory technical report
(ARL-TR) 67-2 of January 1967.
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A Study of High Altitude Decompression

Figure 2. Decompression Subject Restrained in Performance Couch.

PERFORMANCE SCHEDULE

A standard 22 minute performance module was used on all decompression
experiments.

The first twelve minutes of the performance module constituted the a-
voidance phase, i.e., the subject performead t2<%s in order to avoid delivery
of amild electric shock. This phase consisted of a continuous motor task and
superimposed reaction time tasks. The continuous avoidance task (CA)
coveredthe entire periodand required the subject to depress a lever at least
once every 5 seconds in order to avoid shock. The following dependent vari-
ables were considered: average lever presses per minute and an efficiency
measure based on the ratio of the number of shocks avoided vs. the total
possible number of shocks (144) the subject could receive.

Concurrent with the continuous avoidance task the subject was conditioned
to respond to three reaction time tasks: auditory monitoring (AM), visual
monitoring (VM), anddiscrete avoidance (DA). Auditory monitoring required
the subject to press a push button within one second of the onset of a 60 db,
1,000 hertz tone. Reaction time tasks to visual cues required the subject to
either depress a lever as in DA or push a response plate (VM) within one
second of the onset of the respective visual stimuli. These discrete events
occurredeitheralone or in conjunction with another discrete stimulus. For
instance, whilea VM stimulus occurred paired with an AM or a DA cue, the
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subject was also attending to the continuous avoidance task. The measured
parametersof all discrete events, 77 in all, consisted of response latencies
determined in tenths of seconds and of an efficiency percentage measure
derived from the ratio of number of correct responses vs. the total number
of presentations.

The last ten minutes of the performance module was an "oddity" task
which was designedto evaluate discrimination efficiency and choice response
latency. This program required the subject to select the "odd" symbol of
three presented geometric symbols by pressing the corresponding response
plate. The procedure was corrective (wrong choices were repeated). Suc-
cessful choices were reinforced (rewarded) by the avoidance of electric shock
and an opportunity to select either food or water. Fcllowing the oddity task
a rest period of 13 minutes was provided before a new performance module
was cycled.

PROCEDURE

Each decompression subject underwent intensive training on all tasks of
the performance schedule. Training was initiatedin a restraint chair (fig. 3)
and was continued ina restraint couchtoacquaint each subject with a reclining
body position, a restraint suit, and the new location of the performance panel

(fig. 2).

Figure 3. Decompression Subject Undergcing Behavioral Training.
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Nonpathologic Hypercapnia in Man

n!

Captain Hayden V. Glatte

Captain Glatte received his M. D. degree from Northwestern
University in 1961. After internship at the Virginia Mason Hospital
in Seattle, he completedresidency training in internal medicine at the
University of Washington in 1964. Following a one year fellowship
in endocrinology, he entered the Air Force in July of 1965 and was
assigned to the USAF School of Aeruspace Medicine. Publications
include studies pertaining to rena! hemodynamics and urinary con-
centrating mechanisms and work rel.‘ed to carbon dioxide tolerance.



NONPATHOLOGIC HYPERCAPNIA IN MAN

Captain H. Glatte, USAF, MC, B. O. Hartman, Ph. D.
and B. E. Welch, Ph. D.

Inrecent years it has become increasingly important to gain knowledge
concerning man's ability to perform adequately when exposed to different
levels of carbon dioxide, particularly on a chronic basis. The requirement
for this knowledge was generated first by the nuclear submarine, followed
closely by the development of vehicles for prolonged space flight. Due to
the relatively small free air volume in the latter, the possibility of carbon
dioxide buildup, for various reasons, isarealone. While one might assume
that the study of man's response to hypercapneic environments has been
exhausted by numerous investigators, a detailed review of the literature
reveals varv few chronic experiments. In many of the chronic studies that
have been done, complicating factors of abnormally low or high oxygen
tensions, high temperature and high relative humidity contribute to a lack
of clear delineation of carbon dioxide effects per se. With these thoughts
in mind, we will briefly review the expected physiologic changes in high
ambient carbon dioxide levels, including those pertinent manned experiments
inorder to give a background of the overall knowledge pertaining to normal
man and carbon dioxide tolerance. Finally, we will present data obtained
on this question at the USAF School of Aerospace Medicine in the past two
years.

Figure 1 reviews some of the more basic aspects of carbon dioxide
metabolism. Carbondioxide iscontinuously formed incells where it follows
diffusion gradients into the blood stream and is carried to the lungs where
it diffuses into the alveoli of the lung and is removed. In the steady state,
it becomes apparent that the CO2 eliminated by alveolar ventilation must
equa! the CO2 produced by metabolism.

1. Carbon Dioxide (COZ) Formed in Cells Continuously
From Carbon Containing Foods.

£

2. CO, in Cells —Riffusiony pjooq LAffusiony 1,ngs

3. Normal CO2 Tension Maintained if:

Production of COZ = Removal of CO2

Figure 1. Carbon Dioxide Formation and Removal.
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The space simulator that was utilized in the carbon dioxide study is
pictured in figure 8. Its double-walled configuration assures any leaks to
be outward so that a stable atmosphere can be maintained. Complete testing
and exercise facilities including the psychomotor apparatus were inside the
chamber.

AP SCHOOL O AvATION WD
FOUR -MAN INTERNAL ENVIRONMENTAL SIMULATOR

Figure 8. Four-Man Space Simulator,

The atmospheric conditions for both studies were as shown in Table II
with a total pressure of 700 mm. Hg in the 3% CO2 and 748 mm. Hg in the
4% CO2 study. Temperature and relative humidity re mained constant and
normal. CO2 in the control and recovery phases of the study was held at
less than 0. 5%.

SUMMARY OF ENVIRONMENTAL CONDITIONS

3 (:02 4% co,
’ Total Pressure 700+ 1 748+ 2

- J mm m -
Alveolar Poz 1B+ 5 105+ 5

mm Hg -

Table II. Total Pressure and Alveolar Oxygen Tension During
Chronic Hypercapnia Studies.
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inboth experiments. This was concidered a moderate exercise stimulus as
the pulse responses varied from 120 to 140 beats/min. in the control periods.
Along with the cardiac rate, minute ventilation and psychomotor performance
was also followed. The psychomotor performance included tests of vigilance
and reaction time.

All subjects tolerated the one-hour exercise in 3% CO2 verywell. During
the COg exposure, a marked increase was noted in rate and depth of breathing,
but otherwise no difficulties were encountered. Originally, a 20-minute
exercise program was planned for 4% CO2, but it became apparent during
preliminary studies that the subjects could not accomplish this. The exercise
period was then reduced to 10 minutes and this was completed only with
difficulty.

Figure 9 illustrates the pulmonary ventilation in the resting state and

EXERCISE STUDIES
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Figure 9. Ventilation Studies During Exercise.

during exercise. The exercise data points were collected at the end of the
one-hour exercise period in 3% CO2 and the 10-minute exercise periodin

4% COz2.

Note during the resting period on the ergometer in the 3% CO2 that only
a mild increase is seen in ventilation when compared to the control state.
A marked change is noted in the 4% CO2. As expected, very high pulmonary
ventilatory rates are achieved during the CO2 exercise. The main points
of interest in these studies are the large differences in tolerating exercise
while breathing 3% and 4% CO2. Few problems were noted during exercise
in the 3% CO2 for one hour while an exercise period of only 10 minutes
duration in 4% CO2 was extremely difficult for the subjects.




Captain Hayden V. Glatte

As discussed earlier, simple psychomotor tasks mainly relating to
reaction time and memory were done during exercise. No differences were
found between control measurements and those done in the carbon dioxide
atmosphere.

A detailed statistical analysis of all psychomotor data was done in-
cluding the tests conducted three times daily. This also included the repeti-
tive psychological measurements including letter cancelling and geom=tric
tracing. Carefulanalysis of this data failed to show any performance change
in carbon dioxide. Of particular interest was the continuing normal re-
sponses seen in the letter cancelling tests at both 3% and 4% CO2. This
certainly conflicts with the earlier reported German experience.

Of major interest in our series of experiments were the acid-base
measurements that were made daily. Utilizing ultra-micro techniques and
improved methodology we were able to study this aspect of normal man's
physiologic adaptation quite closely.

The acid-base variables measured in both studies were similar and
differed only in degree with respect ‘o the COg environment.

Figure 10 portrays pertinent acid-base changes seen at the 3% CO2
level. The control data brackets the stippled area which represents the
time in carbon dioxide. There is a prompt rise of 3-4 mm. Hg of the
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Figure 10. Pertinent Acid-Base Studies in 3% Carbon Dioxide.
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arterial PCOgy and this remains elevated. Note the abrupt reduction in the
arterial pH from control values of 7. 40 to 7. 37 during the first day of CO2.
Initially the small rise in serum bicarbonate was inadequate to buffer the
acute hypercapnia. By the fourth to fifth day of the study, the mild respira-
tory acidosis had been almost completely compensated by an inciease in the
serum bicarbonate.

At 4% CO2 the acid-base changes are quite similar except in degree
(figure 11). Again, we see a prompt but more marked rise in the arterial
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Figure 11, Pertinent Acid-Base Studies in 4% Carbon Dioxide.

P(;ozl from approximately 38 mm. Hg up to 48 mra. Hg. This excessive
acid load has depressed the arterial pH from 7. 41 down to 7.36, a change
of 5 units as opposed to 3 units in the 3% studies. Note that this is inade-
quately buffered by the acute 1. 5 mEq. /1. rise in the bicarbonate illustrating
the inadequate amount of buffer immediately available. By the fourth day in
CO2 the buffering capacity has been increased to the extent that arterial pH
has again returned to near normal control values and is in a new chronic
steady state. The elevated bicarbonate was achieved with the increased
reabsorption by the kidney.

From the foregoing, it is apparent that 3% and 4% carbon dioxide is a
relatively mild challenge to sedentary man's adaptive mechanisms. He is















Bends in Simulated Extravehicular Activity

Lieutenant Colonel Robert G. Mclver

Lt Colonel Mclver receiveda B. S. degree in biology and an M. D.
degree from the University of Texas Medical Branch at Galveston,
Texas. After completing a residency at the Henry Ford Hospital,
he was in the clinical practice of anesthesiology for six years. He
has been engaged in research in aerospace physiology at the USAF
School of Aerospace Medicine for the past five years. Major publi-
cations have been related to decompression sickness from high and
low pressure exposures and in the use of oxygen under high pressure.
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132 Bends in Simulated Extravehicular Activity

TABLE II. Ceses of Decompressior Sickness

B ENRDS G R ADRER

Mission Liftoff and
Profile N  Iransfer Vehicle Trsnsfer EVA laboratory work BVA

1 2 3 1 23 1 2 3 1 2 3

(N=20)* (M=19)*

1A 21 3 1 1 3 2 4 1 4 2 4
2A 31 1 6 2 6 10 3
2B 50 2 7 2 1
2B He 38 4 10 2 3
2B He 32 1 1 6 3 1
2 30 1 1
2C He 10 1 4
2Q 38 6 2 1
2Q He 39 1 1 7 1 1
25 36 3
2S He 35 | 1 1
1S 28 1
N =20
& N= 19

TABLE III. Denitrogenation Times and Bends Incidence in Transfer Vehicle
and Transfer EVA

Grade of Bends 1.5 Hrs. 4 Hrs.,
(N = 52) (N = 160)
1 7 (13.5%) g% (5.6%)

2 1
. 3(11.57.) '} ( .67%)
3 0

* All occurred in Transfer EVA,

B. Preoxygenation Before the Work EVA. Table IV shows cases of
bends from helium atmospheres in which 30 minutes of oxygen breathing
was compared with no oxygen breathing prior to work EVA following MOL
atmosphere exposure. These results indicate that benefit from the 20 min-






















What Has Space Experience Taught Us About Disorientation?

Dr Paul A. Campbell

Dr. Campbell earned his B. S. degree at the University of Chicago
and his M.D. degree at Rush Medical College of the University of
Chicago. During his Air Force career he served two tours of duty
as Director of Research at the USAF School nf Aerospace Medicine
and was Chief of Space Medicine and Head of the Advanced Studies
Group. He was Commander, USAF School of Aerospace Medicine,
at the time of his retirement in 1962. He holds fellowships innumerous
professional societies, has beenelected to the International Academy
of Astronautics and the International Academy of Aviation and Space
Medicine. Included among his many awards are the Legion of Merit
with Oak Leaf Cluster, Royal Order of the Sword of Sweden, and the
Louis Bauer Award in Space Medicine for the year 1963. He is
presently a Consultant in Space and Aviation Medicine.
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Vestibular Experiments in Gemini Flights V and VII

Dr Earl F. Miller, Il

Dr. Miller received a B.S. degree in optometry from the Ohio
State University School of Optometry, M.S. and Ph. D. degrees from
the Ohio State University Graduate School. Previous positions, in-
clude Instructor in Optometry, Research in Physiological Optics,
Ohio State University; Research Associate, Kresge Eye Institute,
Detroit, Michigan. Since 1961 Dr. Miller has been Head, Physio-
logical Optics Branch, Medical Sciences Division, U.S. Naval School
of Aviation Medicine. He is the inventor of many devices and aids
to research in physiological optics and has been the recipient of
numerous awards for his outstanding contributions in his field.
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Certain Effects of Changing the Force Vector with Reference
to the Subject on a Centrifuge

In figure 6 a subject is shown seated facing the direction of rotation
while exposed to a centripetal force of 1.0 g unit. A naive subject with eyes
closed feels as if he is tilted to the right in an upright room. A sophistica-
ted subject is also aware of the tilt but will realize his position has not
changed with reference to the room. Both subjects, if viewing a luminous
line in the dark while suddenly subjected to a centripetal force of 1.0 g unit,
would perceive the line as rotating slowly clockwise from the horizontal
position through an arc usually greater than 45°, This is an illusory or
apparent motion representing influences of cues from the force environment
on visual spatial localization. T the subject is requested to set the line to
the Earth horizontal, he rotates it counterclockwise from its original setting
toward the gravitoinertial horizontal, usually overcompensating at thislevel
of force; grasping a swivel rod with eyes closed, he also sets this near the
gravitoinertial horizontal. The results are scored in terms of correspon-
dence of the settings to the gravitoinertial horizontal.

b.
SUBJECT PERCEIVES i SUBJECT
LIGHTED ROOM AS PERCEIVES ROOM
SLIGHTLY SLOPED 1.0 CONSIDERABLY SLOPED

G FORCE Whe  DARKENED
1.0 6 C FORCE

DEPICTING THE ILLUSORY TILT OF A PHYSICALLY UPRIGHT
ROOM PERCEIVED BY A SUBJECT ON A HUMAN CENTRIFUGE

Figure 6. Naive subject facing the direction of rotation fixating a luminous
line in the dark regards himself as tilted in an upright room.
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Vestibular Experiments in Gemini Flights V and VII

The goggle device was monocular and fabricated induplicate so that the
astronaut in the lefthand seat used the right eye with the readout visible to
the astronaut on '.is right, and vice versa. The readout was adjusted for
each flight so that the instrument's zero was represented by a value other
than zero or 180°to eliminate or reduce the possible influence of knowledge
of the settings upon subsequent judgments. Horizontally with respect to the
apparatus was 61.3° for the astronaut on the left and 98.8° for the astronaut
on the right in the Gemini V, and 76.6° and 101.6° for the left and right
Gemini VII astronauts, respectively.

It was necessary to incorporate the device with the Vision Tester which
was used in another experiment. The device was held at the proper position,
with the lines of sight coincident with the optic axes of the instrument, by
means of a bite-board individually fitted to the subject. A head brace, as
shown in figure 11, was provided to connect the bite-board of the instrument
to the map board slot of the spacecraft and thereby eliminate any rolling
movement or displacement of the zero target setting for horizontal with re-
spect to the spacecraft; a limited amount of freedom around its pitch axis
was permitted by the folding configuration of the brace as designed for
storage purposes. This methodof fixing the Vision Tester to the spacecraft
was not used in the GT V mission, but a similar positioning of the instru-
ment was achieved by having the subject sit erect in his seat with his head
aligned with the head rest.

Figure 11.

Photograph illustrating the
vision tester and its useé
within the spacecraft.
Note head brace connecting
the biteboard of the Vision *
Tester to the instrument

panel.














































Human Tolerance of Prolonged Exposure to a Rotating Environment

|
(i

LT D. B. Cramer

LT Cramer graduated from Northwestern University, Evanston,
Illinois, in June 1959, receiving a B.A. degree with a major in
chemistry. He receiveda scholarship from the West German govern-
ment and spent the following year studying German literature at the
University of Freiburg. In September, 1960, he entered medical
school at the University of Chicago, from which he graduated in
June, 1965. During medical school he received a National Science
Fellowship to do research in the Department of Cardiology. After
completing an internship at the U. S. Naval Aerospace Medical Center
inJuly, 1966, he assumed his present position as Assistant Head of
the Vestibular Physiology Branch of the U.S. Naval Aerospace Medi-
cal Institute.
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Calcium and Nitrogen Balance Studies During Gemini VIl Flight

Dr Leo Lutwak

Dr. Lutwak is Jamison Professor of Clinical Nutrition, Gradu-
ate School of Nutrition; Professor of Clinical Medicine, University
Health Services; Director, Clinical Nutrition Unit, Cornell University,
Ithaca, New York. Hereceived a B.S. degree in chemistry from the
College of the City of New York; an M. S. degree in biochemistry from
the University of Wisconsin; Ph. D. degree fromthe University of
Michigan and an M. D. degree from Yale University. He completed
a medical internship at Duke Hospital in 1957, and a residency in
medicine atthe U. S. Public Health Service Hospital, San Francisco,
in 1960. Previous positions held by Dr. Lutwak include Assistant
Clinical Professor of Medicine, Georgetown University Medical
School, Washington, D. C., and Senior Investigator, Metabolic
Diseases Branch, National Institute of Arthritis and Metabolic
Diseases, National Institutes of Health, Bethesda, Maryland. He
is the author or co-author of more than 34 publications in the field
of nutrition and metabolic studies.





















Calcium and Nitrogen Balance Studies During Gemini VIl Flight

TARLE II
ELEVENTAL COMPOSITION OF DIETS
(A) F.B.
Day Ca Mg Na .4 PO’J SO’J N
(em.) (em.) (meq.)  (mea.)  (em.) ) (gm.)
T.12 1.2873 L4340 «>8.8 11k 4 2.50h8 2.4202 25.431
T-11 1.3359 JLL2T 230.9 162.3  2.86.45 2.7u458 2L,0Ls
T-10 1.2558 L4301 177.6 143.9 3.1082 3.1083 28.09%
m 1.3553 .k532 268.8 120.9  2.5189 2.3435  24,38)
T-8 1.2483 LLs22 263.5 169.1 2.9733 2.0Lk01 27.452
-7 1.2630 .Lsko 156.9 1h8.3 3.1202 3.1281 27.94%7
-6 1.335L L1438 232.7 11€.7 2.4775 2.2876 22.31h
T-5 1.3289 k€09 258.5 163.9 2.9258 2.0003 26.97h
my 1.2840 .usho 174.6 146.0 3.14k2 3.1497 28,218
T 1.3272 .14309 231.8 11k.0 2.4115 2.2835 22.206
Mean 1.3122 LLUEA 226.4 1:0.0 2.8088 2.7325 25.807
s.d. .0343 .000k 40.0 20.7 27Tk .3L62 2.185
Inflight
1 .8705 .2278 14k.0 3.2  1.5372 .9533 18.275
2 1.1561 L1646 166.6 38.4 1.L24T L7311 13.0u6
3 .9702 .1386 137.4 20.9 1.3748 L6288 10.91%L
i .T1k2 o2l 186.8 L8.6 1.3263 ohT12 15,405
5 1.2734 .2377 143.5 36.1 1.3212 .G215 15.625
6 1.21890 .2251 147.2 40.7 1.5416 1.0018 19.230
T 1.1651 L2436 88.9 22.7 1.2761 .8o7k 17.287
] LRB1T .1801 135.8 36.6 1.2150 .BB76 17.526
o .8279 .2373 121.7 35.8 1.1519 L0768 18.400
10 1.1039 .2222 125.7 36,0 1.h139 1.0037 17.502
12 +5555 .2013 1004 L2} 1.0733 .9A09 16.905
12 1.h4700 2773 128.2 39.h 1.5481 LT5hT 15.533
13 1.3267 .1917 180.2 k0.1  1.6L45T .9oL2 16.497
14 9551 .1013 125.5 23.5 1.2209 .L886 8.058
Mean 1.0L21 .1081 1Ls5.1 36.8 1.3622 BTk 15.807
s.d. .2513 .oLok 28.4 8.9 L1613 .1632 2.8L7
Post

S

1 1.2372 .356h 2L4.9 128.8  2.5485 2.535L 22.0LY
2 1.3913 .5260 204,83 169.3  3.2L55 3.0258 28,920
3 1.1735 266 169.1 126.5 2.6207 2.6050 21.869
N 1.4218 L1100 24s5.7 106.1 2.4686 2.3906 22.2Ll

Mean 1.3035 .L208 238.6 132.7 2.7231 2.6L417 23.769
s.d. .1009 L0613 4,0 22.9 .3070 .2Lo3 2.977





































































Hypodynamics: Cardiovascular Aspects

Colonel Timothy N. Caris "':1‘

Colonel Caris is currently Chief, Aerospace Medical Sciences
Division, USAF School of Aerospace Medicine. He hasearneddegrees
from Ohio State University (B. A.), Ohio State University College of
Medicine (M.D.), and Baylor University (M.S.). He interned at
Peoples Hospital, Akron, Ohio, 1947-1948, and practiced general
medicine in Marion, Ohio, 1948-1951. He completed a residencv in
Cardiology at Brooke Army Hospital, Fort Sam Houston, Texas, in
1959. Among the positions held by Colonel Caris are Commander,
USAF Hospital, Wright-Pa‘terson AFB, Ohio, and Air Force Con-
sultant in Internal Medicine and Cardiology. He is certified by the
American Board of Internal Medicine, a Fellow, American College
of Cardiology and American College of Chest Physicians, a Charter
Member of Greater Dayton Advanced Cardiology Seminar Group and
Traveling Lecturer for Miami Valley Chapter of the American Heart
Association.






Colonel Timothy N. Caris

Asearly as 1931, it was observed that when man assumed the erect pos-
ture here on earth under the influence of the normal 1G force of gravity and
stood quietly for 40 minutes, there was a decrease of 15% in the total circu-
lating blood plasma volume (1). Subsequent studies show that standing qui-
etly for a period of time results in pooling of some of the plasma volume in
the arterioles, capillaries, veins, and in the tissue spaces of the lower ex-
tremities (2, 3) because of the increased hydrostatic pressure. Man nor-
mally develops sufficient plasma volume, so that he can affoid this degree
of diminution of his circulating fluid with no untoward effects. The cardio-
vascular compensatory mechanisms mentioned earlier prevent progressively
increasing pooling and insure a sufficient venous return and normal cardiac
output.

If man is maintained in a recumbent position, the hydrostatic column of
blood due to gravity shortens considerably. It changes in direction to one
beginning with the anterior chest wall and continuing straight through to the
back. The usual pooliig of blood in the lower body noted with erect posture
does not occur, and approximately11%of the average blood volume is shifted
from the lower extremities to the rest of the body, primarily into the vascu-
lar beds within the chest (4).

Under these circumstances, increasing amounts of both sodium and wa-
ter are excreted through the kidneys until this shifted fluid volume is elimi-
nated (5). The reason for this diuresis is not completely understood, but it
appears that a volume receptor mechanism within the vascular system may
be brought into play which decreases the secretion of aldosterone produced
by the adrenal cortex (6). With a diminution of this hormone, the normal
sodium reabsorption by the kidney is curtailed, and sodium with water is ex-
creted. In addition, the increased circulating blood volume results in in-
creased filling of the chambers of the heart. Such a situation stimulates
still another response (Henry-Gauer reflex) which leads to increased water
excretion by inhibiting the normal production of antidiur=tc hormone by the
pituitary gland (5, 7).

With total body immersica n water, the normal gravitational force in-
fluencing the body is oppesed by the pressure of the immersion flwmd outsicde
the body. In this manner, "weightiessness’ can te produced. and effects of
hvérnstatic pressure s within the body virtually eliminated. [t has been shown
chat immersion results in redistritution and excretion of tedy fluids very
similar to those described with recumbency (8).

The !imited amount of pertinent information available regarding man in

der the zerc-G environment as well (9.
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Erthrokinetic Changes in Man Associated With Bed Rest

Captain Bernard S. Morse

Captain Morse is a member of the Internal Medicine Branch,
Aerospace Medical Sciences Division, USAF School of Aerospace
Medicine. He received his M.D. degree in 1960 from Seton Hall
College of Medicine, Jersey City, New Jersey. After holding a two
year residency in internal medicine, he then completed a two year
N.L.H. Fellowship in Clinical and Experimental Hematology at St.
Elizabeth's Hospital, affiliated with Tufts University of Boston. He
is author or co-author of 17 scientific papers. He is a member of
the American Society of Hematology and American Federation for
Clinical Research.













































Hypodynamics: Metabolic Aspects

Major Malcolm C. Lancaster |

Major Lancaster is Chief of the Internal Medicine Branch, Aero-
space Medical Sciences Division, USAF School of Aerospace Medicine.
He received his M. D. degree in 1956 from the University of Texas
Southwestern Medical School, Dallas, Texas, and M. S. degree from
the University of Colorado, Denver, Colorado, in 1960. He has
served as Chief of Medical Services, of the USAF Hospital at RAF
Lakenheath, England; Chief Cardiopulmonary Service, USAF Hospital
Wright-Patterson and Chairman, Department of Medicine, USAF
Hospital Wright-Patterson. He is a Diplomate of the American Board
of Internal Medicine, Associate Fellow, American College of Cardi-
ology, a member of AMA, AHA Anglo-American Medical Society,
and Society of Air Force Internists and Allied Specialists.



























Vision in the Void

Dr Hans G. Clamann

Dr. Clamann is Chief, Aerospace Medical Research Division,
USAF School of Aerospace Medicine. He received his M. D. degree
from Heidelberg University, and served as Research Assistant in
Phiysiology at Heidelberg and at the University of Wuerzburg for
sevenyears. He spent ten years at the Institute of Aviation Medicine
in Berlin and was named Deputy Director of this institution in 1943.
In 1939 Dr. Clai.ann was awarded the Lilienthal Plakette, and later
a special award for personal research on oxygen poisoning and explo-
sive decompression. In 1947 Dr. Clamann joined the USAF School
of Aviation Medicine as a research physiologist where he continued
his previous studies.












Vision in the Void

many physical factors have to be considered such as turbidity of the air and
rapid changes of this turbidity which cause the so-called scintillation of the
picture. Many papers have been written on this topic. I would like to men-
tion only two: Ritter and Strughold (4), and Schmidt (5). The references in
these papers also cite additional papers on the same topic. Next to the
physical geometric optical approach, these authors mention such physiolo-
gic factors as the effect of contrast upon the resolving power of the eye.
Here we touch upon something whick also has been discussed in innumer-
able papers with many arguments pro and contra. We enter here a field
which includes physiologic and psychologic aspects.

An experiment may demonstrate the influence of contrast upon visual
acuity. Two vertical wires of .33 millimeters in diameter and 48 cm in
length are mounted on a vertical board which is dull black in color. With
the surrounding light intensity, the wires should be visible at least to a
distance of 15 feet or better; but even with the most (ntense illumination,
one cannot make the wires visible to the back of this auditorium. To en-
hance the brightness of the wires, there is a simple trick: Make the wires
glow, which causes a higher illuminance than can any reflected light. The
wires are heated now to a soft red glow. The audience can see them now
down to the last row of seats and beyond.

Another example of the effect of contrast may be demonstrated by a
case of the so-called simuitaneous contrast (fig. 2). Slightly gray, circu-

Figure 2. Simultaneous Contrast. The circular infields, actually all of the
same luminance, seem to decrease in brightness as the surrounding
squares decrease in darkness.



Dr Hens G. Clamann

lar infields, all of the same luminance (in the original, but in this figure
slightly different through processing), are surrounded by squares of vary-
ing gray shades of luminance. The influence upon the perceived brightness
is clearly visible. This may be one of the mechanisms to enhance the
sharpness of the image on the retina.

A few lantern slides may demonstrate other optical illusions. One which
is not too widely known is Fraser's (6) spiral illusion (fig. 3). There seems
to exist a line spiralling toward the center, and even simulating a certain
depth toward the center. Actually, the ''spiral’’ consists of concentric lines.

Figure 3. Fraser's Spiral Illusion. This figure consists of a number of
concentric circles constructed of intertwining black and white
lines on a background of a curved, radial pattern of gray bands.
This arrangement causes a forceful illusion of a spiral arrangement.
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Figure 5.
Figure 6.

Two photographs were taken of the same building from the same dis-
tance. The first photograph (fig. 5) was taken with an objective
having a shorter focal length (f = 90 mm) than was used in the

second photograph- (fig. 6) having a focal length of 135 mm. Both
focal lengths, however, are considerably longer than the focal

length of the human eye. (For normal young adults, varying in the
average from 15.6 mm to 12.4 mm at the state of accommodation for
near and far distance, respectively.) The ratio between the distance
toward the building and the height and length of the building seems
different in figure 5 and 6.
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Vision in the Void

before the lens. This filter, of course, did nothing but alter the shades in
the black and white plate according tc its spectral transparency (fig. 11,
lower part). Then another picture was taken with the same arrangement,
but this time using a green filter (fig. 11, upper part). Again, a black and
white picture resulted, the shades this time altered according to the spec-
tral transparency of the green filter. After processing each of the lantern
slides, they were put in a separate projector with exactly the same optical
qualities. Projecting these two lantern slides on the same area of the
screen, they overlap and form a single black and white picture.

Figure 11. Tne actucl photograph used in the Land Experiment. The upper
picture was taken with a green filter; the lower with a red one.
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Inserting a red filter before that projector which holds the lantern slide
taken with a red filter, one would expect to see a reddish image, or maybe
again some simultaneous contrast of green. But, we see a picture which
retains some hues of yellow, brown, blue and some other tones. This ex-
periment shows to what degree our eye is capable of adding imaginative
colors to one real color. Dr. Land did embark on an extended hypothesis
of color vision with which I would not totally agree, but he did mention the
effect of simultaneous contrast at least as part of an explanation, and so do
L

Applied to vision in space, it is wise to use caution in observing tar-
gets on the Earth or other spacecraft, especially when looking upon the
surface of the Earth with its rich bluish and greenish hues. Against such a
background, simultaneous contrast may deceive the eyes of the astronauts.

I. Schmidt (15), in an oral presentation in London, England in 1959,
advanced the hypothesis that the reddish and greenish colors on the planet
Mars cculd be explained by simultaneous contrast.

Before going back to the celestial aspect. I should like to mention
another illusion, that is the ""buckled tank" illusion (fig. 12). Two pictures
of a tank, side by side, differ in such a manner that the pictures are re-
versed with reference to left and right, and up and down. The indentations
on the tank appear either as holes and buckles, or as rivets and dents.
Turning the picture over, the appearance of the indentations is reversed.
While this phenomenon certainly has to do with the direction of light, it is
not enough to explain it fully. In looking at this picture, one may compare
it with the Moon's landscape. Fortunately, we do know enough about the
Moon not to confuse the craters with the hills. Maybe in approaching Mars,
we will encounter such problems when observing with the eyes.

Figure 12. The "Buckled Tank" Illusion. Two pictures of a tank were taken:
One picture being reversed with reference to the left and right,
and up and down. The indentations of the tank appear either as
holes and buckles, or as rivets and dents. Turning the picture
over, the appearance of the indentations is reversed.
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Application of Aerospace Medical Developments in Clinical Medicine
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i_y Brigadier General Thomas H.Crouch

General Crouch is the Commander, Wilford Hall USAF Hospital,
Lackland AFB, Texas. He received his M.D. degree from Tulane
Universityin 1939. He interned at City-County Hospital in El Paso,
Texas, and served his residency in orthopaedic surgery at Fitz-
simmons General Hospital, Denver, Colorado. Previous assign-
ments include: Commander, USAF Hospital, Carswell; Commander,
USAF Hospital Weisbaden and Surgeon of the 7100 Support Wing;
Commander, USAF Hospital, Westover AFB, Mass., and Surgeon
of the Atlantic Division (MATS); Surgeon, 2nd Air Force; Deputy
Direcior and then Director of Medical Staffing and Education, Head-
quarters, USAF. General Crouch is board certified in Orthopaedic
Surgery. He has served as Consultant in Orthopaedic Surgery to the
Air Forces in the Pacific and in Europe, and to The Surgeon General,
USAF.




















































Cardiac Responses to Acceleration Stress:
I. Instrumentation and Technics

Captain H. Fred Stegall

Captain Stegall is a Research Medical Officer in the Biodynamics
Branch, USAF School of Aerospace Medicine. He received his B. S.
degree in chemistry from St. Edward's University in Austin, Texas,
in 1956; his M. A. in physiology and M. D. degrees were awarded by
the University of Texas Medical Branch, Galveston, Texas, in 1959
and 1961, respectively. He interned in the University Hospital,
Seattle, Washington, and subsequently was postdoctoral fellow and
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CARDIAC RESPONSES TO ACCELERATION STRESS:
I. INSTRUMENTATION AND TECHNICS

Captain H. F. Stegall, USAF, MC

The experimental skills needed to define the responses of the cardio-
vascular system to acceleration stress are no different from those necded
to define responses to other stresses like exercise, hypoxia, or disease.
In each case we must identify the pertinent stress placed on the system,
the functional limitations imposed by this stress, the reflex responses
elicited by it, and how the stimulus-response relationship may be modified.
Pertinent variables describing each must be identified and then measured
with an accuracy appropriate to the demands of the experiment.

The first illustration (fig. 1) outlines the general approach necessary
to logical experimental design. This is certainly a significant limitation
to function in a pilot pulling from up a dive--the cerebral hypoxia and un-
consciousness which result when he puils too many ""G's." By outlining in
sequence the factors which can cause cerebral hypoxia, we can identify
those which may be significant by proceeding down this logical tree. Cur-
rently available information suggests that the most profitable line of inquiry
lies along those boxes heavily outlined; development of a large pressure
head between heart and brain which is not overcome by a rise in aortic
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Cardiac Responses to Acceleration Stress:
I. Instrumentation and Technics

and our next attempt will be to incorporate a pressure sensor on the same
catheter tip for simultaneous measurement of pressure and flow.
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Figure 11

Conclusions

Recent advances in bioinstrumentation are bringing us closer to our
goal of a complete description of the cardiovascular stresses and reflex
responses seen during acceleration. Measurement of pressure, volume,
flow, and vascular resistance in various sites by appropriate techniques,
singly or in combination, is an essential part of this task. We must continue
to extend these capabilitics, where possible, under the difficult conditions
of acceleration studies. Instruments and techniques meeting these criteria
will find wide use in other stressful situations and will lead to a better un-
derstanding of the interaction of man and his environment.
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Space Cabin Toxicology
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Space Cabin Toxicology

Figure 1. Inhalation Exposure Facility, showing dome-shaped altitude
chambers.

with the necessary air lock, contaminant feed and drainage systems to faci-
litate continuous exposure of a !arge number of various species of animals
without interfering with either the pressure or contaminant concentration.

These "Thomas Domes' were conceptually designed by the author (7)
and were engineered, installed and are currently operated by the Aerojet-
General Corporation under acontract with the Air Force. One of the desir-
able features of this facility, usually not encountered in other exposure
chambers, is the capability to simulate environmental parameters that are
peculiar to space cabin atmospheres. Within the 4-fold structural safety
factor these domes can be operated . ith a pressure differential of 10 psi
(i.e., from one atmosphere to one-third. atmosphere pressure) and with
either single-gas oxygen, or with mixed gas, oxygen-nitrogen, or oxygen-
helium environments. For both safety considerations and versatility, the
upper portion of the dome is mated to the lower portion by an O-ringarrange-
ment, thus providing both a quick escape capability for the operators in case



Dr Anthony A. Thomas

of a fire, and an unrestricted access during the loading of animals, cages
and life support and specializedtest equipment before and after experiments
(fig. 2). An operating console continuously records oxygen and carbon
dioxide concentrations, contaminant flow rate, oxygen flow rate, totalpres-
sure, temperature and humidity within each dome.

The middle section of the dome consists of one-inch thick, shatter-
proof glass paneling that assures unobstructed visual and photographic ob-
servation of the experimental subjects. The black ceiling, walls and floors
facilitate both photographic work, through elimination of reflectance, and
sensory deprivation studies. The facility is highly automated and can be
operatedby a single technician during the night-time hours. At the beginning
of each experiment, the basic parameters such as contaminant flow, tem-
perature, humidity and mixed vs. single gas atmosphere are adjusted in the
basement of the facility, and from then on the entire operation is automati-
cally controlled. The control console has manual override features and
both visual and audible alarm system.

Figure 2. Primate performance cages loaded in chamber.



Space Cabin Toxicology

During exposure studies, chamber technicians enter the dome once
daily through a vertical airlock system to clean cages, feed animals and
obtain biological samples (fig. 3). Wastes are hosed down through a special
drainage system which canhandle the pressure differentials involved. There
is also a w.ter spray ring which can be aciivated from the outside to pre-
vent accumulation of excreta during the 24 hour cycles. All dead animals
are removed promptly and necropsied immediately.

A liquid oxygen storage cylinder with a 68, 000 pound capacity supplies
gaseous oxygen to the facility through a converter. All crucial support
equipment such as air conditioning units, chillers, oxygen heaters, vacuum
pumps, compressors for instrument air, etc., are redundant and, in case

Figure 3. Vertical airlock system, used by chamber technicians for
entry to dome during exposure studies.
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Personal Hygiene and Sanitation In Aerospace Systems

TABLF VIII. OCCURRENCE OF GRAM=POSITIVE ROD BACTERIA

3ubject 37
experiment X
Corynebacterium
Lacto- Bacil- pseudodip- Pattern
Period | bacillus| laceae | striatum | theriticum A Al B Bl | B2
1 feces groin,gp, | nose, umbilicus toe £.p. 1
anal forearm
2 groin,gp, | nose nose anal, gp
anal
3 gr,anal nose nose, ax gr, anal
4 feces £p, anal nose groin
| 5 feces anal nose gr,anal g p.
6 throat, g.p. groin, nose anal
gingival g.P. groin,
feces anal anal
7 feces anal groin
g.p. groin,gp, | anal g.p.
toe, anal
9 feces axilla groin groin, gp, | anal
toe,anal | g.p.
10 throat g.p. nose, gp nose,gr, | anal
feces axilla, gp,
toe, anil
11 feces umbil g.P. eye,g.p. | anai groin
gr, umbil | -
TABLE IX BIOCHFEMICAL REACTIONS OF CORYNEBACTERIA
Litmus
Pattern| Milk Gelatin | Starch |Nitrates| Glucose|Sucrose Loeffler's Nutrient Agar| Tellurite Morphology
A no growth | growth - - - pinpoint to smal.;s:aall grey- |grey-black |pinpoint almost
change | negative | nc acid colony almost white slightly |colonies |translucent to
no transl t at the |opag small grey
liquefac- top of the slant slightly opague
tion but opaque and
cream colored in|
the heavy growth
areas
Al* |no growth | growth - - - small raised white-grey grey-black |larger colonies
change negative | negative cream pag loni pagq
@ growth = - -
no lique-
faction
B negative | growth | growth E acid acid |small raised smal! colony |bleck grey opague
negative | + acid glisening grey-white colonies
slightly trans- |siightly irregular
lucent at top opague clumps
but cream and
opague at
bottom
B1**| negative | growth | growth - acid acid
negative | + acid
B2 ARC*** | growth | growth + acid acid |small cream medium black grey opague
with negative | grey-white
frote- slightly
| olysis opague

* Al almost identical to A except in colonial morphology
** B] probsbly identical with B except acid is produced in sucrose
*** ARC - acid reduced curd
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TABLE XI CORYNEBACTERIAL AND STAPHYLOCOCCAL POPULATIONS - GROIN

Subject 41

Sampling Period
1 2 3 s 5 6 7 8 9 10 [ [i12 T3
Grotn Coryn. | 960 | 9560 | 2850 | 740 | 2840 [ 1110 [ 1230 | 2870 | 2810 | 840 [ 710 | 4060 | 3320
(Lef) eaph. | 100 | 230 | 480 | 10| 0] 10| so| so| 90| 10| 0| 220] 20
Grom Corvn. | 2000 | - - | 5490 | 7000 | 5500 | 5000 |16000 |32700 | 1700 | 1340 | 4790 | 1420
(Right) geoph. | 370 | - - 0of200| 20| e | 270| 700 o| 40| so| 220
14 |15 |16 |17 [18 |19 [20 |21 [ 22 J23 J2¢4 |25 | 26
Grotn Coryn. [ 1890 [ 1000 [ 1080 | 864 | 925 | 2090 | 450 | 2210 | 1630 | 1940 | 1070 | 780 | 1440
(Left) seaon. | 100 | 247 | 60 1| 173] 10| 70| 740| 320 | 330 | 900 | 200 | 400
coryn. | 320 | 426 | 770 | 1576 | 1056 | 2810 | 1060 | 1600 | s60 | 510 | 1490 | s20 | 1650
Groin
(Right) 50 o, so| 157 | sof 12s| 77| 10) 3| 20| 10| 140 [ 500 [ 270 | 140
- = Confluent growth

Data x 10? = total bacteria/gram

Representative isolates of Staphylococcus aurcus were phage typed and

the complex 52/52A/80/81 which is considered one of the strains resistant
to antibiotics was found during 18 of the 26 sampling periods. It was
isolated from both the environment and the subjects. This is an aspect that
must be reviewed very carefully in future studies.

During our previous experiments, the room or chamber where the
subjects v ere confined were all cleaned as carefully as possible, but during
this experiment, the air was sprayed with distilled water and the flat sur-
faces, such as tables and floor, were cleaned as carefully as possible with
a quaternary annonium compound.

Concerning individual cleansing of body parts by the subjects, only dry
paper towels were used during the first 45 days. They were permitted wet
wipes, paper wipes moisiened with water as desired for the next 10 days,
but one subject elected to use none, one subject used four per day and the
other two subjects used two wipes per day.

I believe that our experiments have shown that for 30 days, body
cleansing in a space system may be a matter of personal preference. This






Space Weather Forecasting
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Figure 11. Photographs ot the aurora taken from Akasofu, 30 1965. In the
upper left is a photograph of a quiet and diffuse auroral arc. At the top right
is a similar arc with pink light from excited nitrogen molecules. The other
four are ribbon-like auroral types called attive rayed bands.
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World-Wide Aeromedical Evacuation and Recent Developments

jf Brigadier General Harold F. Funsch

General Funsch is Command Surgeon, Military Airlift Command.
The professional and medical-administrative policy of nine hospitals
and dispensaries, and the operation of the world-wide aeromedical
evacuation system of the Military Airlift Command are under his
supervision. General Funsch received his M. D. degree from St.
Louis University School of Medicine. After serving an internship in
St. Louisandaresidency (OB-Gyn) in Omaha, Nebraska, he entered
on active duty as atterding physician at Fort Omaha in 1940. He
later served in assignments with the Air Transport Command, Air
Training Command, and Fifth Air Force, in the United States and
overseas, before being assigned to his present position. General
Funsch is the author of numerous professional and medical manag-
erial publications.















Brigadier General Harold F. Funsch

need, the long range jets have been called upon for this service. Air Force
Reserve and Air National Guard units serve as a back-up during times of
national disaster or hostilities.

REQUIREMENTS FOR AEROMEDICAL EVACUATION

(1) Communication and Coordination. If the inherent medical and lo-
gistical advantages of aeromedical evacuation are to be exploited to their
fullest potential, effective communication, coordination and control are es-
sential. All available media of communications are utilized to insure the
optimum intermeshing of: requirements for patient movement; aircraft
availability and efficiency of utilization; and hospital resources. Coordina-
tion with aircraft control elements is vital in order to insure rapid transit
of the patient from point of origin to ultimate destination. The Aeromedical
Evacuation Control Center (AECC) is the nerve center of the system (fig. 1).
This center maintains contact with medical treatment facilities originating
and receiving patients, and coordinates all matters of patient air transport
with all participating or interested agencies. The AECC determines air-
craft space requirements; coordinates these with aircraft allocation and
operational agencies; maintains patient movement and aircraft capability
records; supervises the ground handling and loading of patients; and, where
multiple stops are to be made, determines aircraft itineraries to insure
proper patient onload and offload sequence.

Figure 1

An example of command control facilities, and the concomitant proce-
dures, is found in the 375th Aeromedical Airlift Wing, which is responsible
for operating the domestic system. Both the wing headquarters and the
Central Aeromedical Evacuation Control Center are located at Scott Air









World-Wide Aeromedical Evacuation and Recent Developments

In intertheater operations, jet aircraft are used. The introduction in
1961 of the C-135 (an early cargo version of the Boeing 707) marked the
greatest forward step in aeromedical evacuation since the advent of cabin
pressurization. Flying above most inclement weather at better than 450
knots (520 m. p. h.), boastiag a tremendous range, and being readily conver-
tible from cargo/passenger to aeromedical evacuation configuration, the
C-135 revealed a new horizon in aeromedical evacuation concept and tech-

nology.

In mid-1965, the Lockheed C-141 Starlifter succeeded the C-135 as the
major MAC long-range transport. The C-141 is a high speed, long range,
high swept-wing aircraft powered by four turbofan engines. It is 145 feet in
length, with a wing span of 160 feet. Its spacious cargo compartment can
be equipped to carry more than 150 troops, or up to 80 litters in rows of
three and four tiers each (fig. 2). In the latter configuration, there is space
for up to16 attendants. Various combinations of litters and seats for ambu-

-— 7
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Petal-type rear-end doors with self-contained ramp simplify patient
loading directly from ambulances. Side paratroop doors may also be uti-
lized for boarding ambulatory cases (fig. 3).

Figure 3

(4) Special Equipment and Supplies. The requirement for reduced
weight and bulk inherent in the air transport mode has led to many innova-
tions and adaptations in equipment. Electrical equipment, for example, had
to be made compatible with the aircraft electrical supply system, and de-
signed to prevent interference with navigation and communications systems.
Back-up systems are available for the more critical items of equipment.
Lightweight Carmody aspirator and Globe or Handy combination resuscita-
tor sets are used. The Ambu respirator bag, with masks and pedal-opera-
ted suction, is usually available. Standard incubators are e.“ployed for
premature infants.

On smaller aircraft, oxygen is carried in small portable, lightweight
low-pressure ''therapeutic kits,'" with simple continuous-flow regulator.
There are replenishable from the aircraft's central O, reservoir. Larger
aircraft carry the conventional large green high-pressure tanks in a special
harness with the bubbler type humidifier. Troop oxygen outleis abound in
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all troop carrier transports. The jets provide for emergency oxygen in the
event of cabin depressurization. Inthe C 141, a liquid oxygen system pro-
vides for the greater quantities required by larger patient loads on 9-10
hour transoceanic flights. The oxygen may be administered by any of the
conventional methods.

Folding litters with lightweight aluminum or wooden parallel frames
aliow for easy portability and security. Foam mattresses and head rests
proviae a measure of comfort. The space between tiered litters is adjust-
able, and litter straps are mandatory. Riggings are such that Stryker
frames can be securely carried. A speciai Collins traction apparatus (12)
is used for spinal injuries; this is a portable device for maintaining constant
traction, by means of an adjustable spring, even during aircraft maneuvers
or turbulence.

When a full body type respirator is indicated, the lightweight (200 1b)
respirator developed by the USAF School of Aerospace Medicine (SAM) may
be used (fig. 4). This SAM lung, powered by aircraft current inflight and

Figure 4
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Figure 5 Figure 6

As in the more conventional hospital on the ground, however, wards
and equipment are only as good as the personnel who serve them.

(5) Medical Crews. The Military Airlift Command acts in accordance
with a fundamental aeromedical evacuation thesis: '"Patients are not cargo;
patients are not passengers; patients are patients.” Thus, everything hu-
manly possible is done to personalize the care, observation and treatment
of the patient, both inflight and at in-transit facilities. The flight medical
crew is, without question, the vital keystone of the entire aeromedical 2va-
cuation concept. The crew may vary from a single aeromedical technician,
alone with his severely injured passenger in a helicopter under fire in the
forward combat areas, to a sophisticated team in a large jet; either way, the
objective and the motivation are identical: care of the patient.

The flight nurse represents the ultimate elite in the Air Force Nurse
Corps. Specially and painstakingly selected, the prospective flight nurse --
although already « registered nurse -- undergoes an intensive six-week
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period of time, but such missions consistently create irregular peaks in the
workload as viewed over the shorter term.

SCOPE OF AEROMEDICAL ACTIVITY

On the 12th of October, 1965, 13 missions were operated in the domes-
tic aeromedical evacuation system, encompassing a total of 62 departures,
171 patients moved, and 90 hours of rlying timme. That was a typical day,
since the number of patients moved each 24 hours varied at that time between
150 and 350. The number of patients, however, is now on an uptrend be-
cause of the influx of medical cases from Southeast Asia.

Despite the increase, every effort is made to limit the number of stops
per mission so that pick-up and delivery can be made during the normal
working hours of the using medical facilities, and for the convenience of the
patient. This is not ailways possible to achieve -- due to the patient loads
and the numerous facilities to be served along some of the evacuation routes.
Cbviously, full cooperation of the hospitals using the aeromedical evacuation
system is absolutely necessary; having patients ready at the time of pick-up,
and planning ambulance and bus transportation for them, are essential.

A FLIGHT PROFILE

The inter-theater aeromedical evacuation activities are equally as busy
as in the domestic system. Some feel for the complex relationships may be
derived by following the planning and procedures required for a typical
flight across the Pacific.

In Southeast Asia, a centralized medical regulating office coordinates
patient requirements with bed availability within the theater, and alerts the
casualty staging unit at the aerial port. Coordinationand communication are
basic to smooth reception. Among the requirements hearing upon the situa-
tion are: flight arrival time; number and type of ambulances; litter bearers;
deplaning ramp; air conditioning units; lighting for night arrivals; portable
communications systems; and a standby medical officer for triage of pa-
tients.

The pre-arrival manifest will include patients'names, diagnoses, trav
el classifications and destinations. The report might read, as an example,
""40-20" -- indicating 40 litters and 20 ambulatories. The number of seri-
ously ill isreported, and the need for special or 2mergency equipment made
known.

At the overseas aerial port, patients from the combat area are rapidly
deplaned -- either to the casualty staging unit or to the hospital itself, as
determined by the flight surgeon meeting the aircraft. The hospital will re-
ceive those requiring special medical observation or intensive care. Pa-

tients are refreshed, fed, and treated if necessary. All are seen by the.
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Information Processing Aspects of Bionics
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and luminosity. Figures 4 and £ show the human cochlea and an electronic
analog model (8). This model is being used as preprocessor for speech-
sound recognition and speech compression (9) because the output channels
of the model provide important parameters for speech processing.

Sup &
vestibuiar
nerve

e
.QE LA J
g U=

’

K\¢) 7 -~

Seala tympa

Cochlesr duct

Scalna veatiovh

Figure 4. Anatomy of the Middle and Inner Ear.

C. Tentral Processing

The central processing stage is responsible for the transformation of
incoming information into desirable responses. This stage, which is the
basis for intelligent behavior, is the most difficult to understand, but offers

the greatest challenge to the model builder.
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L
test of a rocket powered propulsion device. The purposes of these initial
tests were to obtain basic data on system stability, determine optimum lo-
cation of the nozzles and the best position for application of the lift force to
the operator's body.

To accomplish these objectives the nitrogen gas test rig, shown in
operation in figure 1, was fabricated of steel tubing with two underarm stir-
rups to lift the operator. The rig incorporated two downward pointing rocket
nozzles extending laterally from a shoulder harness. Thrust was provided
by high pressure nitrogen supplied from an external source through a flex-
ible hose to a plenum which divided the gas flow equally to two nozzles lo-
cated laterally outboard from the man's body.
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Figure 1

The system briefly described above was relatively crude and its limi-
tations made it difficult to separate problems of system stability from prob-
lems induced by test rig and flight system coupling. For example, the flex
hose would sometimes restrain the freedom of movement of the rig, the
nozzles could be mismatched in thrust, and the operator could only attempt
to control in one plane, pitch, by fixed arm pieces attached to the tubing to
permit rotation of the rig about the shoulderline. Nevertheless, it was the
most important tool available for testing the concept feasibility and system
stability and control.
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be connected with a torsional hip spring with damping constants. The equa-
tions of motion were written for six degrees of freedom representing pitch,
translation and vertical motions of both upper and lower bodies. The equa-
tions were then programmed on a PACE 231-R computer and a simulation
study directed at system control investigations was initiated.

The subject, a trained Bell SRLD pilot, was provided with visual dis-
plays of the upper body pitch angle ( 01), range, altitude and horizontal ve-
locity information. His upper body pitch angle (91) was displayed on an
oscilloscope while velocity and altitude versus range were plotted for his
viewing by means of a two-pen X-Y plotter. Inputs of throttle setting and
thrust vector angle, 8 , relative to the upper body attitude were inserted
into the simulation by means of the SRLD mockup shown in figure 5. The
rig was equipped with a linear pot to pick off signals proportional to thrust
vector inclination, achieved by tilting the rig forward and backward. A ro-
tary pot was also provided to pick off a signal proportional to throttle posi-
tion. The simulated throttle was operated by rotary motion of the right
hand consistent with the then current SRLD throttle mechanism.

Figure 5. Analog Simulation Test Apparatus
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Figure 6, Thrce Body Model of the SRLD Man-Machine System
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thrust equal to weight and a command input, 8, of one degree for each of
three conditions: one-body, in which no body flexure was permitted; two-
body, in which angular motion at the hip was permitted; and three-body,
where hip and knee action both were allowed. Investigation of the data from
the resulting runs indicated not only small differences in response between
the three conditions measured in terms of upper body pitch angle 8, and
translational acceleration, but also demonstrated system stability for each
of the mathematical system analogs. These results supported the conclu-
sion that system response is relatively independent of body flexibility.
Therefore, mathematical models involving two or more moving parts of the
body are not required unless deliberate kinesthetic controlis being attempt-
ed by the operator.

Shortly after completion of the above open loop tests, the first flights
of the SRLD in the Pogo and Chair configurations presented in figure 7 were
made. Since the system structure restrained the pilot and made the system,
in fact, a one-body system, it became clear that kinesthetic control, either
consciously or unconsciously employed, is not used as the primary means
of system ccurol. In fact, since the pilots found the Pogo configuration
slightly easier to fly than the back-mounted system, it was concluded that
body flexure has a small detrimental effect on control rather than function-
ing as the primary means of control.

1 .’;‘ fiﬁ

PRNPPRN

Figure 7. SRLD in Flying Chair Configuration.

Studies were then concentrated on analyzing the pilot's control actions,
assuming that they were using thrust vectoring techniques. This overall
action, as it is now understood, is qualitatively presented in figure 8 to de-
scribe the pilot's inputs and control cues used throughout the flight trajec-
tory.
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Figure 9. Artists Concept of a Back-Mounted Lunar Propulsion Device.

and knee as a multiple body system, and the control system. Preliminary
studies have indicated only small differences in control characteristics due
to increasing hip spring constants. A second effect also may arise from the
suit stiffness if it inhibits the relatively high frequency operator response
and arm motion necessary for controlling the direction of the thrust vector.
This problem will be the subject of studies to be conducted at NASA Langley
Research Center with a Bell lunar Pogo flying on the 1,/6 gravity simulator
(17).

Figure 10 presents altitude and velocity profiles of four simulated earth
lights of the SRLD, under four variations in the operator's effective hip
spring and damping characteristics. In order to provide an exaggerated
example of the effects of the hip spring constant and damping on the system
stability and control, the damping term was set to zero for two of these
flights. Although this effect would be impossible to accomplish physically,
these flights were performed to illustrate the effects of extreme parameter
values. Curves (a) and (b) represent missions in which the upper and lower
body members are connected by a stiff torsional hip spring (K &2 200 ft-1b/
rad). Curve (a), which oscillates continuously in forward velocity, illus-
trates the effect of no damping about the hip pivot. Curve (b) illustrates the
improved flying characteristics, in velocity and altitude control, which are
produced by the addition of damping about the hip pivot. The dashed curves
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briefly summarized below.

(1)

@)

@)

(4)

Hand Held Maneuvering Units - Numerous concepts for such sys-
tems have been studied in recent years. The initial investigation
known to the authors was conducted by Simons and Gardner of the
Air Force Aerospace Medical Division (31). Three models of a
gas powered device were fabricated and tested on air bearing plat-
forms and during Keplerian trajectories in the C-131B aircraft.
Clark and Blechschmidt (32) fabricated a prototype ''power cane'
thrusting device which incorporated two thrusters. Tests of the
device in a tether apparatus resulted in positive conclusions rela-
tive to the application of a similar system in orbit. Another vari-
ation of the hand held thruster system, utilizing thrusters located
on operator's hands was recently investigated by Hanff, Moulton
and Geller (33). This study, however, was primarily directed
toward the design of a prototype system and did not present analy-
tical or test data to support concept feasibility from a control point
of view. The most extensive effort to date, however, is that com-
pleted by NASA (34). The successful use of the NASA developed
hand held thruster unit on Gemini flights 4 anc 10 demonstrated the
feasibility of this method of thrust vector control for short range
line-of -sight translations.

Jet Shoes - A simulation study of an extravehicular maneuvering
device concept incorporating thrusters positioned on the operators
feet has indicated the feasibility of controlling orientation and
translation under zero gravity conditions (35).

Space Jeep The Marquardt Corporation has recently completed

the design of a pulling type thrust vectoring system incorporating a

universal joint between the propulsion system (i.e., point of thrust
application) and the astronaut (24). This design was based on the
fact that a two-body system, when acted upon by athrust misaligned
with the center of mass, will undergo a relative positive change of
the two bodies so that the mmoment arm of the applied thrust tends
to decrease with time. Since the operator, with his inherent vari-
able damping features, can minimize oscillations the system can be
considered to be dynamically stable.

Zero-G Belt - A high pressure nitrogen gas research maneuvering
device was fabricated by Bell Aerosystems Company in 1962 and
flight tested in the C-131B aircraft (36). The system incorporated
orthogonally positioned nozzles located around the man's c.g. The
thrust levels and lever arms incorporated in the design, coupled
with the oscillations of the aircraft, made it difficult to reach firm
conclusions on system controllability without some form of stabili-
ty augmentation.
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