
















































































ON FUNDAMENTAL SCIENTIFIC ADVANCES 11

Figure 1. Comet lkeya-Seki, 1965f. (Courtesy C. F. Capen and J. Young,
Table Mountain Observatory, Wrightwood, California.)

phenomena of photons, electrons and plasma waves, the complex
of solar-storm phenomena observed by radio, high-energy particles,
magnetic effects and optical means, and a host of other subtle
solar-terrestrial effects are now a part of the literature. This
literature is expanding by hundreds of pages per month; only the
specialist in each small segment of the field can keep track of the
enormous progress made in his own area. Few, if any, can follow
the entire subject.

The key to the entire subject lies in the outflowing solar wind
of a million tons per second at a velocity of some 400 km per
second. This wind accounts for the great ion tails of comets and is
measured not only by interplanetary probes but also by the
aberration of the comet tails: that is, by their tendency to trail
behind the comet’'s motion with respect to the radial direction to
the Sun. Space probes have evaluated the temperature, strength
and direction of this wind, its magnetic fields, and the variations
that are now tied to solar activity in the low corona and below.
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Figure 4. Dr. Harry Wexler's concept of North and Central America as
seen from space (circa 1952).

results obtained from the space program about the Moon, about
Venus, about the Sun, and about the other planets. You will hear
about space chemistry and basic physical experiments that can be
done from space. With respect to the Earth, I simply mention
that space science is changing meteorology from an art to a science,
with far-reaching ramifications both in theory and in practice.
In memory of the late Dr. Harry Wexler, of the U.S. Weather
Bureau, I note that the painting of the North American area from
space as he imagined and commissioned it (Fig. 4) shows a
meteorological cloud pattern almost exactly like that in the first
ATS satellite picture (Fig. 5).

Not only are weather forecasting and intercontinental com-
munication being revolutionized by satellites but new space tools
are being sharpened for study of the Earth’s surface, oceans, flora
and fauna, geological deposits, and basic Earth structure
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Figure 5. First Earth photograph by U.S. applications Satellite I, December
9, 1966, from an altitude of 23,000 miles. (Courtesy National Aeronautics
and Space Administration.)

In the realm of my own activity, satellite geodesy has reduced
the uncertainties in worldwide geodetic positions from 100 meters
to 10 meters, tying together the geodetic nets of the world with
this increased accuracy. Furthermore, it is unravelling the twists
and warps in these geodetic nets in a fashion that is a delight
to old-time geodesists. The observations give us a huge store of
factual information about the gravitational field of Earth as re-
lated to its still poorly understood internal constitution and local
deviations. The oblateness of Earth represents the second-order
zonal harmonic; the “pear-shape,” the third-order term. Now
more than the 20th-order terms are determined, and we are in
the process of determining fifteen orders of the fesseral or longi-
tudinal terms. The “1966 Smithsonian Standard Earth” involved
the solution of some 80,000 simultaneous equations for 100 un-
knowns. (See Fig. 6 for the contours of constant gravity with
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Figure 1. Photograph of a Peruvian Indian native living in Puno, at an
altitude of 4,300 meters.
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Figure 2. Native residents playing soccer football in Ticlio, Peru, at an
altitude of 4,800 meters.

In the first group, we have to consider hyperventilation, re-
duced A-a gradient for oxygen, polycythemia, modifications in the
blood acid-base balance, and changes in the affinity of hemoglobin
for oxygen. There is still some controversy concerning the patho-
genesis of some of these processes, and this is especially true in
regards to the increase of pulmonary ventilation which occurs at
high altitudes, at rest and during exercise, both in the resident and
in the newcomer. Some investigators are of the opinion that
hypoxia per se does not constitute a stimulus to the respiratory
center activity. From a considerable number of observations, we
are inclined to think that this opinion is not exactly correct, al-
though it is evident that the most important factor for the develop-
ment of hyperventilation is the presence of a hypersensitivity
of the center to the stimulation of the blood CO. tension. The
ventilatory response curve to CO, is shifted to the left when plotted
against the tension of this gas.

The decrease observed by us in the oxygen gradient between
alveolar air and arterial blood is probably related to the increased
ventilation, modifications in the ratio with perfusion, the larger
size of the alveoli (residual air volume is higher than at sea
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Figure 1

b. The gravitational forces
¢. Solar radiation.

All of these are important to man’s survival—be it on Earth or
in space. Of these, the validation and selection of the atmosphere
most easily lend themselves to laboratory investigation. The
gravitational forces, ranging from a resultant zero in orbit to 8 g
or greater on launch and reentry, have been the subject of many
speculations, studies, and symposia—as have the nature and
identification of solar radiation hazards. Although tremendous
progress has been made in each of these areas since the First
International Symposium held in San Antonio in 1951, there is
still a real scarcity of data regarding the interaction of these
various environmental entities. This information will undoubtedly
come to us as longer duration manned and animal space flights are
experienced.
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WEIGHTLESSNESS

The weightlessness condition remains one of the primary en-
vironmental concerns of future spaceflight. Extensive research
has been reported using bed rest, other types of inactivity, cast
immobilization, and water immersion techniques. Each of these
techniques has undesirable features, but the validation of man’s
ability to adapt to this condition has resulted from United States
and Russian spaceflights. Cardiovascular deconditioning and al-
teration in mineral metabolism are certainly most prominent
among the physiologic problems identified with man as a space-
craft occupant. Figures 1, 2, and 3 depict changes in maximal
oxygen intake, plasma volume, and heart rate following tilt table
testing, which occur in human subjects when exposed to bed rest.
The state of initial physical conditioning is also considered by
showing the influence of vigorous and of moderately vigorous
physical training prior to exposure to bed rest. These can be easily
compared to a control or to subjects not pre-exposed to physical
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training. The average physical activity conditions will be seen on
the charts in Figures 1, 2, and 3 at the 100% point on the ordinate.
These physiologic changes can be further noted by following the
activities through a post-bed-rest or retraining phase. Of partic-
ular importance is the resistive type of protective effect of prior
conditioning and the restorative type of protective influence of-
fered by exercise during the bed-rest phase.

In Figure 4, the changes in calcium metabo.sm are followed
prior to, during, and after, approximately 7 weeks of immobiliza-
tion by plaster casts: similar to the technique one would use to
allow broken bone rehabilitation. While there remains some con-
troversy regarding the extent of demineralization in spaceflight
and the most effective countermeasure for it, it is safe to generalize
that changes do occur such as occur in bed rest, cast immobiliza-
tion, or other prolonged inactivity. It is also safe to generalize
that a considerable elucidation on this subject can be expected in
the near future from the sophisticated research presently in prog-
ress. The research represented in Figures 1 through 4 has been
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Figure 4

summarized in this very excellent fashion by Dr. John W. Ord
of the USAF Aerospace Medical Division. The introduction of
mass measuring devices for large (man) and small (biological
samples) item measurement is now a reality. Such devices have
been developed by Dr. William E. Thornton and his associates, also
of the Aerospace Medical Division. These devices work with great
accuracy and can be produced as hardware qualified for space-
flight. (See Figure 5.) This will provide the capability to study
on-board activity with considerably greater fidelily than has been
possible in the past. The availability of lower body negative pres-
sure devices (see Figure 6), total body exercisers and variable
gradient pressure garments make the development of physiologic
countermeasures to weightlessness impairment an exciting and
promising area of research with a high probability of beneficial
results accruing. Figure 6 shows a lower body negative pressure
device, one of the promising techniques being evaluated as a pos-
sible weightlessness countermeasure. It is encouraging in the
protection give the ecardiovascular system in particular. Other
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Figure 5. Prototype hardware of a mass measuring device for use in future

Figure 6. A procedure for producing and measuring negative pressure applied
to lower portion of the body.
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Table 2

AMD 85~ 52/5

-'

ISOMETRIC EXERCISE
'STANDING-WALKING, FORCE LOADED
ISOTONIC EXERCISE
. FORCE LOADED, ISOTONIC EXERCISE
HRERE] DOUBLE TRAMPOLINE OR POGO STIC
| ON BOARD CENTRIFUGE
RADIAL TSTATION ROTATION

m DIFFERENTIAL_TEMPERATURES

ELECTRIC MUSCLE STIMULATION

possible countermeasures are shown on Table 2, and a relative
grading system from 0 to 4 (0 being least effective and 4 being
most effective) is shown in Table 3. In any event, these and
similar devices shouid be thoroughly explored before the costly
and complex means of providing artificial g is sericusly undertaken.

ATMOSPHERE SELECTION

The potentis' atmospheres which provide an engineering choice®

are listed as follows:

14.7 psia — 760 mm Hg — Air, ambient composition

10.0 psia — 520 mm Hg - Air, ambient composition

7.0 psia — 365 mm Hg - 469 0,/54% N, (He, Ne, Ar, ?)

5.0 psia — 258 mm Hg - 71% 0,/29% N, (He, Ne, Ar, ?)

5.0 psia — 258 mm Hg - 100% O,

3.7 psia — 191 mm Hg - 100% O,

3.0 psia - 158 mm Hg - 100% O,
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Table 3

1 ; ‘AMD 65-524
FFECTIVEN WEIGHTLESSNESS

PRESS. [EXTREMITY | LOWER

DISPLACEMENT OF
MOBILE STRUCTURES

DISPLACEMENT OF
FLUID IN ELASTIC
SPACES

BODY SYSTEM LOADING

CIRCULATORY
MUSCULOSKELETAL
METABOLIC
THERMAL

VALIDATION STUDIES COMPLETED

No. of Subject Duration
Exps (Total) Environment (Days)
2 4 7.34 psia, 42% 0,/58% N, 30
2 1 5.0 psia, 97% 0,/2% N, 14
2 8 5.0 psia, 99% ()_, 0.3% N_, 30
1 4 13.5 psia, 33% ()_. 67 % N: 30
2 14 7.0 psia, 46% 0./54% He 15
1 4 13.5 psia, 28% 0,/69% N,/3% Co, i
1 4 3.8 psia, 63% 0,/26% N,/11% CO, 4
2 5 13.5 psia, 20% 0,/78% N,/3% Cco, o
1 4 7.0 psia, 689% 0,/299% He 56

(References 4 through 11)
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From the potential atmospheres, a large number of variations
have been investigated, and a general conclusion can be drawn
that none of the altered atmospheres shown above cause func
tional difficulty in man for the times shown. More recently, the
National Aeronautics and Space Administration with a contract
to the McDonnell Douglas Company has completed a 60-day experi-
ment using human subjects under conditions of 258-mm Hg total
pressure, with approximately 68'¢ oxygen and 329 nitrogen. No

problems during this experiment were noted fr the physiologic

evaluation of the ibjects; at least no functional physiologic im
pairment could be detected. This experiment served not only to
validate this atn phere for a 60-day P riod but also to validate

the capability to regulate such an atmosphere for the 60-day period

with a prototype spacecraft environmental control system

ir. B. E. Welch and associates, at the USAF School of Aero-
space Medicine, have not only been active in validating primary
atme \[!hrl‘r but also have given much consideration to the effects
of increased carbon dioxide partial pressures in the primary at-
mospheres as shown in Tables 4 and 5. The effects shown in
Table 5 are particularly important when the failure of a carbon

Table 4

CHRONIC CARBON DIOXIDE STUDIES IN MAN -

PCO2 (mm. Hy) P8 Duration ' Investigator

8 Ground Level 30 Days USSR
11-12 Ground Level 42 Days USN

15 Ground Level ~ 30 Days USSR
21 Ground Leve! 5 Days USAF
21 ;. 7 4 Days USAF
39 7 Ground Level  SDays /  USAF
30 Ground Level 10 Days USAF
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Table 5

DETECTION OF ELEVATED CO, PARTIAL PRESSURES

Effect

"« No noticeable effect.

Barely noticeable. Vg increases slightly. Arterial pH
mwﬂylnw.us\m No subjective or objective
effect on work.

Noticeable. .slmruusl-sunln. Aware of increased

Vy. Decreased pH initially. Returns toward normal with
increase in HCOy ~. Maximum exercise effort subjectively
more difficult. Headache. m

Very noticeable. Vg approximately doubled due to increased

Vy/ Decreased pH with an ill-defined return toward normal.
Syb- maximal effort subjectively more difficult. Meadache.

Table 6

COMPOUNDS SPECIFICALLY
PRODUCED BY MAN

Carbon Monoxide
Hydrogen
Methane
Hydrogen Sulfide
Ammonia

Acetone

Methanol

Ethanol

Methyl ethyl Ketone
Acetic Acid
Acetaldehyde

Mercaptans







126 BIOASTRONAUTICS AND EXPLORATION OF SPACE

Figure 7. Experimental animal and performance measuring equipment prior
to being placed into a decompression chamber.

Mexico. Figure 8 shows the extensive array of performance
parameters which are measured to give the sophisticated per-
formance index which Koestler et al. used. His results are further
shown in Figure 9 which plots the actual and the predictive results
regarding the elapsed time during which performance was totally
impaired. Figure 10 shows the data plotted in similar fashion
regarding both actual and predicted times for recovery of per-
formance to the level recorded prior to the rapid decompression.
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Figure 8. Front view of the performance panel located in front of chim-
panzee as shown in Figure 7.

Table 7 tabulates the same information shown in Figures 9 and 10
and shows the exposure times and times of useful consciousness as
well.

FIRE HAZARDS'>: 16

The increased likelihood of fire in high oxygen concentrations
has long been known. The awareness of this as a hazard has
certainly been sharpened as the result of recent tragic accidents
using increased concentrations of pure oxygen in tests and in-
vestigations. The development of fireproof clothing and other
equipment for use in spacecraft and in simulators has been given
more consideration during the past 114 years than at any previous
time. Material made from glass fibers is the most successful
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Figure 1. Tether Test Rig

Figure 1 shows one of the early tests. This was a nitrogen gas
tether test rig which was fabricated of steel tubing with two under-
arm stirrups to lift the operator. It had two downward pointing
rocket nozzles and the nitrogen gas was supplied from an external
source through a flexible hose. It was used to obtain basic data
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Figure 2. Small Rocket Lift Device (SRLD).

on system stability and control, to determine optimum location
of the nozzles, and the best position for applying the lift force to
the operator’s body.

In August 1960, the United States Army Transportation Corps
Research and Engineering Command, awarded Bell a contract to
demonstrate the feasibility of manned free flight by such a device.
The feasibility configuration shown in Figures 2 and 3 was designed
around off-the-shelf hardware and is remarkably similar to the
unit that has been demonstrated around the world. Lift was pro-
vided by a 300-pound thrust hydrogen peroxide gas generator
located behind the pilot’s neck and supplied from pressurized tanks
on the pilot’'s back. Insulated tubing carried the rocket exhaust
gases to the nozzles located outboard of the pilot. The system was
mounted to a fiberglass corset molded to fit the operator’s body,
and lift was applied primarily by lift rings which fit under the
operator’s arms.
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Figure 3. Small Rocket Lift Device (SRLD).

Concurrently with the empirical testing of the control system
on the tether rig, mathematical models describing the flight dy-
namics of the system were developed, and the equations of motion
representing pitch, translation, and vertical motions of both the
upper and lower body of the operator were programmed on a
computer and simulation studies investigating system control were
then initiated. Figure 4 is an example of one of the three-body
models used for developing simulator models. Later, rigid body
models proved to be sufficient, since motion of the lower legs had
a minimal effect on the control equations.

As a result of these studies, and the continuing test flights,
one change was made in the system to enhance stability and con-
trol. In the original feasibility unit, the two rocket nozzles had
been gimbaled with three degrees of freedom such that they could
be rotated to produce pitch, roll, and yaw control moments. Because
of the sensitivity of the device, the pivot behind the operator’s
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Figure 8. Jet-Powered Individual Life Device.

performance requirements, Bell is presently under contract to
the United States Army, and the Advanced Research Projects
Agency for the development of a new backpack unit using a small
turbojet power plant. Figure 6 shows a mockup of this jet-powered
version.






ONE-MAN PROPULSION DEVICES 141

Figure 7. Flying Chair.

Finally, we have developed and flown a two-man POGO (Fig. 9),
which may have application for rescue missions on Earth and also
serves as a test vehicle for studying two-man lunar flyers.

This long background of experience in small lift devices here
on Earth has lead us naturally into applying the same technology
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Figure 8. Rocket POGO Vehicle.

to individual mobility devices for use in space, either on or over
the surface of the Moon, or for extravehicular activity in orbit.
Turning first to lunar propulsion devices, there is a variety of
missions which might be accomplished or supported by lunar flyers.
Some of them are listed in Table II.

Surface Exploration

The initial lunar landings involve numerous short excursions
from the lunar module for general scientific observations, collection
of soil and rock samples, and gross measurements of the physical
characteristics of the lunar surface. While these tasks can be
accomplished by the walking astronaut, or by various types of
lunar crawlers, the availability of a lunar flyer would considerably
enhance the radius of operation and reduce the total extravehicular
time required.
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Figure 9. Two-Man Rocket POGO Vehicle.

Emplacement of Scientific Instruments

Instruments could be emplaced at greater distances from the
lunar module. This, of course, would allow a greater range of
selection of monitoring sites, as well as a greater number of
separate sites.
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Figure 10. Spectrum of Maneuvering Aids.

There are basically three control system concepts which have
been proposed for use with space propulsion devices, whether they
be used for lunar flying, or for orbital operations. They include
those vehicles which are controlled by shifting body weight (i.e.,
kinesthetic control) ; vehicles which have stability augmented con-
trol systems of one kind or another; and those controlled by manual
thrust vector positioning, such as derivatives of the Rocket Belt
or Rocket POGO. Bell Aerosystems has concentrated largely on
the latter two classes.

Figure 10 shows some of the variations in configuration which
we have studied. On the right-hand side are some of the Lunar
Flying Vehicle concepts we have worked on. At the upper right
are one-man and two-man automatically stabilized versions. These
use orthogonally mounted attitude control thrusters with on-off
attitude commands generated by a 3-degree-of-freedom sidearm
controller. The configurations shown would be capable of approxi-
mately a 15-mile radius round trip, or a 50-mile one-way flight.
They could carry up to 300 pounds of scientific equipment, and
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Figure 11. Lunar Flying Vehicle Mockup.

would be powered by four 100-pound thrust bipropellant rocket
engines. At the bottom right are one-man versions of thrust
vector control devices.

Figure 11 is a closer view of a mockup of one of these devices;
a more sophisticated version of the Rocket POGO device. They
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Figure 14. MVMU Test Unit.

three thrusters: two firing forward, and one rearward. In this
respect, it is similar to the hand-held thruster unit used on Gemini
flights 4 and 10. Control in the three axes is obtained by moving
the hand controllers in much the same manner as described earlier
for the Rocket Belt.

Figure 14 shows a prototype unit of the MVMU which is cold
gas powered and which has been used for Earth testing. It is made
of off-the-shelf components and is not a flight weight system. The
flight weight system would be simplified and could be hydrazine
powered.

The choice of which type of a system to use for a given orbital
mission (stability augmented or thrust vectoring devices) depends
upon the range involved, the time available for the maneuver, and
the type and amount of instrumentation and supporting equipment
available. In over-the-surface operations, either on Earth or on
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The next two pictures are taken inside a full-scale mockup at
the Marshall Space Flight Center. Figure 5 shows the loorways
leading into three of the four rooms on the main deck. These
rooms will be used for sleeping compartments, waste management,
and food preparation. These are all elements in one of the major
test programs associated with the wet workshop; namely, that of
ascertaining the habitability characteristics required to support
astronauts in space.

Figure 6 shows equipment for one of the elements of the very
thorough medical test programs which will be another main feature
o’ the Apollo Application mission. This is the ergometer, which is
the bicycle-like device in the foreground of the second picture. Also
shown are three subjects, one seated in a Barany chair which is
another piece of test equipment for medical experiments. This
second picture shows more clearly the area outside of the rooms
equipped with experiments which have been brought into the area
from their stowage place in the docking adapter.

NASA-S-68-3286

S-IVB WORKSHOP
MOCKUP EXPERIMENT AREA

Figure 6
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NASA-5-68-3289

AAP ORBITAL WORKSHOP WITH LM/ATM
SOLAR EXPERIMENT ATTACHLD

Figure 7

The Apollo Applications Program also will include a major
science experiment, a solar observation experiment which will be
launched and rendezvoused unmanned with the wet workshop and
which will be docked by an astronaut located in the docking adapter,
using remote control. A view of this experiment located on the
workshop is shown in Figure 7. This experiment will provide us
with two very important steps toward our future space station
programs. First, it will be our first chance to link man with a
really complex scientific experiment and thus to explore his capa-
bilities to function with such devices. Secondly, we will be develop-
ing techniques and equipment for sending experiments and supplies
to a space station in an unmanned mode. This mode may be an
important method for logistic supply in the future.

It is apparent from this brief description that the wet workshop
will be fulfilling the role of a prototype space station. It will pro-
vide a generous living volume, the essential power and communica-
tions systems, and it will be operated over a period of time. Thus,
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Figure 13

seen. The agricultural utilization along the valley of the Rio
Grande can be viewed over a large area. Unique volcanic features
are seen to the west of El Paso. Snow covers the higher peaks
of the Sacramento Mountains to the east of Alamagordo. The
unique capabilities of space photography result from the broad
synoptic view of large features which can be seen in a single
photograph. Large mountain systems can be visualized in a single
photograph, and important geophysical relationships are estab-
lished over areas of up to 250 miles square. To obtain the same
information by conventional aircraft and photomosaic techniques
would require hundreds of photographs to be secured, all under
different and changing conditions, and a cumbersome assembly
would be required.

The next photograph, Figure 14, indicates another use for
space observation—oceanography. It shows quite plainly the
eastern edge of the Gulf stream for a distance of about 50 miles.
Techniques are being developed for routine observation of the
ocean ; the measuring of its temperatures, sea state, and currents.
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Figure 14

But photography covers only a very sm=li part of the informa-
tion the Earth is sending into space. Figure 15 shows a concept
of electromagnetic Earth sensing equipment which would have the
capability of measuring the Earth’s surface over nearly the entire
electromagnetic spectrum. The large variety of experimental
equipment which will be of interest in this area of investigation
can easily be seen; and again, the rather significant size of the
sensors is noticeable. There is little doubt that this field of en-
deavor holds great promise for future applications of direct benefit
to a wide variety of professions and occupations, as well as to the
scientific community in general. It will probably be so useful
that we will want to spread its benefits to other nations, especially
those nations which are just emerging into the world of modern
industry and agriculture. This use of our space abilities may well
become a great force for international cooperation and I, personally,
look forward to the day when our space station crews will contain
representatives from all the nations of the world.













172 BIOASTRONAUTICS AND EXPLORATION OF SPACE
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200 BIOASTRONAUTICS AND EXPLORATION OF SPACE

GEMINI EVA SUMMARY

Figure 4. Gemini EVA Summary.

work during this initial extravehicular excursion; that is, there
was no requirement for the astronaut to remain at a fixed location
to do a particular task.

The first EVA mission was followed by three missions which
increased the demands on the extravehicular crewmen. One of
these experiences produced only moderate increases in heart rate
and what was estimated to be workloads, whereas, two were
aborted owing to heavy exertion producing heat and sweat which
could not be handled by the suit environn_ental system and, also,
owing to crewman fatigue. The best example of the latter occurred
on Gemini XI where the EVA crewman’s heart rate was from
170 to 180 and his respiration rate was 40 a‘ the time of peak
activity.

Only one lead of electrocardiogram and respiration has been
available for real-time monitoring of the extravehicular crewman.
There has been no way to determine the actual in-flight metabolic
cost of the activity in which he has been engaged. In an attempt
to estimate this, the capacity workload of the crewmen has been




ORBITAL FLIGHT RESULTS 201

S.66.11983 GEMINI IV

EXTRAVEHICULAR ACTIVITY

Figure 5. Gemini IV extravehicular activity.

measured in preflight testing using a bicycle ergometer. This has
allowed the medical team to plot heart rate versus work output
in a laboratory situation. While it is realized that there are many
unknowns in trying to compare these data with the actual in-flight
situation on a real-time basis, the laboratory data have given a
general idea of the work involved when used in the context or
the actual situation as determined by voice, heart rate, respiration,
and known activity.

Prior to the Gemini XII mission, it was obvious that the basic
laws of physies producing action, reaction, and the need to stop
an action, the difficulty in trying to maintain a fixed position to
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do a task, the problems of mobility in a 3.5-psi suit, and some
amount of in-suit heat load and carbon dioxide level in the helmet
all combined to produce the undue fatigue noted on the Gemini XI
mission. Some emotional response was certainly involved but
probably played a small role in this myriad of factors. In an effort
to assess more accurately the nature of the metabolic costs, detailed
monitoring of the Gemini XII pilot was accomplished in the pre-
flight simulations in the hard suit at 1 g, in simulated Zero-g
underwater and in zero-g aircraft flights (Figure 6). Exercise

Figure 6. Gemini XII underwater training.



ORBITAL FLIGHT RESULTS 203

ergometry was obtained, and, in addition, exercise tests which
could be used in flight and compared with the preflight observa-
tions were done to give us a very rough idea of the significance
of the factors (other than strict physical work) involved in pro-
ducing our heart rate changes. Responses to this exercise in flight
were amazingly identical to those of the preflight baselines. In
addition, the heart rates observed during extravehicular activity
on the Gemini XII mission were all at acceptable levels and remark-
ably similar to those observed during the underwater simulations.
The Gemini XII (Figure 7) mission has given us much confidence
in man’s capability to perform extravehicular work if he is properly
tethered so as to allow him to utilize his efforts strictly at the
task, if he has propulsion capability or a method of reaching the
task by handhold, and, finally, if the tasks are programed with
proper rest periods. Much is still to be learned about the metabolic
cost of EVA in a hard suit

The translation of physiological requirements into engineering
reality has proven to be a continuing problem for such biosupport

‘ GEMINI XII
EXTRAVEHICULAR ACTIVITIES

Figure 7. Gemini XII extravehicular activities.
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URINE COLLECTION DEVICE

Figure 8. Urine collection device.

items as environmental control systems; food, water, and waste
management systems; and bioinstrumentation. The normal re-
quirements of living which we take so easily for granted here on
Earth become difficult problems for the physician and engineer. A
typical example is the waste manigement problems which were
first encountered in the longer duration flights in the Gemini
Program. The systems used for handling liquid and solid wastes
are shown in Figures 8 and 9. The Apollo waste management
system is shown in Figure 10. The urine system was made ex-
cessively complicated in an attempt to obtain urine volume data
and an adequate sample, and to provide an overboard dump
capability. This created operational problems in its use. The fecal
disposal system was decidedly simple, but left much to be desired
from an aesthetic point of view. It could, indeed, be called
primitive by modern housing standards. While development to
meet stated requirements was attempted for the Apollo Program,
it appears that we will use the Gemini waste management systems.
A great deal of engineering ingenuity is required if we are to
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FECAL BAG

Figure 9. Fecal bag.

provide the necessary habitability to enable man to perform at a
peak level in long-duration spaceflight. The time has come to
not build an airplane cockpit but to build a house in order to
sustain man for the long periods necessary. This will indeed call
forth all the ingenuity of both the engineer and the life scientist.

THE APOLLO PROGRAM

The spacecraft volume and the operational and technological
complexities which must be mastered during the Apollo Program
have made it necessary to defer attempts to conduct more elaborate
and meaningful in-flight biomedical studies until after the lunar
landing goal has been achieved. It is planned to confirm the
Gemini data with adequate preflight and postflight observations
on every possible flight. These will involve blood volume and
red-cell mass studies, lower body negative pressure, X-ray den-
sitometry, biochemical studies, and exercise response. Documenta-
tion of these data will only place us on a firmer footing on the
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APOLLO WASTE MANAGEMENT EQUIPMENT

Figure 10. Apollo waste management equipment.

second plateau. We have not, and still will not, obtain any data
on real-time changes prior to the follow-on programs to the Apollo
Program. A new requirement has resulted from the quarantine
requirement on lunar return. The crew and spacecraft microbial
flora will be documented, preflight and postflight.

APOLLO APPLICATIONS PROGRAM (AAP) — THIRD PLATEAU

Two flights are currently programed for the 1970-71 period,
one to be of 28 days’ duration and one to be of 56 days’ duration.
The workshop will consist of the Apollo command module, a
multiple docking adaptor, an airlock, and a spent hydrogen stage
(SIVB) that will be converted into living quarters and a laboratory
(Figure 11). One of the prime objectives of the AAP is the
qualification of man for a longer duration flight. Certain critical
in-flight biomedical measurements are required to insure success
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Figure 11. SIVB workshop.

in manned missions lasting 2 months or longer. Physiciogical
changes have consistently been observed which could reduce the
overall capability of man to cope effectively with the stresses of
reentry and landing, and with in-flight emergencies. It is impos-
sible with present knowledge to describe the rate of onset of
deleterious physiological changes or to determine the relative im-
portance of weightlessness as the primary causative factor. Fur-
thermore, very little is known of the influence of such man-made
environmental features as the physical confinement, the oxygen-
rich atmosphere, or the acceleration profiles of reentry. If the
changes observed should be continuous as a function of mission
duration, difficulty would be likely upon landing after a 2-month
mission. The capacity of the human organism to accommodate
to environmental stresses must be appreciated as well as his ability
to acclimatize and perhaps even adapt to continuing major altera-
tions in the external environment.

It is encouraging to observe the general similarities in the
postflight condition of the astronauts in the 8- and 14-day missions.
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Figure 13. Lower body negative pressure device.

The conduct of the metabolic experiment will require that the
habitability hardware, food, water, waste management, personal
hygiene, and sleep stations be configured in the best state-of-
the-art knowledge, and that they be available for the early portion
of the flight. The workshop itself could be utilized to test ad-
vanced concepts in habitability and to try various experimental
concepts.

CONCLUSIONS

Then what is necessary to qualify man for still longer duration
spaceflight? Data must be obtained from an adequate sample
(preferably six crewmen) for flight durations of 6 months in
order to give adequate prognostic capability for flights in excess
of this duration. A 6-month period would give us reasonable
assurance that all the body’s systems have had ample time to
show evidence of change and, if possible, acclimatization.

The efforts must not be limited to orbital flights, however.
Man must be used to explore the universe, to go to the planets,





















GEOLOGIC ORBITAL PHOTOGRAPHY 217

‘sjuawdas yyed-yydiy juaoelpe jo uonyeaedas
PUW SUOROMISA pmine| MoN porad Iy-pz ¥ Fuunp paiascd seadw Jupmoys ‘dew yed-ydy uwen [eadLy ‘| ssndiy










BIOASTRONAUTICS AND EXPLORATION OF SPACE

7 Sl
R

4
v

Figure 2. Northern Baja California, Mexico, showing an area about 70 miles
wide (North at top). Agua Blanca fault zone at lower left, parallel to space-
craft window. Note semicircular pluton north of Agua Blanca fault at center.
Dark areas are generally mountains; light areas, valleys or coastal desert
near Gulf of California. Gemini IV photo; original in color.

lateral displacement. Evidence for this conclusion lies in the circu-
lar feature, underlain partly by a granite pluton and partly by cre-
taceous sedimentary rock. This outerop pattern is consistent with
vertical displacement, but the circular structure is apparently not
offset laterally.

The usefulness of orbital photographs in revising geologic maps
and in studying regional structure is demonstrated by Figure 3
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Figure 3. Northern Chihuahua, Mexico, and Southwestern New Mexico,
showing an area about 70 miles wide at the top of the picture (North at top).
Palomas volcanic field at center; West Potrillo Mountains volcanic field at
upper right. Note gradation of structure from folded mountains at lower
right to block-faulted mountains at upper left, trending about N60° W. Tres
Hermanas Mountains are just north of the Palomas volcanic field; the Florida
Mountains are just north of them, at top center; both are surrounded by
conspicuous pediments. Gemini IV photo.

(Palomas), a later picture in the overlapping series by MeDivitt
and White (Lowman, McDivitt, and White, 1967). This photo-
graph shows part of Southern New Mexico and Northern Chihua-
hua, Mexico. One of the most conspicuous geologic features on it
is the large volcanic field in the center, which will be referred to
as the Palomas voleanie field, although some maps show it as the
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Figure 4. North-Central Africa, looking northwest over Libya, Chad, and
Egypt. Tibesti Mountains, with Emi Koussi, are at left. Concentric pattern
in foreground believed to be combined erosion and dune features. Circular
feature at center is the unknown structure discussed in text. Gemini IV photo.

seems more likely, in view of its proximity to the vast Tibesti
voleanic field ; a salt or sedimentary diapir may also be responsible.
However, an impact origin should also be considered, and, in
particular, evidence of shock metamorphism should be searched
for in rock from the center of the disturbance.

Pictures taken in the vicinity of the Arabian Sea on Gemini IV,
XI, and XII were used by Lowman in 1967 to study the possibility
of continental drift in this area. Carey proposed (1958) that the
Arabian Sea (Fig. 6) is a “sphenochasm,” or wedge-shaped rift,




GEOLOGIC ORBITAL PHOTOGRAPHY 225

Figure 5. North-Central Africa, looking toward the northeast, over Libya,
Chad, and Egypt. Mediterranean Sea is at upper left. Marzuq Sand Sea is at
lower right; Haruj al Aswad (recent volcanic field) is at left center. Tibesti
Mountains are at upper right, note concentric ridge and dune features.
Gemini XI photo.

produced by rotation of the Indian subcontinent away from the
Arabian Peninsula and Africa. This theory is based partially on
the belief that the Oman Range and the Kirthar and other ranges
in West Pakistan are the disrupted ends of a formerly continuous
structure. The Gemini photographs contradict this theory in three
ways: First, they show (Fig. 7) that the Oman Range turns south
at the East end of the Arabian Peninsula, rather than east, as
formerly supposed. Secondly, they demonstrate the strong dis-
similarity in physiography between the ranges of the two areas.
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Figure 6. Eastern half of the Arabian peninsula, looking northeast toward
Iran and the Persian Gulf (right), Pakistan (top center), India and Arabian
Sea (right). The Oman Range is just above Agena transponder antenna, at
center. Photograph was taken from about 260 nautical miles during the high
revolutions of the Gemini XI flight.

Third, they demonstrate an equally strong dissimilarity in lith-
ology; the ranges of Sind (Fig. 8) are primarily sedimentary rock
of great thickness, and the Oman Range is primarily a geanticline
of igneous rock mantled by relatively thin sedimentary rock.

Arguments that these differences are to be expected in view
of the considerable distance between the two areas can be answered
by still another orbita! photograph (Fig. 9) showing the prevailing
continuity for great distances along strike characteristic of the
Makran Ranges. It appears, in summary, that there is no close
relationship between the Oman Range and the supposed cor-
responding ranges in West Pakistan; to the extent that continental
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Figure 7. Eastern end of Arabian Peninsula and the Ras al Hadd; Oman Range
is at upper left. Wahibah Sands are at lower left (North at top). Note the
pronounced southward trend of the structure at center. Gemini IV photo.

drift in this area is based on such a relationship, the Gemini
photographs tend to disprove its reality.
ADVANTAGES OF ORBITAL PHOTOGRAPHY

In comparison with aerial photography, orbital photography
for geologic purposes appears to have the following advantages.
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Figure 8. Kirthar Range, West Pakistan, and Indus River (right) (North
at upper right). City of Karachi is the small dark spot on the coast, just
above the spacecraft’s nose. Note discordance of Kirthar Range with coast.
Gemini XII photo.

Large Area Per Picture

This is of course the most striking difference between photos
taken from aircraft and those taken from spacecraft. Standard
vertical airphotos generally cover an area measuring roughly 3 to
9 miles on a side, whereas vertical orbital photos, such as those
shown here, typically measure at least 70 miles on a side. The
importance of this for geological studies is that it becomes possible
to see large features on one picture, such as the volcanic field south
of Palomas, and to see regional structure covering immense areas.
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Figure 9. View of the west over the Central Makran Range, West Pakistan,
and Iran. Note prevailing continuity of structure along strike. MA-9 photo.

The question naturally arises as to whether this coverage can
be duplicated with mosaics (Lowman, 1967). The answer appears
to be that even if a mosaic of a given area can be prepared (and
this is not possible for many remote or restricted areas or be-
cause of the expense), the dodging necessary to remove tone
differences between adjoining pictures necessarily removes con-
siderable tonal or color information of geologic importance. Fur-
thermore, the mosaic does not provide stereoscopic coverage of
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Figure 10. Gemini VII view to the North over the Dead Sea; the Mediterranean
Sea is at left. Prevailing haziness of photograph in center is the result of
deposit on spacecraft’s window.

the best technique in the long run will be to have the cameras
completely outside the spacecraft, or at least exposed directly to
space, during photography. This would also eliminate the problem
of restricted spectral transmission: windows on the Apollo com-
mand modulg, for example, do not transmit much radiation beyond
about 8000 A.

A related situation that could affect orbital photography is the
existence of what amounts to a transient atmosphere around a
spacecraft. First noticed during the MA-6 flight (Glenn, 1962),
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Figure 1. The Sun photographed in the light of the Ha line of hydrogen.
Note the active center near the center and a second one below it. A third one
is visible at the 2 o’clock limb. The ordered fibrous structure in a largz circle
around the upper center is typical. The irregular dark objects are promi-
nences high above the surface.
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Figure 2. A small sunspot of the simplest type in white light. Note the
convective granular structure of the surrounding solar surface.

become five to twenty times as brilliant as its surroundings in 5 to
20 minutes. It then fades slowly, dropping back to background
intensity in 10 to 150 minutes. Flares vary in size from 1000 to
150,000 km in diameter, and, as a general rule, the larger ones
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Figure 3. Detailis of a medium flare in a sunspot group.

change less rapidly than the little ones. Along with these con-
spicuous visible changes, the flare has a number of invisible
features, some of which we have become aware of over the years
by quite different methods of detection. The first detector used
was the atmosphere of the Earth. The fluctuations in atmospheric
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Figure 4. A large sunspot group of the  ype likely to produce flares.

ionization, measured by radio sounders, are a pretty rough indica-
tion of what is going on, but they have the enormous advantages
of being free and being always on active watch for flare effects.
Now that we can send highly sophisticated packages “into orbit,
however, we are learning a great deal more about flare radiations
than could ever be deduced from atmospheric responses.
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Figure 5. A sample of the relatively rare loop prominences standing above
the solar limb. The disk of thea Sun has been artificially eclipsed in the

telescope.

these signals. The structure which is visible around a sunspot
group through an Ha filter is always beautifully complex, with
thousands of little, dark, fibrous markings and all imaginable
configurations. Occasionally, in active groups, the markings are
arranged in a highly ordered fashion, in the form of a rosette or
of a vortex around a large spot. You can see this in the region
around the big spot in Figure 1. Possibly, the observers, after
some years of looking at solar uctive centers, are unconsciously
sensitive to less obvious degrees of order, and they develop from
this the premonitory sense they seem to have. Whatever it is, the
statistics show that the observers’ premonitions are not entirely
idle.

It is not altogether simple to estimate the success of a predic-
tion program of this sort. For one thing, the user of predictions
and the solar physicist will have different definitions of success.
The former will consider the program successful if the time inter-
vals that are predicted safe turn out to have fewer flares than a
random selection of equal time intervals. The solar physicist, on
the other hand, is dissatisfied unless the program leads on to new
insights about the Sun, whether the predictions are accurate or not.
As matters stand, he is very much dissatisfied.
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Figure 42. Nuclear pulse interplanetary vehicle concept.

Figure 43. Nuclear pulse-driven interplanetary spacecraft during powered
flight.
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about its center axis. Downward is now at right angle to the center
axis, but in the same direction within the frame of reference of
the cylinders. Figure 44 shows the vehicle in coast mode. Figure 45
depicts the functional arrangement of a CTR driven HISV concept.

Figure 44. Nuclear pulse-driven interplanetary vehicle during coast with
extended mission modules, spinning slowly to provide artificial gravity.

.Figure 45. Controlled thermonuclear reactor vehicle concept (schematic).
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Payload fraction
W;o A

A 1 (payload mass per unit initial mass) (18)
w, X

Propellant mass factor

p (propellant mass expended per (19)
Wia A (x/A) 1 init payload mass transported)

and the inert mass factor

W.o 1 1—-x
i p( 1) (inert mass required per (20)
Wi, X (x/A) -1 unit payload mass

transported)

It is obviously desirable that x and A be large and that p and i
be small. The propellant fraction A relates the vehicle integration

Figure 47. Thermonuclear powered interplanetary carrier approaching aste-
roidal mining station
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Figure 5. Effect of immobilization on architectural changes of lumbar
vertebra in the monkey. On the left sagittal section of a vertebra from
an animal immobilized for 60 days in comparison to the vertebra of a
control animal on the right. From Kazarian (21).

Figure 7 shows the external appearance of lumbar vertebrae
from a normal rhesus monkey. In contrast to this, Figure 8 shows
a similar vertebra from an animal immobilized for 60 days. The
most notable feature is the marked resorption of cortical bone—
particularly at the sites of muscle and ligamentous attachment.
Notice also what appear to be numerous resorption channels
which have formed over the external surface of the cortex. Disuse
atrophy of the skeletal muscles was also demonstrated by using a
technique which estimated the volume of corresponding control
and experimental muscle masses. There was approximately a
30% reduction in the energy required to separate tendons from
the periosteum overlying these areas of porous cortical bone. In
animals exposed to 4G, impact following immobilization, compres-
sion fractures of the thoracic vertebrae occurred at energies which
were also approximately 30% lower than those required to produce
similar injury in control animals.

Figure 9 shows similar osteoporotic changes in the head of the
femur in comparison to control animals (shown on the left). Note
that the trabecular stiucture, as well as the cortex, is reduced
in volume.
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Figure 7. External surface of the vertebra from a normal rhesus monkey.
From Kazarian (21).

increases the probability of bony injury due to loss of the support
that normally would be provided by the muscles.

Although the rhesus monkey, a subhuman primate who is fairly
analogous to man, is a useful experimental animal for these studies,
it is apparent that the growth and maturation rates of this animal,
as well as other dissimilarities between this species and man, make
it necessary to evaluate the quantitative results of these data with
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Figure 8. External surface of the vertebra from a monkey immobilized for
60 days. Note the resorption of bony material particularly at the site of
insertion of wvertebral muscles From Kazarian (21).

some caution. The similarity of whole body immobilization to that
of the situation encountered in weightlessness is also subject to
reservation, although the similarity of general pattern observed
in man between bed rest and the limited observations of astronauts
under operational conditions leads one to believe that the qualita-
tive results of these experiments can be accepted as being likely
analogues to the operational situation.

It seems reasonable to conclude, therefore, that considerabie
attention must be devoted in future ground-based experiments, as
well as in longer duration spaceflight missions to the factors which
lead to the altered structure and metabolic changes in bone which
are associated with weightlessness. It is difficult to propose an
effective countermeagure against this phenomenon in the absence
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Figure 9. Sagittal section of the head of the femur from (left) normal and
(right) from an animal immobilized for 90 days. Kazarian (21).

of definitive knowledge of the mechanisms which are involved
in maintaining normal bone geometry. Preventive measures which
come to mind are artificial gravity, hormone therapy, and physical
exercise—although, to date, none of these have been validated.
Tailoring of reentry acceleration profiles, as previously indicated,
and optimization of support and restraint systems to reduce the
bending and loading of bony structures can also be considered.
Adequate methods for impact attenuation to reduce the effect of
the accelerations associated with post-reentry ejection and escape,
as well as with ground landing impact, will need consideration in
future manned space missions of increasing duration.

BEHAVIORAL LOSS AND OTOCONIA DISPLACEMENT IN
GUINEA PIGS FOLLOWING LINEAR ACCELERATION

The pathophysiological effects of sustained acceleration have
traditionally been cited as being primarily related to the cardio-
pulmonary system.?* Performance limitations are usually regarded
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as those restricted by incapacitation of the motor and visual
systems.*?

Recent experiments have revealed still another potential patho-
physiological effect of this environment as it may occur under
operational conditions. This was the demonstration of mechanical
damage in guinea pigs to the saccular and utricular maculae;
sensors which detect static gravitational forces.?® Histological
evidence of this damage was significantly correlated with loss of
swimming ability and righting reflex in these animals. Figure 10
shows a dissection through saccule of a guinea pig exposed to 25 g
for a period of 195 seconds. Detachment of the crystalline maculae
from tne otoconia and dispersion of the granules in the endolymph
is clearly evident. Figure 11 shows a similar, although less severe,
detachment of the same structure produced by an acceleration of
25 ¢ for 95 seconds. The minimum acceleration intensity for loss
of the righting reflex and swimming ability was approximately
50 g, lasting for a duration of 60 seconds. Evidence of loss of the

Figure 10. View through a dissection microscope of the saccule of a guinea
pig exposed to 25 g for 195 seconds. From Parker, et al. (25).
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Figure 11. View through a dissection microscope of the middle ear of a
guinea pig exposed to 25 g for 195 seconds. From Parker, et al. (25).

otoconia from the maculae, without demonstrable behavioral
changes, may be produced by acceleration as low as 12 to 25 g
for durations of 195 to 330 seconds. Acceleration at 100 g for
30 seconds results in severe loss of otoconia from all maculae.
Recovery of swimming ability and righting reflex may take place
in from 1 to 64 days following exposure of accelerations of up to
300 g for 15 seconds. However, exposures at 400 g for 15 to
20 seconds result in an irreversible loss of the righting reflex
and a severe disturbance of swimming ability. No histological evi-
dence was observed for otoconia reformation during postexposure
periods. However, the possibility for replenishment of the gela-
tinous layer of the otoconia was suggested. Similar deficits in
righting reflex and swimming ability were also observed following
severe exposures to vibratory environments. Although the nomi-
nal operational accelerations predicted for launch and reentry are
less than those required to produce functional and anatomic evi-
dence of injury to this system in the guinea pig, this potential
mechanism of injury and its resulting behavioral deficits must
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chewing a piece of bite-size food. The dental scientists are also
investigating the effects of space environments and space diets on
the maintenance of both hard and soft tissues of the oral cavity.
Data obtained from these studies will be used as criteria for
future food development.

Further, packaging of dehydrated foods is expected to undergo
drastic changes. Packaging presently accounts for over 40% of
the weight of space feeding systems®. Recent developments in
bulk storage dispensing devices hold promise for revolutiorary
changes in packaging methods for the future. The bite-size food
dispenser shown in Figure 4 has many advantages over present
feeding systems. This device can be used to hold over 14 man-days
of food, and requires less weight and volume than the polylaminat-
ed film presently in use. In addition, the system provides greater

crew selection, requires less eating time, and requires fewer storage

Figure 4
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d/1 =17% elliptic nose
Rem|CP
216%
17.8%
174% parabolic nose
Re=107(10%)
176%

Figure 5. Laminar Profiles of Fish and Whales (from Hertel, Ref. 13).

DC-8-6l da/l = 7%
(251 passengers)

Proposed laminar profile
(Dolphin) for 300
passenger airbus. d/1=22%

Figure 6. Comparison of Conventional Fuselage (Thickness Ratio 7%) with
the Proposed Laminar Profile (Thickness Ratio 22%) Based on Studies of
Biological Forms (Fig. 5). Note: The biological prototype has maximum
volume for the smallest possible drag in the Reynolds number range for
which it is designed. The proposed air bus medcl suows the application of
another principle found in biological propulsion, which has been studied with
respect to its superior efficiency: the concentration of the thrust in the area
where the main drag occurs (from Hertel, Ref. 13).
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Figure §

EFFECT OF INDIGENOUS FUEL SOURCES ON
SPACE TRANSPORTATION

The problems of producing fuel and an oxidizer on the lunar
surface or planetary surface based on indigenous raw materials
have been studied, and a number of processes have been developed
or proposed as conceptional approaches which are derivatives of
industrially known processes that take into account the particular
operational and environmental peculiarities of extraterrestrial
application.

Since transportation cost to a lunar or planetary location is
very high as compared to the specific cost of establishment, opera-
tion, and maintenance of industrial chemical plants and its man-
power for conventional Earth use, design has to reflect extremely
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Figure 6

low weight construction, long life design, minimum-type preventive
maintenance, resistance to wear, and a very high degree of automa-
tion to save operating manpower. Also, installation and assembly
are areas which require a very high degree of sophisticated engi-
neering ; therefore, final assembly needs to be accomplished at the
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2410 pounds of cargo to the lunar surface. If fuel would be avail-
able from sources on the Moon, the 5750 pounds of fuel could be
replaced by payload (8160 lb). One could return not only the
ascent portion of the LEM back to lunar orbit but also the complete
original landing vehicle which carried the LEM, and in addition to
payload it would carry also fuel for the next landing on the Moon
on its return flight; Howard Segal has investigated cases to return
it and the command module to Earth orbit. With these two vehi-
cles, one could maintain two levels of shuttle operation between
lunar surface and orbit. Figures 8 and 9, describing the Segal
case, show a two- or three-man crew rotation case and a five- or
six-man crew rotation case, with the associated objectives to re-
turn to lunar orbit or to Earth orbit. (I did not prepare new fig-
ures, as I believe Howard Segal’s original figures make my point.)

One interim approach which could be expected to reduce Earth
logistics by a factor of ~2.3 would be an approach which would use
lunar rocks recently proven to exist on the Moon by Surveyor V.
In 1964, Dr. Rosenberg investigated the use of silicate rocks rich
in oxygen (e.g., MgSiO3;) which are expected to be abundant on
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becoming apparent. Fossilized microorganisms resembling both
bacilli and algae have recently been discovered in terrestrial sam-

ples that are 3.0 to 3.4 billion years old.* * ' Therefore, if
biological evoiution had progressed to the point where both bac-
terial and algal forms were already present 1 to 1.5 billion years

after the formation of the planet, the criticai era during which
life first appeared on Earth must have occ urred soon after the
Earth was formed, certainly well within the first billion years

The second major theme concerns the ;d'«ﬂmhﬁ number of sites
in the universe where chemical evolution, of the type envisaged on
this planet, may have taken place. The astronomers point out that
the Sun, about which the planets of our solar system orbit, is but

one of more than 100 billion stars in our galaxy, the Milky Way.

For comparison, Figure 2 presents a photograph of the neighboring

Figure 2. Great galaxy in Andromeda. Satellite galaxies are also shown.
(Courtesy of Mount Wilson and Palomar Observatories)
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Figure 4. The planet Mars.

The results of determining the surface temperature by various
techniques agree that the average surface temperature, across the
planet, is about 50° C colder than that of the Earth. Maximum
temperatures near the equator have been estimated to rise to as
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past, roughly from pole to pole. Approximately one-half of 1%
of the surface was photographed as the Mariner relayed twenty-
one pictures to Earth, the closest approach to Mars being 6,118
miles.

Figure 5 is one of the most interesting of the pictures, the
eleventh picture. This was taken from about 7,800 miles above the
planet and covers an area of approximately 25,000 sq miles. As
in other pictures of the series, numerous craters are visible over
the surface of the planet; the largest one seen here is over 100 km
in diameter. Of interest is the fact that the large crater seen in
the center has been extensively eroded so that only about half of the
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Figure 5. Mars surface fe:tures; Mariner IV picture No. 11.
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Figure 8. Microspheres produced by heating a mixture of amino acids. Seen
under oil immersion (970 x ). (Courtesy Dr. Sidney Fox.)

other life-like particles in their specimens of rocks, sediments, and
meteorites (cf. Ref. 40).

That pictures may be misleading is also apparent in Figure 2
This is a microphotograph of some of the microspheres synthesiz-.é
by Fox.'' This preparation was made by heating a mixture of
amino acids and subsequently dissolving the polymerized material
in water. As the saturated solution of “proteinoid” cools, millions
of microspheres settle out of the solution. As is seen in this
figure, the microspheres have obvious similarities to biological
materials. Indeed, with no additional information but the picture,
a team of biologists might well conclude that the sample photo-
graph showed a large variety of different organisms.

APPROACHES TO THE PROBLEM

Only some of the more obvious difficulties have been presented
in the section above. From them it is evident that any single








































































































