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FUTURE EXPLORATION AND UTILIZATION
OF OUTER SPACE

RiassuxTo - La previsione del futuro dell’astronautica & compito da profeta, uma pro-
fessione non riconosciuta come un ramo ben definito della scienza. I metodi per tali profezie
variano da un atto di intuizione e di fede alla piili razionale estrapolazione dell’esperienza pas-
sata e delle attuali tendenze agli anni futuri. Il secondo procedimento pud forse dare risultati
ragionevolmente accurati per i prossimi 5§ o 10 anni, ma i risultati di ambedue i metodi, a
distanza di 20 o 30 anni nel futuro, sono puramente ipotetici. La previsione di una tendenza
del progresso tecnico & pill attendibile che la previsione dei periodi di tempo necessari alla
reslizzazione. In effetti la velocita con cui si jottengono certi progressi & legato all'entita dei
fondi stanziati, che a loro volta dipendono dall’apprezzamento pubblico e privato del valore
dell'esplorazione spaziale.

Questa nota riassume ]'attuale posizione tecnica ed elenca le ragioni per 'attuale rapido
procedere delle esplorazioni spaziali, come possiamo vederle oggigiorno. I risultati disponibili
e le tendenze attuali sono estrapolati per la prossima decina d’anni, con una piccola esemplifi-
cazione delle pill sudaci previsioni per un futuro pii lontano. Vengono inoltre pmeentah al-
cuni tra i problemi che si prospettano tecnicamente piu difficili.

11 futuro dell'astronautica, in ultima analisi, & affidato al talento di una moltitudine di
geniali e fantasiosi scienziati, ingegneri e tecnici di tutto il Mondo che debbono dedicare — in
comune — il loro talento all'ampliamento delle basi del sapere scientifico ed ingegneristico,
senza del quale ogni progresso in astronautica verrebbe rapidamente a cessare.

AmsTrRACT - The assessment of the future of astronautics is the task of a prophet, a
profession not recognized as an established branch of science. The methods of prophecy vary
from an exercise of intuition and faith to the more rational extrapolation of past experience
and present trends to the years ahead. The second procedure may give reasonably satisfac-
tory results for five or ten years ahead but the results by either procedure for twenty or fifty
years in the future are highly speculative. Prediction of the direction of technical progress
is more reliable than prediction of time scale. The actual rate of future progress depends on
the magnitude of the resources committed, which in turn are determined by the public and
private assessment of the values of space exploration.

This paper summarizes the present technical position as we see it today. The present
results and trends are extrapolated to the next decade, with a small sampling of the more

(*) Deputy Administrator, NASA; Washington D. C.
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imaginative speculations for the more distant future. A few of the more outstanding difficult
technical problems are described.

The future of astronautics in the last analysis rests with the talents of a host of inge-
nious and imaginative scientists, engineers, and technicians throughout the world who must
join together in devoting their talents to broaden the foundations of scientific and engineer-
ring knowledge without which progress in astronautics would soon cease.

Risovmt - Il n’appartient gu'au prophéte de donner une vue de 1'avenir de I'astronauti-
gue, mais la prophétie n's pas été rangée jusqu's présent parmi les disciplines scientifiques
reconnues. Les méthodes d’anticipation procédent ausai bien par I'intuition et la foi que par
une extrapolation plus rationnelle de 'expérience acquise et des voies ouvertes vers les
années & venir. Cette seconde méthode peut conduire & des conclusions plus ou moins valables
pour les cing ou dix années prochaines, mais dans un cas comme dans ['autre, les pronostics
qui concernent un avenir éloigné de quelque vingt ou cinguante années sont trés largement
du domaine de la speculation pure.Les pronostics sur l'orientation future du progrés techni-
sue présentent un plus haut degré de certitude que ceux qui visent un échelonnement dans le
tempe. La rapidité avec laquelle ces progrée seront accomplis dépendra de 1'importance des
ressources qui seront mises en oeuvre, celles-ci étant déterminées par 'opinion des secteurs
publics et privés sur 'intérét présenté par l'exploration de I'espace.

Cet expoeé fait le point de la question du point de vue technigue et indigue les raisons,
telles gu’elles apparaissent aujourd’hui, de la rapide avance de 'exploration de 'espace. L'au-
teur fait une extrapolation, pour la prochaine decennie, des résultats acquis & ce jour et des
orientations suivies et présente quelques-unes des vues les plus audacicuses pour un avenir
plus éloigné. 11 rend compte de certaines difficultés techniques particuliérement importantes.

L'avenir de l'astronautique dépend, en derniére analyse, du succés d'innombrables
savants, ingénieurs et techniciens du monde entier qui ont le devoir de mettre en commun
toutes les ressources de leur savoir et de leur imagination afin d’enrichir les bases de la con-
naissance scientifique et technique, faute de quoi tout progrés de 1’astronautique deviendrait
rapidement impossible.

Introduction.

' The assessment of the future of astronautics is the task of a prophet, a pro-
fession not recognized as an established branch of science. Prophecy is an art
rather than a profession and there are no established methods of procedure. Know-
ledge of specific developments in progress and past experience give a reasonable
basis for extrapolating a few years ahead. For the more distant future, imagina-
tion, intuition, and faith are the only tools, and these are inevitably colored by the
nature and environment of the prophet. He may be naturally an optimist or a
pessimist. The seeker for financial support and the salesman will see the future
very differently than the engineer responsible for the success of launching vehi-
cles on difficult missions. Some of the problems of predicting future developments
may be appreciated by looking backward in time by 52 years.
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1. Aeronautical Prophecies.

Wireur WricHT, at a dinner tendered in honor of the two WrigHT bro-
thers by the Aero Club of France on November 5, 1908, is reported to have
said: « I confess that in 1901 I said to my brother Orville that man would not
fly for fifty years. Two years later we ourselves made flights. This demonstra-
tion of my impotence as a prophet gave me such a shock that ever since I have
distrusted myself and avoided all predictions ».

Scientists did not have good records as prophets of the future of aeronautics.
Wirris L. Moorg, Chief of the U.S. Weather Bureau, stated in an address open-
ing the International Aeronautical Congress of 1907: « Commercially very little
is to be expected from either balloons or flying machines. For passenger traffic
the number carried will be 8o small and the cost so grea.t that no competition is
possible with existing modes of transit ».

Smon NEwcouMs in 1908 reported: « The writer cannot see how anyone who
carefully weighs all that he has said can avoid the conclusion that the era when
we shall take the flyer as we now take the train belongs to dreamland ».

The developments of the first fifty years gave the lie to the pessimists and
far exceeded the expectations of the optimists. I do not mean to imply that op-
timists are always right in every field. For example, in spite of optimism and
hard work, the Diesel engine never became successful as an aeronautical power
plant. However, I think we may conclude that today amid the great confusion
of voices of would-be prophets with their wide range of predictions, some prophe-
cies are bound to be right and with hindsight their authors will in the future be
regarded as men of vision.

2. A Prophecy of the Recent Past.

The technology to appear a few years ahead is always latent in the research
and development already under way. Thus it was easy for me to write on December
17, 1953, the fiftieth anniversary of the first flight of an airplane, that: « Taking
into consideration the speed at which guided missiles travel, that at which models
have been propelled, the experimental data available from hypersonic experiments
in wind tunnels and ranges, and the theoretical calculations which have been made,
we may reasonably suppose that a satellite vehicle is entirely practical now and
that travel to the moon is attainable in the next fifty years ».

The first satellite was successfully launched a little less than four years later
by the USSR. As of now it appears that travel to the moon will be accomplished
in much less than the remaining 43 years. Having thus undermined your confi-
dence in my qualifications, let us consider the present technical position, the de-
velopments of the next few years already in the planning and early developmental
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éts.ges, and some less solidly founded forecasts of things to come in later years.
Prediction of the direction of technical progress is more reliable than prediction
of time scale. The rate of future progress depends on the magnitude of the resources
committed, which in turn is determined by the public and private assessment of
tha values of space exploration.

3. Current Technical Position.

Let us then begin with a review of the present technical situation. The hea-
viest spacecraft launched to date is the 10,000 pound vehicle launched on August
20th /dogs carrying two which were recovered from orbit. The largest distance
over which communication has been established is 22 1/2 million miles by
Pioneer V. Satellites have been launched which represent major first steps in
their application to 8 new type of global communications system and to greatly
improved weather forecasting .Many scientific measurements have been made
of the space environment, resulting in new scientific discoveries such as the ra-
diation belts, anomalies in the earth’s magnetic field, specific effects associated
with solar flares, etc.

From a purely statistical point of view 27 earth satellites have been success-
fully launched in 49 known attempts. Five lunar and space probes have been suc-
cessfully launched in nine known attempts, of which one hit the moon, three are in
orbit around the sun, and one passed near the moon to return toward the earth.
Fifteen of the 27 earth satellites are still in orbit about the earth accompanied
by empty final rocket stages and miscellaneous debris such as ejected fairings, etc.
Only six are transmitting signals.

It is difficult to assess the scientific and technological results obtained in
purely statistical terms. To illustrate the nature of the information already ob-
tained, we may consider as examples Explorer VII, Tiros I, and Echo L.

Ezxplorer VII.

Explorer VII is an earth satellite weighing 91.5 pounds which was launched
on October 13, 1959 by a Juno II launch vehicle into an orbit inclined at 50.3¢
to the equator with a perigee of 345 statute miles, apogee of 678 statute miles
and period of 101.3 minutes. This satellite was the last of the satellites planned
as part of the IGY program. It carried detectors of Lyman-alpha and X-ray
solar radiation, ionization chambers for heavy cosmic rays, Geiger-Mueller tubes,
apparatus for measuring the thermal radiation balance of the earth, and micro-
meteorite detectors. Data from many of the experiments are still being recei-
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ved. Many of the records have not yet been processed and analyzed but many
significant results have already been reported by the experimenters.

= VAN ALLEN and his collaborators at the State University of Iowa have ob-
tained measurements of time and spatial variations in the outer radiation zone
which show interesting correlations with other geophysical observations. For
example, a drastic modification of the outer zone occurred on March 31 to April 10,

Fig. 1. Explorer VII (October 13, 1959).

1960 beginning with a large magnetic storm on March 31. Intensity levels fell from
200 to less than ten counts/second and rose to over 10,000 counts/second during
this event.

Suomi and his colleagues at the University of Wisconsin detected large scale
weather patterns in their thermal radiation balance experiments. For example,

an area covered with cold air or high clouds shows reductions in heat loss from the

average value of the order of ten percent.

Tiros 1.

Tiros I is an earth satellite weighing 270 pounds which was launched on
April 1, 1960 by a Thor-Able launch vehicle into a near-circular orbit at an in-
chination of 48.3° to the equator with a perigee of 435 statute miles and apogee of
468 statute miles with a period of 99.2 minutes. Its objective was to measure cloud
cover over as much of the globe as possible. The satellite is spin stabilized: hence
its axis remains fixed in space. Two television cameras are installed, one wide angle
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camers with f 1.5 lens and a narrow angle camera with f 1.8 lens, each providing
B00 lines per frame, the axes of the cameras being parallel with the spin axis of the
satellite. Hence pictures are obtained only when the satellite is in that part of
the orbit where the cameras see the sunlit portion of the earth. -

A magnetic tape recorder is provided for each camera with maximum capa-
city of 32 photographs taken at 30-second intervals. The recorder stores pictures
taken out of range of the two ground receiving stations. Timer systems are pro-
vided for programming on command. The pictures are transmitted by two 2-watt
FM transmitters at 235 mec/s. Two trackmgbeacons operated on 108 and 108.03
mc/s with 30 milliwatts output. Power is supplied from nickelcadmium batteries
charged by 9200 solar cells on the top and sides of the ¢ pill box » 42 inches in dia-
meter and 19 inches high which constitutes the outer shell of the satellite.

More than 22,000 pictures were received during the useful life of the satellite.
Each wide angle picture covers an area of roughly 800 miles on & side; each narrow
angle picture covers an area of roughly 80 miles on a side within the field of the
wide angle camera. Much new information on cloud structures associated with
large scale storms has been obtained, particularly the spirally-banded cloud for-
mations whose existence was previously unknown. Frontal systems and storm
centers are easily recognizable and their positions plotted accurately. Arrangements

are being made to index the photographs and to make copies available through
the IGY World Data Centers.

Useful pictures ceased on June 15, 1960 because of equipment failure but
the 108 mc/s tracking beacon continues to operate. On the basis of this and futu-
re meteorological satellites, it is hoped to develop within a few years an opera-
tional system for routine use in weather forecasting. We invite international coo-
peration in the study of the Tiros dats particularly in relation to meteorological
data obtained by ground and aircraft observations.

Echo 1.

Echo I is a plastic sphere 100 feet in diameter which was launched on August
12, 1960 by a Thor-Delta launching vehicle into a near-circular orbit at an ineli-
nation of 47.249 to the equator with a perigee of 945 statute miles and apogee of
1049 statute miles with a period of 118.3 minutes. The sphere was fabricated of
Dupont Mvlar Polvester film 0.0005 inches (0.013 mm/ thick which was then
covered with vapor-deposited aluminium on both surfaces to provide radio wave
reflectivity of 98 percent up to frequencies of 20.000 me/s. The sphere is inflated
after the satellite is in orbit.

The sphere weighs 136 pounds and contains 30 pounds of sublimating powder
{anthroguinone and benzoic acid) to maintain a small internal pressure in spite
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-of leakage due to puncture by micrometeorites. Two tracking beacons powered
by 70 solar cells weigh 1.4 pounds. They operate at a power of 10 milliwatts on
108 me/s. They container which carries the sphere into orbit weighs 24 pounds.
The primary obiective of Echo is to study the transmission of radio signals
(including voice modulation and other types of modulation) between distant

Fig. 6. Echo communications satellite.

points by reflection from the sphere as the first step in the investigation of the
feasibility of global communications systems using passive satellites as reflectors.
A secondary objective is to study the effects of the residual atoms, molecules,
and charged particles and of solar radiation on the motion of satellites at 1000
miles in the hope of learning more about the space environment at that alti-
tude. A third objective is to obtain experience with large light-weight struc-

tures in space.
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Fig. 7. Method of folding Echo satellite.

There are two primary stations taking part in the Echo communications
experiment: Bell Telephone Laboratories’ facility at Holmdel, New Jersey, and
the NASA-Jet Propulsion Laboratory station at Goldstone, California. BTL
transmits at 960 mec/s, JPL at 2390 me/s. BTL uses a receiver with tracking horn-
reflector antenna with maser amplifiers; JPL uses a receiver with 85-foot-diameter
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paraboloid antenna with parametric amplifiers. BTL transmits with a 60-foot
paraboloid antenna; JPL with an 85-foot paraboloid antenna.

In addition to the two primary stations, independent researchers all over
the world have been invited to engage in experiments of their own. Many have
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Fig. 8. Thor-Delta launch vehicle for Echo.

engaged in such experiments and the National Aeronautics and Space Admini-
stration is assisting them by providing tracking data.

Hundredso { experiments and transmissions have been conducted, using the
satellite as a relay. These include teletype, facsimile photographs, voice, music,
digitized coded data, and numerous electrical measurements to determine the
effects of the ionosphere on signal strength. With the low noise levels of the re-
ceivers used, the quality has been exceptional with little variation in signal stren-
nunications gth, which corresponds to the theoretically computed values within a few decibels.
Jersey, and
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