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HUBRRTUS STRUGHOLD
Aeroepsce Medivel Division
Brovks Alr Force Base, Tex.

Unorthodoxies and Controversies

in Planstary and Space Science

I feel very honored to have been invited to
speak at the fifth annual meeting of the Working
Group on Extraterreatrial Resources. It i not
only a great privilege but also a very difficult
task to select a suitable topic for this audience
of experts in the fields of geology, selenology,
and planetology. 1 have decided to talk about
theories which are not in accord with the present
generally accepted ones, but which should not
be ignoied because they might, after all, be
correct. I ehall discuss some freely selected
examples of unorthodoxies and controversies
with special reference to the space-life sciences.

I would like to begin with & theory proposed
in 1937 by Prof. P. A. M. Dirac of London, a
Nobel Prize winner in physica (rel. 1). He
suggested that Newton’s cerstant of gravitation
is actuelly not a constant but has decreased
slightly during the lifotime of the solar system
and continues to decreass in corfelation with
the expanding universe. This idea was not
accepted in physical science, and 2 years ago,
when I had the opportunity to talk with Prof.
Dirac about his theory, he emphasized that
most physicists are hostile to it. But & years
ego Prof. R. H. Dicke, physicist at Cornell
University, came to the same conclusion (rel.
2), and, at about the same time, Pascual
Jordan, physicist at the University of Hamburg,
published several papers in favor of Dirac's
theory (vel. 3). ‘

An acceptance of Direc's theory leads to
interesting conclusions. Generally, it is as-
sumed that the Earth is contracting like o
“shrinking apple.” This probably was the
case during the time when the protosarth
cooled off from a much higher temparature.
But after it had reached a tomperature equilib-
rium, about 1 billion years ago, the decrease

of the gravitational conatant might have be-
come the dominant factor in shaping the volume
and surface of o Earth by causing the oppo-
site of shrinking; namely, expansion. It has
been calculited that the radius of our glohe
during the past half billion years has increased
by 37 meters, and its circumference, by 600
kilometers, This tenidency to expand has led,
and still lends, to tension cracks in its crust.
This explaina why the primordial supercon-
tinents, Gondwanaland and Laurasia, were
split into & number of secondary continents,
which then drifted apart (continental drift).
Formerly, the African Continent was con-
nected with the South American Continent,
and the North American Continent, Green-
land, and Iceland were part of the Eurasian
Continent. The islands off the east and west
coasts of the United States and Cauade have
been aplit off from the continent by téension
¢racks, and there are numerous faults on the
continents; for example, the San Andreas
Fault in California.

Recently, explorers working in oceanog-
raphy have discovered fiseures of several thou-
sand kilometers in length at the bottomns of the
Atantio and Pacific Oceans. These, too, have
been interpreted as espansion tension cracks.
Thus the Earth csn no longer be compared
with a shrinking apple; rather, it seems to be
an expanding planetary body. Its tendency
to expand may be a factor in making earth-
quakes produced by volcanic activities more
destructive.

The phenomenon of gravitational decrease
is not restricted to our planst; it includes the
whols universs. Howgver, I would like to
oconfine mysell to our local universs, the solar
system, and apecifically to Mars. (Ses rel. 4.)
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In contrast with the surface of Earth, the
surface of Mams is a stony solid with no open
waters, The generally accepted theory is that
Mars formetly had ceeans, but, because of ita
lower gravity, most of the water molecules have
escaped into space. However, around 1910,
Baumann of Zurich (ref. 8) suggested that
parta of the Martian ancient oceunus are now
frosen and covered with dust which has be-
come sclidified in the courss of millions of ysars.
In Urey's book (ref. 6), H. E. Suess, at that
time at the University of Chicago, is quoted ss
stating that “substantial quantitice of water
may bo buried under dust and hever become
volatile at the low temperature of parts of the
planet.” As you know, the average temperature
on Mars is about 18° C lower than that on
Earth. This somewhat forgotten, unorthodox,
frozen-ocean theory has been recently revived
and developed in more detail in references 7 and
8 by V. D. Davydov, an astronomer at the
Sternberg Astronomical Institute in Moscow.
He theorizses that there may be a subsurface
ice layer 800 meters thick in the equatorial
regions now covered by a 100-meter-thick layer
of solidified dust. He even expressed the
opinion that beneath this frozen conglomerate,
or “cryosphers,” as he called it, water might
be found in the liquid state because of an
increase of temperature in the interior of Mars.

1t we combine this unorthodox hypothesis of
the cxistence of a here below the
surfece of Mars with Dirac’s unorthodox theory
of the gravitational constant, we get an interest-
ing picture. The gravitational decrease would
cause on Mars, too, a volume expansion and
tension cracks. Their appearance might be

by the impact of meteorites and
asteroids which should produce fissures of
tremendous length in a crust of nonuniform
composition. This threefold environmental
combination—planetary volume expansion,
subsurface ice layer, and meteoroid impacts—
iight well be the mechanism producing the
dark spots ralled osses and the dark linear
markings, or canali, which generally originate
in the dark spots and radiate over tremendous
distances.

The existenrce of < subsurface ico and water
table on Mam would increase the humidity in

and around the meteoritic impact cratem and
along the fissures, and make them more suitable
ecologically for the growth of vegetation.
Actually, it might be the soil's humidity and
vegetation that make these surfuce features
visible to Earth-based optical astronomy.

The theory of the existence of a subsurface
hydrooryosphere on Maia is unorthodox, but
thera are some astronomical arguments and
indications that speak for it. For instance,
acoording to Barabashov (ref. €), without
such & subsurface ice table all the water mole-
cules might have disappeared into space in
the course of millions of years. Furthermore,
when cracks caused by Mars quakes occur in
this kind of crust, water may reach the surface
and produce localised giant clouds and white
sireaks of fog; such clouds, visible for days,
have besn described by Lowell (ref. 10) and
Slipher (ref. 11). White spots giittering like
fce liave been obeerved in the equatorisl
regions by Seheki of Tokyo (ref. 13).

How does this combination of theories look
in the light of the Mariner IV pictures? Their
initial interpretation was that the visible
Martiann surface is extremely old and that
neither a dense atmosphere nor ocoans have
been present on the planet since the cratered
surface was formed. But later evahiations of
Mariner IV photographe led to the comiders-
tion that the surface of Mars was oaly 300
to 800 million years old and to the ctatement
that: “The crater density on Mars no lotiger
precludes the possibility that liquid water and
s denser atmosphere were pressnt on Mars
during the firet 3.8 billion years of its existenve.”
(See rel. 13.) Thus, the ancieit ocean theory
might be correct after all. It might be that
some 300 million years ago, after Mars had
loet most of its water into space, it entered
s permancnt ive age; the frozen
water in the course of millions of years became
covered with s deep layer of dust that became
solidified was bombarded by numercus
dsteroidal some 300 mil-
lion years ago with the disruption of Planet X,
the matrix planet of the astercids. This

might indeed be the history of the festures
on the red planet as we see it today.
Now, I would like to go into a little more
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detail about some controversies concerning life
on Mare. The dark arvess, according to most
observers, show seasonal color changes from
dark to bluish-green, to yellow-gold, to brown,
and back to dark, which is interpreted as an
indication of green vegetation on Mars. But
to some cbservers these regions always appear
to be dark gray. These observations can be
accepted only from persoits with normal
color vision, as confirmed by an ophthal
mologist (ref. 14). As you know, 7 percent
of human males are color defective.

The bluish-green color is ako interpreted
as a visual contrast phenomenon against the
ocherreddish surroundings. Visual contrast
effects cartainly occur, especially if the areas
are small, but the bluish-green coloration of
large areas, such as Syrtis Major, which is
about the size and shape of Texas, is in all
probability real. This is alno suuported by
the observation of Tombaugh (ref. 15), accord-
ing to whom certain areas occasionally look
dark when others look green, despite the fact
that both are surrounded by reddish areas.
The final anower in this color dispute might
come from color photographs made by future

probes. But, of course, the green color
is not decisive of the exiatence of life on Mars.

Fifty yeats ago, Arthenius (ref. 16) advanced
the theory that the dark aréas ave salt beds of
dried-out ocotins and concluded thet “Mars is
indubitably « dead world.” But on Earth the
Dead Ses, in Palestine, which is an extremely
salty medium, was for thousands of years con-
sidered to ba without life, whence its name.
Receatly, itowaver, numerous species of micro-
organisms, usacteria, and algee have been
detected therein. Tho Desd Sea, therefore, is
not so dead s was belisved, and the red planet,
Mars, might not. be so dead either.

Recent spoctroscopie studies indicate that
carbon dioxide pressure in the Martian air
might amount to 3 millibars; that is, 10 tisaes
a8 high as that on Earth. The opinion has besn

that this would sxclude life; but,
actually, it would even be an advantage for the
growth of gresn vegetation, bucause carbon
dioxide in this premure renge increases photo-
synthesis; although beyond 33 mm Hg it heas an
inhibiting effect on this process.
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It has been argued that the low density of &
10-millibar-presaure atmosphere, as revealed by
Mariner IV, might not provide effective pro-
tection from harmful solar ultraviolet and
X-rays. But, firat of all, the intensity of solar
jrradiation at Mam' distance from the Sun ia
less than one-half of that at the Earth's solar
distance. Furthermore, a certain amount of
these rays is certainly absorbed within the
atmospliere. [t is, of course, well kiiown that
ultraviolet rays, particularly in the range from
2800 to 2800 X, are indeed very destructive to
most terrestrial micro-organisms. For this
reason they are used for sterilisation of food and
of lunar and planetary probes to prevent inter-
planetary contamination. But there are
various degrees of resistance to ultraviolet
rays and X-rays. Moreover, certain micro-
organisms are even stimulated in growth when
exposed to low-intensity ultraviolet rays and
X-rays, as was found in bacteriological experi-
ments around 1930.

The temperature on the Martian surface
during the night is always and everywhere
belov. the freesing point of water. This is con-
sidered to be particularly prohibitive for life;
but experiments in Mars environmental simu-
lators have shown that many organisms survive
the freese-thaw cycle for some time. If thereis a
Mars biology, during the night it is always &
cryobiology that is, a low-temperature biology.

All in all, the question of life or the Martian
surface is still more a matter of probability than
possibility, If there is life on the Martian
surface, & precondition for it would have been
the existence of open waters for its origin and
development. Furthermore, if there is a water
table below the ice layer, as mentioned earlier,
this water table could be a second habitat for life
based on chemosynthesis, This, of course, sounds
ultraunorthodox; but on Earth the water of
the geysers contain micro-organisms, and there
are microbes evaii in oilwells and jot-fuel con-
tainers. Tlis hes led to the establishment of &
new branch of bacteriology called petroleum

Finally, 7 would like to touch upon some con-
troversial points concerning human physiology
in space flight. In all space madical discussions
the duration of the flight plays an important
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role. What might be the time limit in this
respect? A flight to the Moon is no problem
because this takes only about 3 days; but a
flight to Mars, bused on a minimum energy
trajectory, Jasts more than 8 months. This is,
of course, the simplest and mosi economic
method for unmeanned automated planetary
probes, such as Mariner IV,

Nut is such & long duration also acceptable
fo. & manned planetary mission? To get a
realistio judgment in this reapect, we must con-
sider the whole complexity of life of the mission
orew, a team of perhaps six or more, living in a
cramped, closed ecological world with ita own
economy snd autonomy. ‘The activities of this
“capsule society,” as Sells calls it (rel. 17), in-
clude power control, navigation, exploration,
telecommunication, control of the life-support
system, hygiene, housekeeping, and so forth.
Weightlessness complicates some of these ue-
tivities and fucilitates others.

The astronauts, after some 20 hours of flight,
should be in a state of “celatively stable adapta-
tion to weightlessness,” as has been concluded
from the tnedical obeervations taken in orbital
flight. Anthropometric comfort, appropriate
exercise, and s well-régulated slesp-duty regime
might enable them to endure space flight lasting
formonths. Artificial gravity might not be re-
Quired. Be that as it may, it seems to me
advisable, if not even a requirement, to base a
fiight plan to Mars on a high-energy trajectory
so that the duration of the minimum-snergy
trejectory of about 8 months c¢ - e shortened
to 20 to 30 percent of this time. This can bs
schisved by novel methods of propulsion.

In addition to the man-machiite-intracabin
environment complex, the external space en-
vironment also must be taken into socount. A
shorter time reduces the possibility of meteoritic
incidents and the radiation hazards after solar

In beief, « minimum in time and an optimum
in comfort is the prescription for achisving &
meximum of success of any manned planetary
landing mission (ref. 18). Of courws, ssiro-
nauts with wesk-Jong' experiences in orbital
flight and the space medical practitioners who
have controlled thise flights will have a decisive
voice in this respoct.
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In the case of long-range manned space opers-
tions, as, for instence, a flight to Mam, preflight
propliylactio surgical measuces in addition to
preventive dentistry must be considered. Ap-
pendectomy and even cholecystectomy would
certainly be advisable; the latter may be nec-
essary only if there is some doubt that the
astronaut is completely free of positive and
negative gall-bladder stones. This much, ac-
cording to my opinion, makes sense. But the
suggestion to transform astronauts into cyborgs,
thet is, persons with artificial organs, which hit
the headlines of the press some 10 ysars ago
and might be revived since the successful trans-
plantation of organs, will probably remain o
m.:;m" of wild imagination; f:; it is not the
task of space blosngineering to adapt the human
body artificially to the extratervestrial envi-
ronment. mhc;i:hommm&a
extraterrestrial snvironment s phys-
iologically suitable as possible. This is the
challenging task of the Working Group on
Extratorrestridl Resources.

The present main object of your working
group is the Moon. 1 would like to concluds
this disoussion with o brief rémark about the
controversial qusstion: How should selenonauts,
the Moon explovers, walk oni the Moon? At
the 1968 meeting of the Luuer International
Laboratory Committes in Madrid, Margaris of
Milano suggested that the selencniuts should
také advantage of the Moon’s low gravity by
jumping some 8 meters, like grasshoppers (ref.
19). This might be acceptable if the surface is
smooth, but if the " should loss
their balance and hit the zround oh a rough
surface, they might risk a leak in their pressure
suits. In contrast, at the same meeting, I sug-
gested that the eelenonauts should increass
their weight by camrying, in addition to the
life-aupport u t, some ‘? kilopounds of
material, maybe moonpebbies, in pockets around
thuir waist or shoulders (ref. 30). This would
increass stimulation of the mechano-

receptors in the sitin and muscles of tlul1=
o would help them to keep their balance. It
wouid make the stimulation of thess mechano-
receplors more Earth-gravity equivalent, but it
will not, of courss, affect the otolith apparetus.

In conclusion, there are many more contro-
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versies in space medicine, lunar and Mastian
medicine, and Martian biology that will be a
stimulus for further theorization and eéxperi-
mentation. The techuological and scientific
achievements in man's advance on the space
frontier have so {ar been spectacular and will
be even more fantastic in the years to come.
Nevertheless, despite the possibility of some of
the unorthodox theories I have presented, in
the area of space medicine we must be realiatic
and sensible, particularly in our extrapolations
for long-range, manned missions such as a
flight to Mare,
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