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      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.
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FOREWORD

Much of Europe and Japan was still in ruins when, two years after the end of World War II, the famous historian Arnold Toynbee gave a lecture at London University’s Senate House entitled ‘The Unification of the World’. I cannot recall what prompted me to attend, and all I remember of the talk is its basic thesis: that developments in transport and communications had created – or would create – a single planetary society. In November 1947, that was an unusually far-sighted view; the phrase ‘global village’ still lay a decade in the future, and Marshall McLuhan had yet to herald the dawn of electronic culture.

Thanks to the transistor and the microchip, that dawn has certainly arrived – if one uses a somewhat generous definition of the word ‘culture’. The world, however, is still far from being unified; in some regions, indeed, it appears to be rapidly coming apart at the seams.

Nevertheless, Toynbee was essentially correct. Except for a few dwindling tribes in (alas) equally dwindling forests, the human race has now become almost a single entity, divided by time zones rather than the natural frontiers of geography. The same TV news networks cover the globe; the world’s markets are linked by the most complex machine ever devised by mankind – the international telephone/telex/fax/data transfer system. The same newspapers, magazines, fashions, consumer goods, automobiles, soft drinks may be found anywhere between the North and South Poles; and at a World Cup Final, at least 50 per cent of the males of the species will be found sitting in front of a TV set, probably made in Japan.

Despite all the linguistic, religious and cultural barriers that still sunder nations and divide them into yet smaller tribes, the unification of the world has passed the point of no return, even if it is sometimes a shot-gun marriage between reluctant partners. The greater problem now is to preserve our planet’s diversity, and to save what is best of the past before it is obliterated. One World is better than its all-too-probable alternative – No World; but who would wish it to be a world of featureless uniformity?

The present global society has been largely created by the two technologies of transportation and communication, and it could be argued that the second is the more important. One can imagine a planet (I generously present the idea to my fellow science-fiction writers) where long-distance travel was extremely difficult, or indeed impossible. But if the inhabitants of such a world had developed efficient communications, they might still consider themselves members of a single society.

I have been involved with communications for most of my life, usually as a customer, but sometimes as an active agent. And it was not always telecommunications; I was a part-time postman for some years, delivering the mail by bicycle over a dozen or so miles of Somerset countryside for a modest stipend from my aunt Hepzibah Grimstone, the village postmistress. We were, in fact, an old Post Office family; my father Charles Wright Clarke was a GPO engineer, and my mother Nora Mary Clarke (née Willis) was a telegraph operator. Charlie courted her in Morse Code, which she could still send and read at high speed even in her old age.

The telephone came to our rather isolated farm in the early twenties, in circumstances which I always thought were somewhat suspicious. A large number of poles had to be dragged across fields and duly erected, since we were at least a kilometre from the nearest connection. This must have been a fairly expensive operation; and guess which farmer got the contract …As far as the local telephone exchange was concerned, it must have been years before Bishop’s Lydeard 228 showed a profit.

After I had delivered the morning mail and done my day’s studies at Huish’s Grammar School, Taunton – which involved another ten kilometres on my one-speed bicycle – I would return to the post office and spend the night sleeping beside the telephone switchboard. This was a massive wood-and-brass affair festooned with plugs and cables, and covered with little mechanical eyelids which blinked when there was an incoming call. Fortunately, these were infrequent during the night, and I soon learned to safeguard my sleep by immobilising the more annoying eyelids with a well-placed pencil.

One night, when for a change I was doing my job conscientiously, something extraordinary happened. There was a call from the United States. Fascinated, I started to eavesdrop – only to be reprimanded on another circuit by the supervisor at the international exchange. My illicit monitoring had overloaded the system, and I was brusquely ordered to get off the line. I have often wondered who was making that expensive call to our remote village. It was already almost lost in the hiss of cosmic noise, even before I started to siphon away its few remaining microwatts.

For in those days (circa 1933) the only way to make an intercontinental telephone call was by short-wave radio, with the limitations well known to a couple of generations of ‘ham’ operators. Establishing a voice circuit was a gamble on the state of the ionosphere, which in turn depended upon the weather in the sun (yes, the sun has storms, and occasional rain – of incandescent carbon particles). This was a terrible way to run a business, but no one could think of anything better. The only reliable way of communicating across the oceans was through submarine cables; and, owing to apparently fundamental engineering constraints, these could not handle signals more complex than the dots and dashes of telegraph messages.

This situation changed dramatically as a result of the great advances in electronics stimulated by World War II, and a transatlantic telephone cable was planned, as a joint Anglo-American effort, in 1953. A few years later, knowing my interest in all forms of communication, my friend Dr John Pierce (then Director of Research at Bell Labs) persuaded me to write a nontechnical account of this history-making enterprise. The book would be timed to celebrate the approaching centennial of the first Atlantic telegraph cable, 1858 – a piece of which is hanging on my office wall at this very moment (courtesy of FCC Commissioner and Ambassador Abbott Washburn, who represented the United States in the complex negotiations setting up INTELSAT – see Chapter 32).

Voice across the Sea (dedicated To John Pierce, who bullied me into writing it ) was duly published by Harper in 1958 – just in time to record the launch of Sputnik 1, which opened the Space Age. I had already written another book, The Making of a Moon (1957), about the planned US artificial satellite, and had devoted a chapter to the immense potential of what are now known as ‘comsats’. So even as TAT-1, the first Atlantic telephone cable, was being laid, the technology that would rival – and perhaps supersede it – was undergoing its painful birth, with spectacular explosions at Cape Canaveral and Baikonur. The final chapter of Voice across the Sea concluded: It may well be that the submarine cable, even in the moment of its greatest technical triumph for a hundred years, is already doomed … Even if this is so, there can be no doubt that it still has many decades of service ahead of it. It may not celebrate its second century, but nevertheless its old age will be even more vigorous and active than its youth.’

Those words, written in 1957, indicate that though I believed cables would be around for quite a while yet, I did not really believe that they had a long-term future. Satellites would eventually replace them, especially as there appeared to be no way in which submarine cables could provide the enormous band-width required for the most exciting form of communication – intercontinental television. The pioneering TAT-1 could handle only thirty-six speech circuits; it would have required at least twenty similar cables, working in parallel, to carry a single TV channel. Not a technical impossibility – but economic madness. For this type of service, at least, there was no way that cable could compete with the satellites I expected to be launched during the next few decades.

I should have recalled Clarke’s First Law (see Profiles of the Future): ‘When a distinguished but elderly scientist says that something is possible, he is almost certainly right. When he says it is impossible, he is very probably wrong.’

During the seventies and eighties, communications satellites did indeed perform even beyond my most optimistic expectations, as recorded later in this book. But the submarine cable systems fought back, providing a textbook example of Toynbee’s ‘challenge and response’ thesis. The transistor arrived just in time to replace the power-hungry vacuum tubes used in TAT-1, and within twenty years the transatlantic capability of a mere thirty-six voice circuit had been increased to several thousand. Cable TV between Europe and America was theoretically possible, and if the satellites had not existed it might have been attempted for major news or sports items important enough to pre-empt a hundred revenue-earning telephone circuits.

Then, in one of the most dramatic – and unexpected – breakthroughs in any technology, the potential of cable systems was abruptly transformed. The two-centuries-old monopoly of the electric current was suddenly ended; light waves could give an orders-of-magnitude better performance. Massive copper cables were replaced by slim bundles of glass fibres – and, for the third time since the 1850s, the sea-beds of the world began to be draped with the newest and most sophisticated artefacts of human engineering.

From the nature of the subject, this book (whose title, alas, cannot be properly translated from English into any other language) falls into two distinct sections. The first is the more romantic, for it covers the brave pioneering days when fortunes were made and lost in bold gambles against the forces of Nature, and the fabulous Great Eastern dominated the seas as no ship will ever do again. By contrast, today’s story is one of scientific, not physical, adventure; yet it will, I hope, appeal to those who have no technical background or interests whatsoever.

The first section is contained in Part I, ‘Wiring the Abyss’, which describes the laying of the first Atlantic telegraph cables – the Victorian Age’s equivalent of the Apollo Project. Now largely forgotten, it still has many lessons for our time. Part II, ‘Voice across the Sea’, jumps forward a century to the time in the late 1950s when the submarine cables started to talk, and true intercontinental telephony was born. Most of Parts I and II originally appeared in my 1958 book, but I have added three chapters to cover the early days of radio. Part III, ‘A Brief Prehistory of Comsats’, concerns my personal involvement in the communications satellite story; some readers may be surprised to encounter fiction in a book of this nature – but that fiction is, in the circumstances, part of the history. Part IV, ‘Starry Messengers’, describes how science fiction became science fact. Because this is a continuing story, well documented in hundreds of books and technical journals – not to mention public media – I have not gone into anything like as much detail as in the first two parts. To do that is not only unnecessary, but would require a book many times the size of this one. However, as I have known many of the characters involved in this continuing saga, I have not hesitated to include a good deal of personal material. And, in the chapter entitled ‘CNN Live, I touch on the dramatic events which took place while this book was being written. Though I wish that such a demonstration could have been avoided, the world’s first – and hopefully last – ‘satellite war proved beyond any doubt the power of the new technology. Part V, ‘Let There Be Light!’, touches briefly on the cable renaissance brought about by fibre optics; which, although it has barely begun, already has the satellite builders and launchers looking anxiously over their shoulders.

Many readers may regard the final chapter, ‘As Far As Eye Can See’ as another exercise in science fiction. However, as Part III demonstrated, almost all of this book was SF less than a lifetime ago, and it is folly to imagine that our present technology represents the last word in telecommunications – or anything else.

Still, I wouldn’t bet too much money on any of the possibilities (or impossibilities) discussed in this final chapter. I suspect that the truth, as always, will be far stranger.

Colombo, Sri Lanka 
20 April 1991
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WIRING THE ABYSS
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INTRODUCTION

This is the story of Man’s newest victory in an age-old conflict – his war against the sea. It is a story of great moral courage, of scientific skill, of million-dollar gambles; and though it affects every one of us directly or indirectly, it is almost entirely unknown to the general public.

Our civilisation could not exist without efficient communications; we find it impossible to imagine a time when it took a month to get a message across the Atlantic and another month (if the winds were favourable) to receive the reply. It is hard to see how international trade or cultural exchanges could flourish or even exist in such circumstances. News from far parts of the world must have been rather like the information that astronomers glean about distant stars – something that happened a long time ago, and about which there is nothing that can be done.

This state of affairs has existed for the greater part of human history. During all that time, the only methods of signalling to distant points depended upon sound or light. The human voice – even aided by the very ingenious modulation techniques employed by Swiss yodellers and Basque mountaineers – carries only one or two kilometres at the most. Jungle drums have a much greater range, which can be extended indefinitely by relaying. However, this reduces the rate of transmission and, even worse, vastly increases the possibility of error.

The simplest, and perhaps oldest, ways of sending information over long distances were smoke signals during the daytime and beacon fires at night. Both methods were vulnerable to weather and limited in content, being restricted to prearranged messages of the type ‘The Armada has/has not been sighted’ or ‘The British are coming by day/night’.

Much more sophisticated was signalling by flags (used by ships even today), semaphores (see your local railway, if you have one) and heliographs – the walkie-talkies of Kipling’s India, whose delicately-balanced mirrors used sunlight to flash Morse code along the Khyber Pass.

The world’s first regular telegraph network was established in France by Claude Chappe in 1793; the word itself, meaning ‘writing from afar had been invented from the Greek just two years earlier, so is due for its Bicentennial.

Chappe’s system used movable arms on towers in line-of-sight of each other, and the operators read the messages by means of telescopes. It was clumsy but effective, and as there was no practical alternative it was soon copied everywhere. Though it lasted only a few decades, it left its mark. There are still many ‘Telegraph Hills’ on the map.

But when Queen Victoria came to the throne in 1837, she had no swifter means of sending messages to the far parts of her empire than had Julius Caesar – or, for that matter, Moses. The galloping horse and the wind-driven sailing-ship remained the swiftest means of transport, as they had been for 5000 years. Real telecommunication, with virtually no limitations on range, speed or contents, was not possible until the scientists of the early nineteenth century started to investigate the curious properties of electricity.

Here was a servant which within little more than two lifetimes would transform the world almost beyond recognition and sweep away the ancient barriers of time and distance. It was soon found that the ‘electric fluid’ travelled through conducting wires at a velocity so great that there was no way of measuring it, and at once ingenious experimenters in many countries attempted to use this fact for the transmission of messages. By 1840 the electric telegraph had left the laboratory and become a commercial instrument of vast possibilities. Within ten years it had covered most of Europe and the settled portions of North America – but it still stopped at the edge of the sea.

How the ocean was at last defeated is the main theme of this book. In 1858 a handful of far-sighted men succeeded in laying a telegraph cable across the North Atlantic, and at the closing of a switch the gap between Europe and America dwindled abruptly from a month to a second.

But this first triumph was short-lived; the ocean was too strong to be bound by so slender a thread, and in a few days the continents were as far apart as ever. The way in which, after an eight-year saga of almost unbelievable courage and persistence, a successful Atlantic telegraph was finally laid is one of the great engineering epics of all time, and has many lessons for us even today.

The Victorians built well; some of the cables laid down in the last century were still in use by the 1950s, after having carried incomputable millions of words for mankind. There is a section of cable in mid-Atlantic which began work in 1873 and has been quietly doing its job while the theologians agonised over Darwin, the Curies discovered radium, a couple of bicycle mechanics in North Carolina fitted an engine to an oversized kite, Einstein gave up his job at the patent office, Fermi piled up uranium blocks in a Chicago squash court, and the first rocket climbed into space. It would be hard to find any other technical device which has given continuous service while the world around it has changed to such an extent.

The first submarine cables, however, had one fundamental limitation. They could transmit telegraph signals but could not – except over relatively short distances – carry the far more complex pattern of vibrations which constitutes speech. Alexander Graham Bell’s invention of the telephone in 1876 opened up a new era in communications, but had no effect on the world-wide submarine cable system. The requirements of speech transmission were so severe that there seemed no hope at all of ever sending the human voice across the Atlantic.

The discovery of radio changed the situation radically, and also presented the submarine cables with a major challenge. To the great surprise of science, and the great good fortune of the communications industry, it turned out that the earth is surrounded by an invisible mirror which reflects radio waves which would otherwise escape into space. When this mirror – the ionosphere – is co-operating, it is possible to send speech around the curve of the globe after one or more reflections. Unfortunately the ionosphere is not a smooth, stable layer; it is continually changing under the influence of the sun, and during times of solar disturbance it may be so convulsed that long-distance radio is impossible. Even when conditions are good, radio links which depend on the ionosphere are liable to pick up all sorts of curious cracklings and hangings, for the universe is a very noisy place in the radio spectrum. Pascal, who complained that the silence of infinite space terrified him, was a little wide of the mark. He would have been astonished to learn that it is full of the sound of solar eruptions, exploding stars, and even colliding galaxies. These electromagnetic noises add a background, and all too often a foreground, to the radio messages transmitted from one continent to another.

Nevertheless, a radio-telephone service was established across the Atlantic in February 1927; until 1956, this was the only means whereby the human voice could pass from Europe to America. Yet it is probably true to say that most people who ever thought of the matter assumed that the transatlantic telephone depended on cables, not on radio. One German spy even claimed to have listened in to conversations between Roosevelt and Churchill by tapping submarine cables; unfortunately for the truth of this story, Roosevelt had been dead for a dozen years before men spoke to each other across the bed of the Atlantic.

In 1956, the impossible was achieved and the first submarine telephone cable was laid between Europe and America. The inflexible laws which state that one cannot send speech for more than a few score miles through an underwater cable had not been repealed; they had been bypassed by a new and daring approach to the problem – one that involved sinking a chain of more than a hundred amplifiers, each more complex than the average radio set, along the bed of the ocean.

Any great engineering achievement, especially if it has long been considered impossible, can provide both an emotional and an intellectual stimulus. It is true that a submarine cable is not something that everyone can see, like a giant bridge, a skyscraper or an ocean liner. It does its work in the darkness of the abyss, in an unimaginable world of eternal night and cold and pressure, peopled by creatures which no man could have conceived in the wildest delirium. Yet it serves a function as vital as that of the nerves in the human body; it is an essential part of the world’s communication system – which, if it ever failed, would throw us back instantly to the isolation of our ancestors.

I should like to emphasise that this is not a history of submarine communications. As far as it goes it is, I believe, accurate, but it makes no attempt to be complete. My object has been, frankly, to entertain as much as to instruct, and as a result I have wandered down some odd byways whenever the scenery has intrigued me. It will contribute little to anyone’s understanding of telegraphy to know how Oliver Heaviside made tea, why Lord Kelvin’s monocle revolutionised electrical measurements, what a Kentucky colonel was doing in Whitehall, how Western Union lost $3,000,000 in Alaska, and what unlikely articles the Victorians made from gutta-percha. Yet it is precisely such trivia that make history three-dimensional, and I do not apologise for including them.
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THE COMING OF THE TELEGRAPH

Like most great inventions, the electric telegraph has a complex and disputed ancestry. America, Russia, Germany and England have approximately equal claims to its origin, and although today Samuel Morse is remembered above most of his rivals, he was very far from being the first man to transmit information by electricity.

Morse sent his famous message ‘What hath God wrought?’ (a question which, incidentally, still lacks a suitable reply) on 24 May 1844. But one standard history of the subject lists no less than forty-seven telegraph systems between the years 1753 and 1839, and although most of these were only paper proposals, some of them actually worked.

Perhaps the first really determined attempt at the electrical communication of intelligence was Sommering’s ‘chemical telegraph’, constructed in Munich in 1809. In this system, every letter was represented by a separate wire which terminated at the bottom of a water-filled container. When current was passed through a given wire, bubbles formed at its end, and by watching where the bubbles appeared an observer could tell which letter was being transmitted. Although the method was only barely workable, it was a notable achievement and attracted much attention at the time.

A still more elaborate system, depending on static electricity, was set up in 1816 by Sir Francis Ronald in his garden at Hammersmith, London. Ronald erected no less than eight miles of overhead wire, and read messages passed through the line by the movement of light pithballs at the end of it. As they were electrified, their mutual repulsion swung them aside to expose the letter it was desired to transmit.

Sir Francis deserves credit as the first man to realise the possible business, social and international possibilities of this new method of communication. A brochure he published in 1823 was the first work on telegraphy ever printed; it even contained proposals for locating the position of faults on a telegraph line. Unfortunately, Sir Francis was about a generation too early. When he offered his system to the British Admiralty, he was told that their Lordships were perfectly satisfied with the telegraph they already had, and there was no question of its being replaced by anything else. The Navy’s ‘telegraph’ at that time consisted of a string of semaphore towers by which, in clear weather, messages could be transmitted from Portsmouth to London slightly faster than a pony express could have done the job.

By one of the minor ironies of technology, the Secretary of the Admiralty who signed the letter of rejection lived to write the article on telegraphy in the Encyclopaedia Britannica; by another, Sir Francis’s house was later occupied by William Morris, leader of the romantic back-to-the-Middle-Ages revival, who could hardly have felt a great deal of sympathy for an invention which was to do so much to sweep mankind into a strange and tumultuous future.

The systems devised by Ronald, Sommering and other inventors were inefficacious because they lacked a simple and sensitive means of detecting the flow of electricity. In 1820, however, came the great discovery which was to make the world we know. The Danish scientist Oersted found that an electric current could produce a deflection of a magnet placed near it. For the first time, electricity had exerted force. From that simple observation stemmed in due course the myriads of generators, motors, relays, telephones, meters, loudspeakers and other electromagnetic devices which are now civilisation’s most ubiquitous slaves.

Around 1825, this new knowledge was applied to telegraphy by Baron Schilling, attaché to the Russian Embassy in Munich, who had been much impressed by Sommering’s earlier work. Amongst other arrangements, Schilling devised a magnetic telegraph in which letters were indicated by movements of a needle over the white or black segments of a card. He employed a code based on the same principle as that later made famous by Morse; in Schilling’s alphabet, A was ‘black, white’, B was ‘black, black, black’, C was ‘black, white, white’ and so on. (Such bi-signal alphabets, incidentally, go back at least to Greek and Roman times.)

Here at last was the basis of a really effective telegraph, and the time was ripe for its exploitation, which occurred almost simultaneously in America and England. In 1836, W. F. Cooke, an English medical student at Heidelberg, heard of Schilling’s work, realised its importance, and immediately abandoned his intended profession. He knew a good thing when he saw one, and hurried back to England to find an electrical expert who could help him to put his ideas into practice, since his own knowledge of science was rudimentary.

The man he contacted was Charles Wheatstone, Professor of Physics at King’s College, London. Wheatstone’s name is remembered through a whole series of basic electrical inventions, the most famous being the Wheatstone bridge, a method of measuring resistances by balancing an unknown against a known one. I have some affection for his shade as a result of spending two years in the Wheatstone Laboratory at King’s College, a period during which, at least according to the experiments recorded in my Practical Physics notebooks, the constants of nature were remarkably variable.

Cooke and Wheatstone produced their first telegraph patent in June 1837, and carried out their first practical trials in the same year over a mile-and-a-quarter-long line between two London railway stations. The receivers they used were the so-called needle instruments, in which letters were indicated by the deflection to right or left of vertical pointers. The system was slow and somewhat elaborate, but messages could be sent and read by unskilled staff. Instruments of this general type were still in use in out-of-the-way British railway stations well into the twentieth century.

For a long time railways and telegraphs went hand in hand; the new means of transport could not have operated without some such rapid form of communication. Within a very few years the steel rails and the copper wires had spread their networks over much of Europe, and Cooke and Wheatstone netted fortunes in royalties. Success promptly ruined their relationship, which broke up into a squalid argument as to which of them really invented the telegraph. The answer, of course, was neither.

While this was going on in England, a mildly talented portrait-painter named Samuel Finley Breese Morse was trying, without much success, to get support for his ideas on the other side of the Atlantic. He had heard about the possibilities of electrical communication during a casual conversation with a fellow passenger while sailing back to the United States from Europe in 1832, and the concept had immediately fired his mind. Owing to the problem of making a living, however, he did not produce his first working telegraph instrument until 1836.

There is a striking parallel between the histories of Morse in America and Cooke in England. Each was an amateur scientist and each had to consult a professional in order to make any progress. Morse was helped by Joseph Henry, the great pioneer of electromagnetism, who has now given his name to the unit of induction; and in due time Morse and Henry became involved in quarrels over priority, exactly as Cooke and Wheatstone had done.

The beauty of Morse’s system was its simplicity. It is so simple, indeed, that we tend to take it for granted and forget that someone had to invent it. Earlier telegraph systems had involved many wires and cumbersome sending and receiving apparatus. Morse produced a telegraph that needed only one wire (the earth providing a return circuit) and whose transmitter was nothing more than a key to make and break the connection. By means of the dot-dash code, this single key could send any letter or combination of letters.

The first receiver Morse built consisted of a magnet-operated pen which automatically wrote the incoming dots and dashes as jiggles on a moving tape, thus providing a permanent record. Very soon, however, it was discovered that the ear could interpret the long and short buzzes, and the Morse sounder or buzzer came into general use. It survives, virtually unchanged, to this day. Morse was also responsible for introducing the relay, which, in theory at least, made it possible to transmit messages over indefinite distances. In this simple but basic device the feeble current at the end of a telegraph line was used to close a contact which was, in effect, a second Morse key, starting a new current from another set of batteries along the next section of line. The relay was the earliest form of ‘repeater’, a device which we shall meet later in a much more sophisticated form.

After years of effort and a fruitless journey to Europe to sell his invention, Morse finally obtained $30,000 from Congress in 1842 for the construction of a line between Washington and Baltimore. The debate over the allocation does not reflect much credit on the elected representatives of the American people; several of them were quite unable to appreciate the difference between magnetism and mesmerism. But Morse got his money, and two years later America got the telegraph. Without it, the immense continent could never have become a united country.

The manner in which the telegraph spread from Atlantic to Pacific, the wars between the desperately competing companies, the eventual triumph of Western Union over its rivals – this is now part of American history and, indeed, folklore. For half a century, until he was displaced by automatic instruments such as the teleprinter, the telegraph operator was one of the picturesque, and essential, figures of the American scene. In this brief span of time he perfected and practised a skill which had lain dormant and unsuspected in mankind since the beginning of history: the ability to read and transmit up to forty words a minute by an almost continuous series of broken buzzes, hour after hour.

Some of the feats of these men – of whom the young Edison was the most famous though certainly not the most characteristic – were quite incredible and could probably not be repeated today. There is one well-authenticated account of a telegraph operator who, to show off, deliberately ignored his racing Morse sounder while it went full speed for a couple of minutes, and then sat down to catch up on the messages that had already come through. After fifteen minutes of writing, he eventually absorbed the backlog and was taking down the words at the moment they arrived. Such a feat of memory can perhaps be compared to playing a dozen games of blindfold chess simultaneously – and against the clock.

These skills have now vanished from the earth, because they are no longer needed. The Morse code has been superseded by the digital language of bits and bytes – which can be understood and spoken only by machines, not by men.
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