



[image: Cover Image]





VOICES FROM THE SKY
Previews of the Coming Space Age


Arthur C. Clarke


[image: image]


www.sfgateway.com




      

      Enter the SF Gateway …


      In the last years of the twentieth century (as Wells might have put it), Gollancz, Britain’s oldest and most distinguished science fiction imprint, created the SF and Fantasy Masterworks series. Dedicated to re-publishing the English language’s finest works of SF and Fantasy, most of which were languishing out of print at the time, they were – and remain – landmark lists, consummately fulfilling the original mission statement:


      

      ‘SF MASTERWORKS is a library of the greatest SF ever written, chosen with the help of today’s leading SF writers and editors. These books show that genuinely innovative SF is as exciting today as when it was first written.’


      


      Now, as we move inexorably into the twenty-first century, we are delighted to be widening our remit even more. The realities of commercial publishing are such that vast troves of classic SF & Fantasy are almost certainly destined never again to see print. Until very recently, this meant that anyone interested in reading any of these books would have been confined to scouring second-hand bookshops. The advent of digital publishing has changed that paradigm for ever.


      The technology now exists to enable us to make available, for the first time, the entire backlists of an incredibly wide range of classic and modern SF and fantasy authors. Our plan is, at its simplest, to use this technology to build on the success of the SF and Fantasy Masterworks series and to go even further.


      Welcome to the new home of Science Fiction & Fantasy. Welcome to the most comprehensive electronic library of classic SFF titles ever assembled.


      Welcome to the SF Gateway.


      




PREFACE 1


The essays in this section are all concerned with astronautics and astronomy.


The first was commissioned by the editor of the American Rocket Society’s magazine Astronautics for a special issue published in connection with the society’s Space Flight Report to the nation at the New York Coliseum, October 1961. It was later reprinted in Reader’s Digest.


“The Uses of the Moon” was written in May 1961, and it took the editors of Harper’s magazine an unconscionable amount of time before they decided to publish it They probably felt that their more conservative readers would regard lunar colonization as a joke—and they were right. (For one reaction, see “Dear Sir—”.) Several indignant letters were forwarded to me, and others were printed in the correspondence column. It is therefore with considerable satisfaction that I can record the article’s choice as the runner-up for the best magazine science writing of the year in the Westinghouse-American Academy of Science Annual Award.


Events since 1961 have not dated the conclusions; indeed, the Apollo Project has made them even more timely.




Space Flight and the Spirit of Man


It is exactly fifteen years since, at the October 1946 meeting of the British Interplanetary Society, I presented the first version of my paper The Challenge of the Spaceship, an inquiry into the cultural and philosophical implications of astronautics.1


At the time, as the title indicates, I was somewhat under the influence of Professor Toynbee, having just attended a lecture he had given at the Senate House, University of London, on “The Unification of the World/’ He had opened my eyes to the highly parochial view we Westerners take of human history, which is best summed up by our attitude that we discovered the rest of the world. Above all, however, I was struck by Toynbee’s emphasis on “challenge and response” as shaping the rise and fall of civilizations, and it seemed to me that we would be presented with a classic example of this when the Space Age opened. Here without question was the greatest physical challenge that life on this planet had faced since the distant days when it emerged from the sea and invaded that other hostile environment, the arid, sun-scorched land.


As I went on to consider the possibilities opened up by this new field of exploration, my mind was inevitably drawn to the great voyages of discovery of the fifteenth and sixteenth centuries. These were not only voyages of discovery, but of escape; they liberated men’s minds from the long trance of the Middle Ages, and fueled the fires of the Renaissance. Perhaps something similar would happen with space flight; looking toward a future which, in 1946, still seemed very distant, I wrote the following words:


With the expansion of the world’s mental horizons may come one of the greatest outbursts of creative activity ever known. The parallel with the Renaissance, with its great flowering of the arts and sciences, is very suggestive. “In human records,” wrote the anthropologist J. D. Unwin, “there is no trace of any display of productive energy that has not been preceded by a display of expansive energy. Although the two kinds of energy must be carefully distinguished, in the past they have been united in the sense that one has developed out of the other.” Unwin continues with this quotation from Sir James Frazer: “Intellectual progress, which reveals itself in the growth of art and science … receives an immense impetus from conquest and empire.” Interplanetary travel is now the only form of “conquest and empire” compatible with civilization. Without it, the human mind, compelled to circle forever in its planetary goldfish bowl, must eventually stagnate.


Now that we are well into the space age, and achievements which in 1946 seemed to belong to the remote future are milestones in the past, it is time to ask if these predictions of a cultural revival can still be justified—and even if they already show signs of coming true.


That the world is now space conscious, to an extent which would have seemed unbelievable only a few years ago, is a statement that needs no proof. But it is not yet space minded. By this, I mean that the general public still thinks of space activities almost exclusively in terms of military strength and international prestige. These matters are, of course, vitally important; yet in the long run, if there is a long run, they will be merely the ephemeral concerns of our neurotic age. In the sane society which we have to build if we are to survive, we must forget spacemanship and concentrate on space.


Unfortunately, altogether too many educators, intellectuals and other molders of public opinion, still regard space as a terrifying vacuum, instead of a frontier with infinite possibilities. Typical of this attitude, though seldom so clearly expressed, is the following passage from Professor Lewis Mum-ford’s The Transformation of Man:


Post-historic man’s starvation of life would reach its culminating point in interplanetary travel… . Under such conditions, life would again narrow down to the physiological functions of breathing, eating and excretion. … By comparison, the Egyptian cult of the dead was overflowing with vitality; from a mummy in his tomb one can still gather more of the attributes of a full human being than from a spaceman.


The almost laughable falsehood of this passage was demonstrated by Commander Shepard’s famous exclamation “What a beautiful sight!” as his Mercury capsule arced over the Caribbean. I would maintain that these words are enough to settle the matter, but it must be admitted that most people would prefer more substantial evidence for the benefits of manned space flight.


Let me first dispose of one argument for man in space that is frequently put forward, and which only confuses the issue. It is often suggested that the complexity and unreliability of automatic space probes will make it impossible to dispense with human astronauts, even if they merely serve as trouble shooters. This is a shortsighted view; in the not-too-distant future—perhaps only fifty years from now—we will have robots as good as any flesh-and-blood explorers. The frequent and predictable failures of the next decade’s automatic astronauts must not blind us to the fact that they will be only clumsy, moronic toys compared with their successors half a century hence. The justification of man in space must depend not upon the deficiencies of his machines, but upon the positive advantages that he, personally, will gain from going there.


There is no point in exploring—still less colonizing—a hostile and dangerous environment unless it opens up new opportunities for experience and spiritual enrichment. Mere survival is not sufficient; there are already enough examples on this planet of societies that have been beaten down to subsistence level by the forces of nature. The questions which all protagonists of space flight have to ask themselves, and answer to their own satisfaction, are these: What can the other planets offer that we cannot find here on Earth? Can we do better, on Mars or Venus, than the Eskimos have done in the Arctic? And the Eskimos, it is worth reminding ourselves, have done very well indeed; a dispassionate observer might reasonably decide that they are the only really civilized people on this planet.


The possible advantages of space can be best appreciated if we turn our backs upon it and return, in imagination, to the sea. Here is the perfect environment for life—the place where it originally evolved. In the sea, an all-pervading fluid medium carries oxygen and food to every organism; it need never hunt for either. The same medium neutralizes gravity, insures against temperature extremes, and prevents damage by too-intense solar radiation—which must have been lethal at the Earth’s surface before the ozone layer was formed.


When we consider these facts, it seems incredible that life ever left the sea, for in some ways the dry land is almost as dangerous as space. Because we are accustomed to it, we forget the price we have had to pay in our daily battle against gravity. We seldom stop to think that we are still creatures of the sea, able to leave it only because, from birth to death, we wear the water-filled space suits of our skins.


Yet until life had invaded and conquered the land, it was trapped in an evolutionary cul-de-sac—for intelligence cannot arise in the sea. The relative opacity of water, and its resistance to movement, were perhaps the chief factors limiting the mental progress of marine creatures. They had little incentive to develop keen vision (the most subtle of the senses, and the only long range one) or manual dexterity. It will be most interesting to see if there are any exceptions to this, elsewhere in the universe.


Even if these obstacles do not prevent a low order of intelligence arising in the sea, the road to further development is blocked by an impassable barrier. The difference between man and animals lies not in the possession of tools, but in the possession of fire. A marine culture could never escape from the Stone Age and discover the use of metals; indeed, almost all branches of science and technology would be forever barred to it.


Perhaps we would have been happier had we remained in the sea (the porpoises seem glad enough to have returned, after sampling the delights of the dry land for a few million years) but I do not think that even the most cynical philosopher has ever suggested that we took the wrong road. The world beneath the waves is beautiful, but it is hopelessly limited, and the creatures who live there are crippled irremediably in mind and spirit. No fish can see the stars; but we will never be content until we have reached them.


There is one point, and a very important one, at which the evolutionary parallel breaks down. Life adapted itself to the land by unconscious, biological means, whereas the adaptation to space is conscious and deliberate, made not through biological but through engineering techniques of infinitely greater flexibility and power. At least, we think it is conscious and deliberate, but it is often hard to avoid the feeling that we are in the grip of some mysterious force or Zeitgeist that is driving us out to the planets, whether we wish to go or not.


Though the analogy is obvious, it cannot be proved, at this moment of time, that expansion into space will produce a quantum jump in our development as great as that which took place when our ancestors left the sea. From the nature of things, we cannot predict the new forces, powers, and discoveries that will be disclosed to us when we reach the other planets or can set up laboratories in space. They are as much beyond our vision today as fire or electricity would be beyond the imagination of a fish.


Yet no one can doubt that the increasing flow of knowledge and sense impressions, and the wholly new types of experience and emotion, that will result from space travel will have a profoundly stimulating effect upon the human psyche. I have already referred to our age as a neurotic one; the “sick” jokes, the decadence of art forms, the flood of anxious self-improvement books, the etiolated cadavers posing in the fashion magazines—these are minor symptoms of a malaise that has gripped at least the Western world, where it sometimes seems that we have reached fin de siècle fifty years ahead of the calendar.


The opening of the space frontier will change all that, as the opening of any new frontier must do. It has saved us, perhaps in the nick of time, by providing an outlet for dangerously stifled energies. In William James’s famous phrase, it is the perfect “moral equivalent of war.”


From time to time, alarm has been expressed at the danger of “sensory deprivation” in space. Astronauts on long journeys, it has been suggested, will suffer the symptoms that afflict men who are cut off from their environment by being shut up in darkened, soundproofed rooms.


I would reverse this argument; our entire culture will suffer from sensory deprivation if it does not go out into space. There is striking evidence for this in what has already happened to the astronomers and physicists. As soon as they were able to rise above the atmosphere, a new and often surprising universe was opened up to them, far richer and more complex than had ever been suspected from ground observations. Even the most enthusiastic proponents of space research never imagined just how valuable satellites would actually turn out to be, and there is a profound symbolism in this.


But the facts and statistics of science, priceless though they are, tell only part of the story. Across the seas of space lie the new raw materials of the imagination, without which all forms of art must eventually sicken and die. Strangeness, wonder, mystery, adventure, magic—these things, which not long ago seemed lost forever, will soon return to the world. And with them, perhaps, will come again an age of sagas and epics such as Homer never knew.


Though we may welcome this, we may not enjoy it, for it is never easy to live in an age of transition—indeed, of revolution. As the old Chinese curse has it: “May you live in interesting times,” and the twentieth century is probably the most “interesting” period that mankind has ever known. The psychological stresses and strains produced by astronautics—upon the travelers and those who stay at home—will often be unpleasant, even though the ultimate outcome will be beneficial to the race as a whole.


The American public has already experienced some emotional highs and lows that give a slight foretaste of what is to come. To date, the extremes are well represented by the explosion of the first Vanguard, and the success of the first manned sub-orbital shot, when the whole nation stopped its work and play to watch Cape Kennedy. But these are only pale shadows of such future triumphs and disasters as the landing on the Moon—or the impact of a Nova-class vehicle on Miami Beach.


We must also prepare ourselves for the probability—in fact, the virtual certainty—that the most painful and uncomfortable shocks will involve our philosophical and religious beliefs. Many optimistic apologists have tried to deny this, but the clear verdict of history is against them.


We now take it for granted that our planet is a tiny world in a remote corner of an infinite universe, and have forgotten how this discovery shattered the calm certainties of medieval faith. Even the echoes of the second great scientific revolution are now swiftly fading; today, except in a few backward regions, the theory of evolution arouses as little controversy as the statement that the Earth moves round the Sun. Yet it is only a hundred years since the best minds of the Victorian age tore themselves asunder because they could not face the facts of biology.


Space will, sooner or later, present us with facts that are much more stubborn, and even more disconcerting. There can be little reasonable doubt that, ultimately, we will come into contact with races more intelligent than our own. That contact may be one-way, through the discovery of ruins or artifacts; it may be two-way, over radio or laser circuits; it may even be face to face. But it will occur, and it may be the most devastating event in the history of mankind. The rash assertion that “Cod made man in His own image” is ticking like a time bomb at the foundations of many faiths, and as the hierarchy of the universe is disclosed to us, we may have to recognize this chilling truth: if there are any gods whose chief concern is man, they cannot be very important gods.


The best examination I have seen of the probable effects of space travel upon our philosophical-religious beliefs was made in a broadcast by Derek Lawden, well known for his work on interplanetary orbits. Because few people outside New Zealand will have heard his stimulating talk, it is worth giving Professor Lawden’s conclusions at some length:


I think man will see himself as one agent by which the whole universe of matter is slowly becoming conscious of itself. He will cease to feel an alien creature in an indifferent world, but will sense within himself the pulse of the cosmos. He’ll become familiar with the marvellous and varied forms which can be assumed by matter … and he’s certain to develop a feeling of reverence for the awe-inspiring whole of which he’s a very small part. I suggest to you that his reaction to these impressive experiences will find its expression in a pantheism which will at last provide a philosophy of life and an attitude to existence which is in harmony with science. … It may be objected that the physical universe could never become the object of worship. I ask anyone who denies this possibility to turn his eyes skyward on a clear night… . Others may object that such a religion would possess little moral content. I would reply that this is by no means self-evident, but that, in any case, the conjunction of religion and ethics … is certainly not invariable; in fact, there’s an excellent case for keeping the two separate… . Morality in the modem Western world has been greatly weakened because of its strong ties with Christianity, for as one decays, so does the other… .


These are hard sayings, which many will find unpalatable; the truth may be yet harder. Perhaps if we knew all that lay ahead of us on the road to space—a hundred or a thousand or a million years in the future—no man alive would have the courage to make the first step. But that first step—and the second—has already been taken; to turn back now would be treason to the human spirit, even though our feet must some day carry us into realms no longer human.


The eyes of all the ages are upon us now, as we create the myths of the future at Cape Kennedy and Baikonur. No other generation has been given such powers, and such responsibilities. The impartial agents of our destiny stand on their launching pads, awaiting our commands. They can take us to that greater Renaissance whose signs and portents we can already see, or they can make us one with the dinosaurs.


The choice is ours, it must be made soon, and it is irrevocable. If our wisdom fails to match our science, we will have no second chance. For there will be none to carry our dreams across another dark age, when the dust of all our cities incarnadines the sunsets of the world.




The Uses of the Moon


The two greatest nations in the world are now preparing to land men on the Moon within the next decade. This will be one of the central facts of political life in the years to come; indeed, it may soon dominate human affairs. It is essential, therefore, that we understand the importance of the Moon in our future; if we do not, we will be going there for the wrong reasons, and will not know what to do when we arrive.


Many people imagine that the whole project of lunar exploration is merely a race with the Russians—a contest in conspicuous consumption of brains and material, designed to impress the remainder of mankind. No one can deny the strong element of competition and national prestige involved, but in the long run, this will be the least important aspect of the matter. If the race to the Moon were nothing more than a race, it would make good sense to let the Russians bankrupt themselves in the strain of winning it, in the calm confidence that their efforts would collapse in recriminations and purges some time during the 1970’s.


There are some shortsighted people (including a few elderly, but unfortunately still influential, scientists) who would adopt just such a policy. Why spend tens of billions of dollars, they ask, to land a few men on a barren, airless lump of rock, nothing more than a cosmic slagheap, baked by the Sun during the daytime and frozen to subarctic temperatures in the long night? The polar regions of this Earth are far more hospitable; indeed, the deep oceans could probably be exploited and even colonized for a fraction of the sum needed to conquer the Moon.


All this is true; it is also totally irrelevant. The Moon is a barren, airless wasteland, blasted by intolerable radiations. Yet a century from now it may be an asset more valuable than the wheatfields of Kansas or the oil wells of Oklahoma. And an asset in terms of actual hard cash—not the vast imponderables of adventure, romance, artistic inspiration and scientific knowledge. Though, ultimately, these are the only things of real value, they can never be measured. The conquest of the Moon, however, can be justified to the cost accountants, not only to the scientists and the poets.


Let me first demolish, with considerable pleasure, one common argument for going to the Moon—the military one. Some ballistic generals have maintained that the Moon is “high ground” that could be used for reconnaissance and bombardment of the Earth. Though I hesitate to say that this is complete nonsense, it is as near to it as makes very little practical difference.


You cannot hope to see as much from 250,000 miles away as from a TV satellite just above the atmosphere, and the use of the Moon as a launching site makes even less sense. For the effort required to set up one lunar military base with all its supporting facilities, at least a hundred times as many bases could be established on Earth. Also it would be far easier to intercept a missile coming from the Moon, and taking many hours for the trip in full view of telescopes and radar, than one sneaking round the curve of the Earth in twenty minutes. Only if, which heaven forbid, we extend our present tribal conflicts to the other planets will the Moon become of military importance.


Before we discuss the civilized uses of our one natural satellite, let us summarize the main facts about it. They may be set down quite briefly:


The Moon is a world a quarter the diameter of Earth, its radius being just over a thousand miles. Thus its area is one-sixteenth of our planet’s—more than that of Africa, and almost as much as that of both the Americas combined. Such an amount of territory is not to be despised; it will take many years (and many lives) to explore it in detail.


The amount of material in the Moon is also impressive; if you would like it in tons, the figure comes to 750,000,000,000,000,000,000,000, which is millions of millions of times more than all the coal, iron, minerals and ores that man has shifted in the whole of history. It is not enough mass, however, to give the Moon much of a gravitational pull; as everyone now knows, a visitor to the Moon has only a fraction (actually one-sixth) of his terrestrial weight.


This low gravity has several consequences, almost all of them good. The most important is that the Moon has been unable to retain an atmosphere; if it ever had one, it long ago escaped from the Moon’s feeble clutch and leaked off into space. For all practical purposes, therefore, the lunar surface is in a perfect vacuum. (This is an advantage? Yes: we’ll see why in a moment.)


Because there is no atmosphere to weaken the Sun’s rays, or to act as a reservoir of heat during the nighttime, the Moon is a world of very great temperature extremes. On our Earth, in any one spot, the thermometer seldom ranges over as much as a hundred degrees even during the course of a year. Though the temperature can exceed 100°F in the tropics, and drop to 125° below zero in the Antarctic, these figures are quite exceptional. But every point on the Moon undergoes twice this range during the lunar day; indeed, an explorer could encounter such changes within seconds, merely by stepping from sunlight into shadow or vice versa.


This obviously presents problems, but the very absence of atmosphere which causes such extremes also makes it easy to deal with them—for a vacuum is one of the best possible heat insulators, a fact familiar to anyone who has ever taken hot drinks on a picnic.


No air means no weather. It is hard for us, accustomed to wind and rain, cloud and fog, hail and snow to imagine the complete absence of all these things. None of the meteorological variations which make life interesting, unpredictable and occasionally impossible on the surface of this planet takes place on the Moon: the only change which ever occurs is the regular, utterly unvarying cycle of day and night. Such a situation may be monotonous but it simplifies, to an unbelievable extent, the problems facing architects, engineers, explorers and indeed everyone who will ever conduct operations of any kind on the surface of the Moon.


The Moon turns rather slowly on its axis, so that its day (and its night) are almost thirty times longer than ours. As a result, the sharp-edged frontier between night and day, which moves at a thousand miles an hour on the Earth’s equator, has a maximum speed of Jess than ten miles an hour on the Moon. In high lunar latitudes, a walking man could keep in perpetual daylight with little exertion. And because the Moon turns on its axis in the same time as it revolves around the Earth, it always keeps the same hemisphere turned toward us. Until the advent of Lunik III, this was extremely frustrating to astronomers; in another generation, as we shall see, they will be very thankful for it.


So much for the main facts; now for a few assumptions which most people would accept as reasonable in 1961, though they would have laughed at them before 1957.


The first is that suitably protected men can work and carry out engineering operations on the face of the Moon, either directly or by remote control through robots.


The second is that the Moon consists of the same elements as the Earth, though doubtless in different proportions and combinations. Most of our familiar minerals will be missing: there will be no coal or limestone, since these are the products of life. But there will be carbon, hydrogen, oxygen, and calcium in other forms, and we can evolve a technology to extract them from whatever sources are available. It is even possible that there may be large quantities of free (though frozen) water not too far below the Moon’s surface; if this is the case, one of the chief problems of the lunar colonists will be solved.


In any event, without going into details of mining, ore processing and chemical engineering, it will be possible to obtain all the materials needed for maintaining life. The first pioneers will be content with mere survival, but at a later stage they will build up a self-supporting industry based almost entirely on lunar resources. Only instruments, specialized equipment and men will come from Earth; the Moon will supply all the rest—ultimately, of course, even the men.


There have been many studies and books on the subject of lunar colonization (I have written one myself) and all those who have gone into the subject are agreed on the general picture. The details vary, as they must until we have much more exact knowledge of conditions on the Moon, but that is of no importance. It may take as little as fifty years (the interval between the Wright biplane and the B-52!) to establish a viable lunar colony; it may take a hundred. But if we wish, it can be done; on the Moon, to borrow the words of William Faulkner’s Nobel Prize speech, “Man will not merely survive—he will prevail.”


Now for the reasons why it is worth the expense, risk and difficulty of prevailing on the inhospitable Moon. They are implicit in the question: what can the Moon offer that we cannot find on Earth?


One immediate but paradoxical answer is Nothing—millions of cubic miles of it. Many of the key industries in the modern world are based on vacuum techniques; electric lighting and its offspring radio and electronics could never have begun without the vacuum tube, and the invention of the transistor has done little to diminish its importance. (The initial steps of transistor manufacture have themselves to be carried out in vacuum.) A great many metallurgical and chemical processes, and key stages in the production of such drugs as penicillin, are possible only in a partial or virtually complete vacuum; but it is expensive to make a very good vacuum, and impossible to make a very large one.


On the Moon, there will be a “hard” vacuum of unlimited extent outside the door of every airlock. I do not suggest that it will be worthwhile switching much terrestrial industry to the Moon, even if the freight charges allowed it. But the whole history of science makes it certain that new processes and discoveries of fundamental importance will evolve as soon as men start to carry out operations in the lunar vacuum. Low-pressure physics and technology will proceed from rags to riches overnight; industries which today are unimagined will spring up on the Moon and ship their products back to Earth. For in that direction, the freight charges will be relatively low.


And this leads us to a major role that the Moon will play in the development of the solar system: it is no exaggeration to say that this little world, so small and close at hand (the very first rocket to reach it took only thirty-five hours on the journey) will be the stepping stone to all the planets. The reason for this is its low gravity; it requires twenty times as much energy to escape from the Earth as from the Moon. As a supply base for all interplanetary operations, therefore, the Moon has an enormous advantage over the Earth—assuming, of course, that we can find the materials we need there. This is one of the reasons why the development of lunar technology and industry is so important.


From the gravitational point of view, the Moon is indeed high ground, while we on the Earth are like dwellers at the bottom of an immensely deep pit out of which we have to climb every time we wish to conduct any cosmic explorations. No wonder that we must burn a hundred tons of rocket fuel for every ton of payload we launch into space—and on a one-way trip at that. For return journeys, thousands of tons would be needed.


This is why all Earth-based plans for space travel are so hopelessly uneconomic, involving gigantic boosters with tiny payloads. It is as if, in order to carry a dozen passengers across the Atlantic, we had to construct a ship weighing as much as the Queen Elizabeth but costing very much more. (The development costs for a large space vehicle are several billion dollars.) And, to make the whole thing completely fantastic, the vehicle can be used only once, for it will be destroyed in flight. Of the tens of thousands of tons that leave the Earth, only a small capsule will return. The rest will consist of boosters dropped in the ocean or discarded in space.


When nuclear power is harnessed for rocket propulsion, the position will be improved from the preposterous to the merely absurd. For even nuclear rockets must carry hundreds or thousands of tons of reaction mass, to provide a thrust when it is ejected. Every rocket, nuclear or chemical, has to have something to push against; that something is not the surrounding air, as many people once believed, but the rocket’s own fuel.


However, the nuclear rocket will use the very simplest of fuels—plain hydrogen. There must be plenty of this on the Moon, combined in water (which is 11 per cent hydrogen) or in some other form. The first order of business in lunar exploration will be to locate sources from which hydrogen may be obtained; when this has been done, and it is possible for ships to refuel on the Moon, the cost, difficulty and complexity of all space operations will be reduced at least tenfold.


Since spacecraft need not carry fuel for the return trip (imagine where transatlantic flying would be today, if it operated on this basis!) it will no longer be necessary to build and jettison ten-thousand-ton vehicles to deliver ten ton pay-loads. Instead of monstrous, multistaged boosters, we can use relatively small rockets that can be refueled and flown over and over again. Space flight would emerge from its present status as a fantastically expensive stunt, and would start to make economic—perhaps even commercial—sense.


This, however, would be only a beginning. The big breakthrough toward really efficient space operations may depend upon the fortunate fact that the Moon has no atmosphere. The peculiar (by our standards—they are normal by those of the universe) conditions prevailing there permit a launching technique much more economical than rocket propulsion. This is the old idea of the “space gun,” made famous by Jules Verne almost a hundred years ago.


It would probably not be a gun in the literal sense, powered by chemical explosives, but a horizontal launching track like those used on aircraft carriers, along which space vehicles could be accelerated electrically until they reached sufficient speed to escape from the Moon. It is easy to see why such a device is completely impractical on Earth, but might be of enormous value on the Moon.


To escape from the Earth, a body must reach the now familiar speed of 25,000 miles an hour. At the fierce acceleration of ten gravities, which astronauts have already withstood for very short periods of time, it would take two minutes to attain this speed—and the launching track would have to be four hundred miles long. If the acceleration were halved to make it more endurable, the length of the track would have to be doubled. And, of course, any object traveling at such a speed in the lower atmosphere would be instantly burned up by friction. We can forget all about space guns on Earth.


The situation is completely different on the Moon. Because of the almost perfect vacuum, the lunar escape speed of a mere 5,200 m.p.h. can be achieved at ground level without any danger from air resistance. And at an acceleration of ten gravities, the launching track need be only 19 miles long—not 400, as on the Earth. It would be a massive piece of engineering, but a perfectly practical one, and it would wholly transform the economics of space flight.


Vehicles could leave the Moon without burning any fuel at all; all the work of take-off would be done by fixed power plants on the ground, which could be as large and massive as required. The only fuel that a space vehicle returning to Earth need carry would be a very small amount for maneuvering and navigating. As a result, the size of vehicle needed for a mission from Moon to Earth would be reduced tenfold; a hundred-ton spaceship could do what had previously required a thousand-tonner.


This would be a spectacular enough improvement; the next stage, however, would be the really decisive one. This is the use of a Moon-based launcher or catapult to place supplies of fuel where they are needed, in orbit round the Earth or indeed any other planet in the solar system.


It is generally agreed that long-range space flight—particularly voyages beyond the Moon—will become possible only when we can refuel our vehicles in orbit. Plans have been drawn up in great detail for operations involving fleets of tanker rockets which, perhaps over a period of years, could establish what are virtually filling stations in space. Such schemes will, of course, be fantastically expensive, for it requires about fifty tons of rocket fuel to put a single ton of payload into orbit round the Earth, only a couple of hundred miles up.


Yet a Moon-based launcher could do the same job—from a distance of 250,000 miles!—for a twentieth of the energy and without consuming any rocket fuel whatsoever. It would launch tanks of propellants “down” toward Earth, and suitable guidance systems would steer them into stable orbits where they would swing around endlessly until required. This would have as great an effect on the logistics of space flight as the dropping of supplies by air has already had upon polar exploration; indeed, the parallel is a very close one.


Though enormous amounts of power would be required to operate such lunar catapults, this will be no problem in the twenty-first century. A single hydrogen bomb, weighing only a few tons, liberates enough energy to lift a. hundred million tons completely away from the Moon. That energy will be available for useful purposes when our grandchildren need it; if it is not, we will have no grandchildren.


There is one other application of the lunar catapult that may be very important, though it may seem even more farfetched at the present time. It could launch the products of the Moon’s technology all the way down to the surface of the Earth. A rugged, freight-carrying capsule, like a more refined version of today’s nose cones and re-entry vehicles, could be projected from the Moon to make an automatic landing on the Earth at any assigned spot. Once again, no rocket fuel would be needed for the trip, except a few pounds for maneuvering. All the energy of launching would be provided by the fixed power plant on the Moon; all the slowing down would be done by the Earth’s atmosphere. When such a system is perfected, it may be no more expensive to ship freight from Moon to Earth than it is now to fly it from one continent to another by jet. Moreover, the launching catapult could be quite short, since it would not have to deal with fragile human passengers. If it operated at fifty gravities acceleration, a four-mile-long track would be sufficient.


I have discussed this idea at some length for two reasons. The first is that it demonstrates how, by taking advantage of the Moon’s low gravity, its airlessness, and the raw materials that must certainly be there, we can conduct space exploration far more economically than by basing our operations on Earth. In fact, until some revolutionary new method of propulsion is invented, it is hard to see any other way in which space travel will be practical on the large scale.


The second reason is the slightly more personal one that, to the best of my knowledge, I was the first to develop this idea in a 1950 issue of the Journal of the British Interplanetary Society. Five years earlier I had proposed the use of satellites for radio and TV communications; I did not expect to see either scheme materialize in my lifetime, but one has already happened and now I wonder if I may see both.


The subject of communications leads us to another extremely important use of the Moon. As civilization spreads throughout the solar system, the Moon will provide the main link between Earth and her scattered children. For though it is just as far to the other planets from the Moon as from the Earth, sheer distance is not the only factor involved. The Moon’s surface is already in space, while the surface of the Earth—luckily for us—is shielded from space by a whole series of barriers through which we have to drive our signals.


The best known of these barriers is, of course, the ionosphere, which reflects all but the shorter radio waves back to Earth. The shortest waves of all, however, go through it with little difficulty, so the ionosphere is no hindrance to space communications.


What is a serious barrier—and this has been realized only during the past year—is the atmosphere itself. Thanks to the development of an extraordinary optical device called the laser, which produces an intense beam of almost perfectly parallel light, it now appears that the best agent for long distance communications is not radio, but light. A light beam can carry millions of times as many messages as a radio wave, and can be focused with infinitely greater accuracy. Indeed, a laser-produced light beam could produce a spot on the Moon only a few hundred feet across, where the beam from a searchlight would be thousands of miles in diameter. Thus colossal ranges could be obtained with very little power; calculations show that with lasers we can think of signaling to the stars, not merely to the planets.


But we cannot use light beams to send messages through the Earth’s erratic atmosphere; a passing cloud could block a signal that had traveled across a billion miles of space. On the airless Moon, however, this would be no problem, for the sky is perpetually clear to waves of all frequencies, from the longest radio waves, through visible light, past the ultraviolet and even down to the short X rays which are blocked by a few inches of air. This whole immense range of electromagnetic waves will be available for communications or any other use-perhaps such applications as the broadcasting of power, which have never been practical on Earth. There will be enough “band width” or ether space for all the radio and TV services we can ever imagine, no matter how densely populated the planets become and however many messages the men of the future wish to flash back and forth across the solar system.
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