
Antarctic Research,
A Prelude to Space Research'

ERNST STUHLINGER
Space Sciences Laboratory

George C. Marshall Space Flight Center
National Aeronautics and Space Administration

In the northern winter of 1966-1967, four mem-
bers of the National Aeronautics and Space Admin-
istration had the good fortune of being invited by
the National Science Foundation to spend a week of
observing and learning on the Antarctic Continent.
This voyage proved for each of us the most exciting,
fascinating, and impressive trip we ever took. By far
the deepest impression I received was from a hut built
in 1911 by Captain Robert Falcon Scott on Ross
Island in McMurdo Sound. This hut is still in excel-
lent shape. On one of the walls there are a num-
ber of shelves filled with instruments for scientific
research: glasses and bowls, scales, anemometers,
thermometers, transits, even Bunsen burners with
bottled gas. It is known that Scott carried and used
research instruments on his ill-fated march to the
Pole in 1911-1912, and that he recorded scientific
observations up to the last days of his life.

A Continent for Science

Many of the early antarctic travelers, beginning
with James Cook in 1772, combined the keen eye of
the scientific observer with the adventurous spirit of
the true explorer. However, the hardships of antarc-
tic travel with its continuous struggle against a thor-
oughly hostile environment, together with the lack of
suitable instruments for antarctic research, did not
leave much room for early scientific observations.
The first one and a half centuries of antarctic explor-
ation, therefore, are distinguished mainly by the dis-
covery of coastlines and mountain ranges, glaciers
and snow fields, and, in 1911, the South Pole itself.
Somewhat surprisingly, the United States had no
noncommercial activities in Antarctica between the
Wilkes Expedition in 1840 and the first expedition
of Admiral Byrd, who flew over the Pole in a Ford
trimotor airplane in 1929. This flight marked the
end of the adventurous period and the beginning of
the technological period of antarctic exploration, al-
though it must be said that even the 1968 traveler

' Adapted from an address delivered at the Orientation
Program for participants in the U.S. Antarctic Research Pro-
gram, 1969, at Skyland Lodge, Shenandoah National Park,
Virginia, September 18, 1968.

who flies in a few hours from McMurdo to the Pole
in the protected comfort of an LC-130 cannot avoid
a feeling of high adventure.

The period of technological development of trans-
portation and housing in Antarctica lasted from 1928
till about 1961, when the Antarctic Treaty among 12
member nations was ratified. This Treaty declared
the land area south of 60° south latitude an inter-
national reserve for scientific research. By that time
the technologies needed to live and to move around
in Antarctica with reasonable comfort and safety
would permit almost any kind of scientific research.
Actually, a steep rise of scientific activities in Antarc-
tica occurred as early as the period of the Interna-
tional Geophysical Year, when seven U.S.-IGY sta-
tions were built on the Continent. Rear Admiral
George Dufek, Commander of Operation Deep
Freeze, landed at the South Pole in 1956, and Dr.
Paul Siple with 17 companions wintered at the Pole
in 1957. Ever since that time the Pole Station has
been occupied by Americans who were frequently
joined by citizens of other nations.

With the Antarctic Treaty, the Continent devel-
oped into a research laboratory of the first order.
Antarctica is an ideal continent for science. It is a
place where nature goes to its extremes and where
unusual environs can be studied as nowhere else on
Earth. The lowest temperatures, the strongest winds,
the deepest ice occur in Antarctica. Ninety percent
of all the ice on Earth lies on the Antarctic Contin-
ent, but the land nurtures no trees, shelters no native
mammals other than an occasional seal, and supports
only a few species of birds. Although it is larger than
the United States, Antarctica, to our present knowl-
edge, has never had a native human population. It
did have, though, a rich plant life, and probably
also an animal life many millions of years ago. The
fossilized trunk and stump of a huge tree were found
only a few hundred miles from the Pole. Small in-
sects, mites, nematodes, and Protozoa live in the dry-
valley area near McMurdo, but they persist under
conditions which are unique in many respects. For
almost six months each year, the sun does not set,
but the ensuing night lasts just as Icing. Winter
temperatures are extremely low, and even during the
austral summer, when the temperature is above
freezing, food is very scarce. The field lines of the
Earth's magnetic field are quite unusual in Antarc-
tica. They have a very steep angle, and even become
vertical at one point. Above this region, no Van Allen
belts are encountered; slow protons and very soft
cosmic rays from extraterrestrial space enter the at-
mosphere through this magnetic funnel.

It is not surprising that Antarctica has attracted
scientists of many interests: physicists and geologists,
glaciologists and petrologists, meteorologists and biol-
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ogists, and even psychologists, who want to investigate
the most enigmatic of all research subjects under the
unusual antarctic conditions—man.

The Problem of Logistic Support

The development of Antarctica into a continent
for science was a great and challenging experiment
in itself. The basic problem was how to provide a
group of scientists in a remote antarctic outpost with
the necessary support which would permit them to
live and to work under extremely hostile conditions.
This problem, which is simple to formulate, but very
difficult to solve, is encountered in a very similar form
by those who are preparing the astronauts' flight to
the moon, and later to the planets. The great similar-
ity between the logistic support problems for the U.S.
Antarctic Research Program and the forthcoming
program of lunar exploration was indeed the reason
why the four of us, Drs. Robert R. Gilruth and Max-
ime A. Faget, from the Manned Spacecraft Center in
Houston, and Dr. Wernher von Braun and I, from
the Marshall Center in Huntsville, spent a week with
USARP in Antarctica in January 1967.

We wanted to learn how the Office of Antarctic
Programs and the U.S. Navy have solved the many
problems of maintaining productive research under
environmental conditions which are certainly the
most extreme and the most unforgiving to be found
on Earth. Very simply, the four of us wanted to go
to Antarctica because this was as close to lunar con-
ditions as we could get here on Earth. Admittedly,
there are some differences. There is an atmosphere in
Antarctica, there is gravity six times that on the
moon, and the nearest hospital, in New Zealand, is
only 8 to 10 flight hours away, weather permitting.
However, at a remote outpost in the mountains or on
a glacier, where the few men of a scientific team may
spend weeks or months in field studies, human life
depends entirely on the technological reliabilities of
a stove and of a radio transmitter. If both failed,
death would be imminent unless safety measures had
been carefully prepared.

Scientists and the Support Force

When the four of us from NASA looked at the
many fascinating activities through the eyes of space-
project developers, we registered in our minds a num-
ber of impressions which certainly will find their
ways into our space program planning. We were
greatly impressed by the large and complex machin-
ery that is needed for the logistic support of the U.S.
Antarctic Research Program. During the austral
summer about 200 scientists live in Antarctica; the
logistic system employs about 2,000 uniformed men
to support these scientists. Logistic support includes

transportation of men and materials between the
U.S.A. and Antarctica, and all across Antarctica;
building and maintenance of permanent stations;
supply of field stations; communications; mail; food
and kitchen services; medical care; electrical power;
heating; water supply; vehicle maintenance; cloth-
ing; shipment of scientific instruments and collected
samples; and emergency evacuation. Scientists are
responsible only for their own housekeeping, and, of
course, for their scientific projects. At all the smaller
field stations, however, scientists voluntarily and
gladly help with such mundane chores as snow shovel-
ing, snow melting, and station upkeep.

This very comfortable situation for the scientists
has evolved from practical field experience during
the first years of continuous antarctic research. I am
sure that many scientists in the U.S.A. envy their for-
tunate colleagues in Antarctica for this excellent
support.

Each field station, as well as each permanent base,
has a station scientific leader who is directly respon-
sible to the Office of Antarctic Programs in Wash-
ington. Each station also has an officer-in-charge
who, through channels, is the representative of the
Commander, U.S. Naval Support Force, Antarctica.
He is responsible for the safety and welfare of all
persons at the station, and for the support of their
activities. In case of an emergency, declared jointly
by the station scientific leader and the officer-in-
charge, the latter directs station activities. We felt
that this system, which has proved highly satisfactory
in Antarctica, may well set the prototype for the
organization of future stations in Earth orbit and on
the moon.

Scientific Field Work

The first flight to the lunar surface by astronauts
is hoped for before the end of 1969, and two more
flights of a similar nature will follow within a short
time. A package of scientific instruments prepared for
these early lunar landings, the Apollo Lunar Scien-
tific Exploration Package, or ALSEP, will be de-
ployed manually on the surface of the moon. After
deployment, the instruments (see accompanying
table) will work automatically, and they will radio

ALSEP Experiments

Passive seismic sensor
Lunar surface magnetometer
Solar wind spectrometer
Suprathermal ion detector
Cold cathode ionization gauge
Heat flow measurements
Active seismic sensor
Charged-particle lunar environment detector
Laser ranging retro-reflector
Field geological investigations
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their observational data back to Earth for a period
of several months, perhaps for a full year. Besides the
ALSEP, the astronauts will have some simple tools,
such as a hammer, a scoop, a corer, and a rock-sample
retriever. All tools have been designed with long
handles, because an astronaut in his space suit can
not bend down to the lunar surface. If he were to
fall, he would have great difficulties in getting up
again. Easy movements and close-up observations
familiar to antarctic explorers will not be possible
on the moon, at least not during the first landings;
however, the collection of rock samples, a very re-
warding and fascinating activity for geologists in the
ice-free parts of Antarctica, will of course be possible
on the moon with simple tools.

Surface Mobility

Another severe limitation presently imposed upon
lunar exploration is the lack of mobility. An astro-
naut will probably be able to walk a distance of a
few hundred feet to examine very exciting details of
the lunar surface in the close vicinity of the landing
point, but he will not have an opportunity to inspect
other places, perhaps only a few miles away, which
may have totally different surface features. Mobility
in Antarctica at the present time is achieved most
conveniently with helicopters and with a variety of
surface vehicles, from the big Tucker Sno-Cat down
to small motor-driven one-man vehicles, or even by a
team of dogs. A lunar roving vehicle has been under
development by NASA for some time; one version,
developed by Bendix, is presently undergoing ex-
tensive field testing. This vehicle will be of great
usefulness once it is deployed on the moon, although
it does not yet fully reflect the lesson which antarctic
explorers have been taught during many years of
polar exploration: There should be a variety of
vehicles available for different purposes. The largest
should offer sufficient well-protected space within its
cabin to permit the travelers to live and work in com-
fort. The smallest vehicle should offer access to a
driver in a heavy and clumsy suit; it should be so
small and light that the driver can manually pull it
out of a ditch; engine, tracks, and other components
should be replaceable under field conditions. Of
course, it is desirable that none of the various types
of vehicles should ever have any malfunction or
breakdown.

Safety Measures in Antarctica

We were greatly interested in hearing about the
safety measures in effect at the small field stations.
Besides the plans for normal operations, complete
plans and provisions for emergency situations must
exist. In Antarctica one of the main dangers is that

of fire. When the four of us visited Antarctica in
January of 1967, we did not fully realize the magni-
tude of that danger also for the space program. Two
weeks after our return, the very tragic accident at
Cape Kennedy, in which three astronauts lost their
lives, made it clear that fire is a most imminent
danger for space explorers. All buildings in Antarc-
tica, even temporary shelters, are amply equipped
with fire-warning systems, fire extinguishers, and
quick exits. All camps and stations have "fall-back"
camps a few hundred meters away which are equipped
to provide shelter, food, and communications. Should
the main camp be damaged or destroyed by fire, the
crew can survive in this emergency camp for days or
even weeks until a rescue party arrives. It is obvious
that a similar arrangement on the moon, and even in
Earth orbit, will significantly increase the safety of
the astronauts.

The Role of Man

The exploration of space began with observations
made from the surface of the Earth; balloon flights
extended our observational capabilities, and high-
altitude rockets added even more to this capability.
The advent of satellites meant a big leap forward for
space research, as illustrated by the discovery of the
Van Allen belts with the first Explorer satellites.
Probes to the planets and flights to the moon have
already resulted in a wealth of new knowledge about
our neighbors in space. Very slowly, man is now tak-
ing his place in this program of space exploration, at
first as a pilot, and gradually as an explorer and
scientist.

Polar exploration evolved the other way. It began
with human travel and discovery. The new territor-
ies were seen and recorded first by human eyes, and
the storing, sorting, and analyzing of observational
data were done by human minds long before, and
even long after, such instruments as magnetic tape
and the high-speed computer were developed.

Obviously, these two great exploration programs
can mutually benefit from each other's methods. How
little we would know about the polar regions of the
Earth if we had only photographed them from high-
flying airplanes, and if instrumented capsules, dropped
by parachute, had provided the only data on surface
features, rock formations, fossils, plants, and animals!

On the other hand, would it not be reasonable to
leave to automated stations many of the routine ob-
servations in Antarctica of temperature, snowfall,
weather, aurora, cosmic rays, ionospheric activity,
whistler signals, micropulsations, and seismic waves?
The space program has produced remarkable tech-
nological knowledge of, and practical experience with,
automatic sensing and data-handling systems; why
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not use them now at remote places on the Earth's
surface? Unmanned stations on the polar ice cap are
far cheaper to establish and maintain than perma-
nently manned stations. Manned stations and human
sensors should be reserved for those research objec.
tives that need the presence of a human mind to be
really successful, such as biological studies, fossil
search, and a number of geological investigations.

Automated Stations for Antarctica

Possibilities of automated stations for polar research
have been studied repeatedly. Stanford University
recently made a detailed and very interesting study 2

concerning an automated data-taking and -transmit-
ting station for environmental parameters. The cost
to build an automatic station and maintain it on a
year-round basis in Antarctica is about one-tenth of
the cost of an equivalent manned station. Surprisingly,
the most expensive single component of the station
turns out to be the electrical power supply. Isotope-
heated, thermoelectric supplies would appear very
appropriate. Such power sources are under develop-
ment for space projects; the SNAP 27, for example,
will power the ALSEP package of scientific instru-
ments for lunar exploration. However, all space power
sources are very expensive. As a consequence of the
very high transportation cost to the moon or even
into Earth orbit, all space instruments must be small,
light, and reliable. In fact, a reliability factor of 99.9
percent is desirable for space instruments. This very
high reliability requirement is the main reason for

' Feasibility Study of an Automated, Unmanned Geophysi-
cal Observatory for Operation in Antarctica, by John A.
Jenny and William F. Lapson. Technical Report No. 3433—I,
Radioscience Laboratory, Stanford Electronics Laboratories,
Stanford University, February 1968.
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Antarctic Landscape: A section of the Sentinel Range,
Ellsworth Mountains.

the high cost of space experiments. Ground-based
automatic instruments are quite satisfactory with a
reliability factor of about 95 percent. As an indica-
tion of the cost of attaining this degree of reliability,
it would be cheaper in most cases to develop a new
instrument of a 95 percent reliability than to improve
the reliability of an instrument from 95 percent to
99.9 percent.

Another factor contributing to the high cost of
space experiments is the need to minimize weight.
Transportation to Antarctica is far cheaper than
space transportation, and a few extra pounds on ant-
arctic instruments would not hurt. In the specific case
of an isotope-heated power source, an isotope with a
shorter lifetime could be used for earthbound power
supplies. Semiannual replacement would be satis-
factory for antarctic use as servicing visits could be
made in October and in March. Another alleviating
factor on the Earth's surface is the atmosphere, which
helps by carrying the heat away from surfaces through
convection and by providing an efficient heat trans-
fer between adjacent metallic surfaces. The develop-
ment of a cheap isotope-heated electrical power
supply for terrestrial use could possibly be undertaken
jointly by the Atomic Energy Commission, the Office
of Antarctic Programs, the Environmental Science
Services Administration, the Coast Guard, telephone
companies, oceanographic research organizations, and
even the Federal Aviation Agency.

Survey-Type and Exploration-Type Research

Research projects in Antarctica fall into two dis-
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Lunar Landscape: Portion of the crater Copernicus,
photographed by Lunar Orbiter It.

tinct categories according to their objectives: First,
the survey-type measurements, such as recordings of
cosmic rays, aurora, ionospheric activity, magnetic
fields, winds, temperatures, glacier movements, whis-
tler signals; and second, the exploration-type studies,
which include geological observations, paleontological
searches, and biological studies. Survey-type observa-
tions are generally carried out by young scientists
who fabricated and tested their equipment at home
in close cooperation with their senior colleagues. In
Antarctica, their main objective is to operate the
instruments, to record data, and to send the observa-
tional material home to their laboratories for analysis
and evaluation. It is conceivable that this type of
research work will be taken over more and more by
automated stations in the future.

Exploration-type observations in Antarctica are
carried out by experienced senior scientists, ably as-
sisted by younger associates. Geologists, paleontolo-
gists, and biologists spend as much of their time as
possible in the field in direct personal association with
the objects of their research. The success of this work
depends on the ability of the scientist to reach his
area of interest, to look for the right objects, to recog-
nize important specimens, facts, and relations, to
draw conclusions while exploring, and continuously to
adjust, modify, and develop his research program as
his exploration proceeds and his knowledge increases.
The biologists among these explorative scientists may
maintain a small laboratory at the McMurdo Station
to supplement and expand their research activities.
It should be quite obvious that this exploration-type
research cannot be automated; it definitely needs the
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live scientist as the most important factor in the
project.

This fact was driven home to us NASA visitors
very vividly when we visited the dry-valley area to-
gether with Dr. Roy E. Cameron, from the Jet
Propulsion Laboratory, and Dr. Russell W. Strandt-
mann, from Texas Technological College, in January
of 1967. As we walked over the ice-free terrain of
Marble Point, Dr. Strandtmann pointed out to us
the various forms of algae and arthropods that live in
that region, and he described their ingenious ways of
adaptation to this unusual environment. Each rock
sample which he selected with the trained eyes of the
research biologist contained on its protected underside
some specimens of algae, mites, or small insects; the
samples which we untrained space engineers picked
up did not show any traces of life. "No wonder," said
Dr. Strandtmann. "This is the difference between a
live, alert, intelligent, highly trained and motivated
scientist, and a lifeless robot. Do you see now," he
added, "why we scientists believe that man should
go in person to the moon and to Mars ? Although
this remark made it painfully clear to us that scien-
tists sometimes hold us space-flight developers in low
esteem, we were very happy to recognize in Dr. Cam-
eron and Dr. Strandtmann brothers-in-arms who share
our long-held conviction, namely, that man himself,
and not just his instruments, should travel to the
moon and to Mars.

It appears possible that in the long run the struc-
ture of USARP will change to some extent. As a con-
sequence of severe budget limitations, some of the
present permanent stations may have to be closed;
but at least three stations would, I hope, remain
open—McMurdo, Palmer, and Pole. Several auto-
matic stations, requiring semiannual or annual visits,
will probably be established, and a number of small,



portable field stations would be maintained. They
can be airlifted easily in modular units from one place
to another after a research objective has been accom-
plished.

Automated stations would keep direct radio con-
tact with their home bases in the United States or
other countries with the help of satellites such as the
Applied Technology Satellites or the Intelsat. In fact,
antarctic stations have for several years been using
signals from, or relayed by, satellites in polar orbits.

The most significant contributions that antarctic
research will make to our basic scientific knowledge in
the next several years will very likely concern the
genesis of the Earth and the evolution and adapta-
tion of life. The Antarctic Continent has probably
gone through more drastic changes than the rest of
the Earth; furthermore, some of the evidences of
early stages of development, both geological and bio-
logical, may be better preserved and less contami-
nated in Antarctica than at other places on our globe.
The recent find of a jawbone of an ancient am-
phibian, a Labyrinthodont, which also lived in Africa
and India, appears to give powerful support to the
hypothesis of the old Gondwanaland and the subse-
quent drift of its fragments to the places where we
find Asia, Africa, Australia, and Antarctica today.

The division of antarctic research into survey-type.
and exploration-type activities has a very interesting
parallel in space research. Numerous survey-type
observations of the Earth, the sun, other celestial
bodies, and the space between will certainly be made
on a continuing basis from Earth-orbiting satellites.
These observations will not require the continuous
presence of man in orbit. However, there are other
observations of an exploratory type which simply
should not be left to the operation of a programmed
machine, as pictures obtained from the recent Lunar
Orbiter project prove. These pictures show many
unexpected features, such as lava flow channels, out-
crops of deep layers of materials, strong color differ-
ences, and other peculiarities which geologists feel
must be seen in situ by a scientist who could mentally
record, sort, analyze, and integrate thousands of visual
pictures from a millimeter to a kilometer in scale with-
in minutes and arrive at a satisfactory understanding
of a geological situation unobtainable from TV pic-
tures alone.

The need for the presence of a scientist who can
interact immediately with his subject of research is
even more obvious when we think of the search for
life on the planet Mars. How complex would an in-
strument have to be in order to substitute for a human
mind trained in experimental biology and highly
motivated to detect any possible indications of living
organisms? I believe that it would be hopeless to try
to make such a substitution.

Psychological Effects During Life in Isolation

We found the scientists in Antarctica invariably in
high spirits, filled with strong motivations for their
work. They greatly appreciate the opportunity of
doing research in Antarctica. They read much (sci-
entific books, travel, fiction), listen to music, and
tend to their scientific activities.

Support personnel, lacking the strong personal
motivation of the scientists, also display a pleasant
spirit, but they often find life somewhat boring under
antarctic conditions, and they look forward to their
trip home.

A few simple rules on how to avoid psychological
problems arising from the unusual circumstances of
antarctic life have resulted from the long experience
gained in Antarctica. A single small room for each
man is far preferable to larger rooms with multiple
occupancy. Privacy of a few hours per day appears
to be of great importance. A man should know be-
forehand that the next few hours will belong to him
alone and that nobody else will sit at his table, whis-
tling the "Bridge on the River Kwai," or inhaling
vigorously through his nose every 15 seconds, or os-
cillating his leg toward the table. I feel that the les-
sons learned in Antarctica should be, and will be,
heeded in the planning and designing of the quarters
for astronauts on prolonged journeys through space.

On a piece of equipment near the Pole, we found
a statement printed in huge letters: "I hate people."
If the writer did this at the beginning of his polar
adventure, it was a mistake to have selected him. If
he did it at the end, it was high time to ship him
home. Admittedly, Antarctica has the lowest popula-
tion density of all continents; only outer space has a
lower density. However, it is easier to escape the
omnipresence of people in New York than in Antarc-
tica, or in outer space. A man who is "allergic" to
close contact with others simply should not be picked
for either isolated assignment.

Experience dictates that living quarters in isolation
should be as comfortable, and as much like home, as
possible. At the long-wire station near Byrd, for ex-
ample, we met a few young chaps who had their
snow-covered quarters beautifully equipped with wal-
nut paneling, easy chairs, sofa, coffee corner, house
bar, and an excellent hi-fl set with a large collection
of classical records.

It may be interesting to note in this context that
there is a strong tendency among space planners at
the present time to provide simulated gravity for
astronauts on prolonged space flights by rotating the
spacecraft. Medical or biological effects would prob-
ably not demand this, but the "gravitational" force,
even if it amounted to only a fraction of one g, would
contribute toward a homelike environment.
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Efficiency of the U.S. Antarctic Research
Program

After we had lived for a week among the antarctic
researchers and their support personnel, we had de-
veloped the greatest admiration for the remarkably
effective cooperation between the support organiza-
tion, which is a part of the U.S. Navy, and the scien-
tific projects, which are coordinated by the National
Science Foundation. The great flexibility, the im-
mediate response to the need of scientific teams, the
absolute minimum of red tape in Antarctica and in
the New Zealand staging area, and the high degree of
motivation for accomplishment often appeared to us
like a dream come true. It is realized that this excel-
lent cooperation and high degree of efficiency cer-
tainly did not come into existence by themselves;
they are the result of a very determined and sincere
effort by both parties, and the fact that this effort has
led to such a remarkable success reflects greatest
credit upon both the U.S. Naval Support Force, Ant-
arctica, and the Office of Antarctic Programs.

We were equally impressed by the high degree of
cost-effectiveness of the antarctic program. A large
number of parties, some of them wintering at one of
the permanent stations, are doing research work in
about 15 major fields of scientific endeavor, among
them geology, aeronomy, physics, biology, medicine,
glaciology, oceanography, astronomy, geophysics, pale-
ontology, and psychology. For all of them, Antarctica
represents an open frontier with vast opportunities to
acquire new scientific knowledge. Perhaps even more
important, it offers the opportunity to create new
scientists trained in scientific research work under
unusual circumstances. The steady growth of scien-
tific capabilities is certainly one of the most important
objectives a nation can have. When compared to the
rich scientific harvest which USARP has yielded in
the past and promises to yield in the future, the
yearly expenditures of $8 million for scientific proj-
ects and $20 million for logistic support certainly are
modest and exceedingly well spent.

A Plea for Science

There are, very obviously, a number of significant
differences between antarctic exploration and space
exploration. The two programs differ in their subjects,
their histories, their environments, their total costs.
But, there are also many similarities between the two
programs, and there is in particular one feature in
which the two programs are painfully similar: They
both have to fight hard to obtain the funding neces-
sary for their continuation. Their prime product is
scientific knowledge, something not easily measured

in dollars-and-cents benefits that accrue to each tax-
payer every year. Scientific knowledge frequently can
be valued in hard money, or as improved living, or
for contributions to health, but this process takes a
time which often is longer than the memory of the
average citizen. In view of this fact, our argument
for the continuation of strong research programs in
Antarctica as well as in outer space should be based
very simply and directly on the assertion that the
acquisition of scientific knowledge is one of the very
basic fibers in the makeup of a healthy, strong, and
progressive society. It ranks on an equal status with
such other basic fibers as a modem technology, a high
living standard, advanced medical capabilities, an
efficient governmental system, and a satisfactory
national defense system. Even during times of rising
living costs and dwindling resources, a nation which
wishes to maintain prominence among other nations
cannot afford to let its support of science shrink. A
recent public opinion poll to assess the respect in
which the various professions are held by the citizens
revealed that physicians and scientists together ranked
highest. This show of public esteem and confidence
is quite reassuring; however, it also imposes an obli-
gation, not only on the scientists, but on those charged
with providing the support needed in order to re-
tain the high level of accomplishment characteristic
of scientific work in our country.

In this quest for continuing support, I feel that we
need the strong and sincere cooperation of men who
share our belief that the acquisition of scientific
knowledge is of intrinsic value to our society, but who
are sufficiently detached from personal involvement
in a research program to avoid the impression of
being parochial. I am thinking of such men as Rich-
ard S. Lewis, managing editor of the Bulletin of the
Atomic Scientists, who for many years has been a
warm friend of both programs, and who wrote an
excellent book on each of them, A Continent for
Science, and Appointment on the Moon. The two
programs, antarctic exploration and space explora-
tion, are so similar in many respects that the same
arguments hold for both of them. In both, the scien-
tific efforts can succeed only when adequately sup-
ported by a complex and costly line of logistics. In
both, the potential value of the research is very high,
but cannot be counted in dollars and cents at the end
of each fiscal year. Also in both, the profits will not
be limited to scientific knowledge, but will extend far
into the areas of technology, organization, program
planning, and management. And finally a most valu-
able product in both cases will be a group of men
motivated by the spirit of exploration and experienced
in the handling of large and complex projects in-
volving science, industry, and government.
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