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      For my grandfather
William Forward John Downing
Who operated a Vickers machine gun in the First World War
and survived






      Prologue

      Soon after midnight in the early hours of Tuesday 5 August 1914, the captain of the CS Alert, a cable-laying ship moored at Dover harbour and owned by the General Post Office, received the special coded telegram he
         had been expecting. He immediately ordered the Alert to slip out of harbour and head north-east. In the early dawn, the captain drew up the Alert in the grey waters of the North Sea a few miles off the German port of Emden, near that country’s border with Holland. It
         was only about six hours since Britain had formally declared war on Germany at 11 p.m. London time, midnight in Berlin. Having
         taken up his position, the captain of the Alert ordered the ship’s grappling equipment to be dropped into the murky waters. The crew of the 1000-ton cable ship were highly
         skilled in laying and maintaining the undersea cables which, since the mid-nineteenth century, had crossed the bed of the
         oceans to link continents via telegraphic and, more recently, telephonic communications. They knew exactly how to find the
         cables to repair them. But this time the vessel’s mission was destructive. Although the Alert was a civilian ship, the captain was about to engage in an act of war.
      

      After a short period of dredging along the bottom of the sea, the grappling hooks were hauled to the surface bringing with
         them giant strands of thick, insulated cable that flailed like giant, underwater snakes. Dripping with water and covered in
         mud and seaweed they were dragged on to the deck of the Alert. The crew sawed and hacked the cables, breaking through them, and then tossed them back overboard into the sea. They then
         repeated the whole process on four further cables, dragging on board and cutting each one before throwing the ends into the
         sea. The operation, which took about four hours, was fraught with danger for the unarmed British vessel. The captain and lookouts
         scanned the horizon for any sign of German ships coming out to see what was going on. As the dawn became brighter the sea
         grew rougher and a heavy rain squall passed over the ship.
      

      The captain of the Alert was carrying out Britain’s first offensive act of the First World War. The five German cables that ran across the North Sea
         and down the English Channel linked Germany with France and Spain and then went out into the Atlantic to Africa and the Americas.
         They were now severed. Germany could no longer send telegrams or cables to its colonies or to the United States. Cut off from
         the US and much of the rest of the world, the country’s telegraphic links were now limited to its immediate neighbours across
         land borders. Berlin had lost its top secret communication link with the new world. From now on, any communication would have
         to be via radio. And there was one major problem with sending signals by radio. Anyone with a receiver could also tune in
         and listen to them. This would have significant consequences as the war progressed.1 

      Just over a week later, at dawn on 13 August, another group left Dover. On this day it was the turn of the aviators of the
         recently formed Royal Flying Corps. For the first time, Britain was sending aircraft to war to accompany its ground troops.
         It was a chance for the youngest addition to the military to prove itself. Among the small group of fliers gathered was Captain
         Philip Bennett Joubert de la Ferté. Just twenty-seven years of age, he was typical of the first wave of military fliers. He
         had been in the artillery when he heard about the formation of the Royal Flying Corps and was one of the first officers to
         join. He had to pay to learn to fly himself (with his father’s support) as the army did not then have funds available to train pilots. Joubert quickly took to flying, although
         the aircraft were so light and fragile that they needed a lot of care. Most flying took place in the early dawn before the
         wind had got up and Joubert, like most pilots, had experienced the embarrassment of actually being blown backwards when trying
         to fly into a strong wind. On one flight he had ended up seven miles behind his point of take-off. When war was declared,
         Joubert was in command of ‘C’ Flight in 3 Squadron, flying a French aircraft built by the Blériot company.
      

      For the journey, Joubert, like most of the other pilots, was accompanied by his mechanic. It was the quickest way of transporting
         to France the men who were essential to keep the aeroplanes flying. Joubert was briefed at about 5.30 a.m. and given maps
         of France and Belgium and sealed orders. When he opened them, the orders contained details of his destination. Along with
         the others, Joubert was given a revolver, a set of field glasses and a spare pair of goggles. The mechanics were issued with
         a tool kit. Emergency rations of biscuits, a bar of chocolate and a pack of soup concentrate were handed out in a haversack.
         Advance parties at Dover had acquired a large number of cast-off inner tubes. Each man carried one of these, to be inflated
         if the aircraft came down into the sea and used as a makeshift lifebelt. But the pilots’ instructions were to ascend to 3000
         feet before starting their Channel crossing so if an engine failed they should have enough height to glide across the Channel.
         There was no planned sea rescue.
      

      The people of Dover cheered as Joubert and his fellow pilots climbed into their aircraft on the hills above the cliffs dominating
         the town. The contraptions they climbed into consisted of wooden frames held together with wire and covered in linen canvas,
         powered by large combustion engines that sat imposingly near the centre of the structure. Today they look as ancient as the
         dinosaurs, but to the crowds gathered on that August morning these craft were the very cutting edge of modernity. Only five
         years before, Louis Blériot had made the first Channel crossing by air. Now Joubert and the other pilots in their flying machines were planning to carry out a similar journey and to take up their position alongside
         the British Expeditionary Force.
      

      Soon after 6.25 a.m. on what proved to be a beautiful, clear August day, the first aeroplanes taxied across the grass and
         soon got up to speed. One after another the pioneers in their Blériots, BE2s, BE8s and Henri Farmans took off and rose high
         into the sky to reach the planned altitude. Then, in a line, each aircraft, powered by an engine that could only muster a
         few horsepower, headed off across the Channel at roughly two-minute intervals. Their course was to hit the French coast at
         Boulogne, fly down the coast to the Somme estuary and then head inland to Amiens. Not everything went to plan. A few aircraft
         were damaged when they came down in a ploughed field. One pilot got lost and had to land and ask an astonished passer-by where
         he was. On landing in France, another pilot was arrested by officials who could not understand what language he was speaking
         and thought he must be a spy. It took three days to get the pilot released from prison. Yet another aircraft was delayed as
         its pilot flew around the Cap Gris-Nez lighthouse and tried to drop his inner tube, like a quoit, on to the spiky top, as
         though in a fairground.
      

      For Joubert, the flight from Dover to Amiens took just two hours. The aerodrome at Amiens was a simple affair, just a cut
         grass field with a few large sheds known as hangars at one end. At this point, the RFC had almost nothing in the way of ground
         transport, were desperately short of spares and had barely any reserves. Having made the journey, Joubert and the pilots of
         his squadron came to rest along the side of a field as there was not enough hangar space for all the British machines. As
         the morning passed an enthusiastic crowd gathered, waving flags and shouting ‘Vive l’Angleterre’. The French had been doubtful
         as to whether the British would join them in their war against the Germans. But here they were, and the Gallic reception included
         throwing flowers and even fruit in a tremendous welcome. That afternoon, Joubert and his fellow aviators received another visitor, General Sir John French, commander-in-chief of the British Expeditionary Force. A cavalry man who traditionally
         relied on scouts riding on horses for reconnaissance, he had little idea how effective this new fighting force would be in
         a similar role, but he wanted to come and see the men and their machines. French was reassured by the sight of forty-nine
         aircraft from three squadrons lined up along the side of the aerodrome. There was a sense of excitement and jollity about
         the whole event.
      

      That night Joubert was put up at one of the best hotels in Amiens, the Hotel Belfort. Not expecting billets with comfortable
         beds and fitted sheets, he had brought no pyjamas with him. Along with several other pilots, he had to borrow a nightdress
         from the hotel owner. It was the last time for many months that these men would need pyjamas. And as they cavorted along the
         hotel corridors in borrowed nightdresses down to their ankles they did not look much like a group of men who represented the
         very latest in the science of war.2 

      The late autumn sun shone brightly through the tall sash windows in the splendid first-floor meeting room of the Royal Society
         in the East Wing of Burlington House. Wood-panelled and lined with shelves of books, the meeting room overlooked the courtyard
         just off London’s busy Piccadilly with its continuous bustle of motor traffic. But the room was surprisingly quiet as the
         clock struck eleven on the morning of 12 November 1914. Precisely on the last stroke, a clerk opened the large, heavy door
         and the President of the Royal Society led into the room a procession of ten distinguished gentlemen, the youngest of whom
         was in his forties, the eldest in his eighties. First behind the President was John William Strutt, Baron Rayleigh, a Fellow
         of Trinity College, Chancellor of Cambridge University, a previous President of the Society and one of the most distinguished
         scientists in Britain. Famous for his work on optics and acoustics, as a young scientist he had come up with an explanation
         for why the sky is blue, while as a physicist at Cambridge he had helped to determine the absolute values of the ohm, the ampere and the volt. He had been awarded a Nobel Prize for the discovery of
         argon, an inert gas. He was close to government and served as chair of the explosives committee of the War Office and as president
         of a key committee on aeronautics. He was in his seventies but still lively and energetic, and he saw the war as an opportunity
         for scientists to demonstrate how their work could assist in bringing victory.
      

      Rayleigh and his colleagues looked immaculate in their suits, waistcoats, wing collars and ties. One of them was in the full
         dress uniform of an admiral. The group included several more of the most eminent men of science in Britain. Two were leading
         physicists and four were prominent chemists. One of them had discovered thallium, another helium. One had pioneered wireless
         telegraphy at sea. Among them were two engineers, a mathematician, and the Director of the National Physical Laboratory at
         Teddington. Seven were knights and Rayleigh was a peer of the realm.
      

      The Royal Society was the leading organisation of scientists in Britain. It had been founded in 1660 by Christopher Wren,
         Robert Boyle, John Evelyn and other prominent ‘natural philosophers’ as a forum to witness and discuss scientific experiments.
         Two years later the Society was awarded a Royal Charter by Charles II. It had gone into a decline during the late eighteenth
         and early nineteenth centuries when it became little more than a gentlemen’s debating club, only about one-fifth of whose
         members were active practitioners of science. But in the second half of the nineteenth century the Royal Society had transformed
         itself into an influential professional academy of four to five hundred Fellows, all of whom were distinguished scientists.
      

      When war had been declared over the early August bank holiday, the widespread feeling was that it would be a quick war, fought
         by professional armies on distant fields, possibly with a naval engagement at sea and that without doubt it would all be ‘over
         by Christmas’. But by the time of the November meeting, it was clear that this was no longer the case. News reports from the
         front were strictly censored, but Rayleigh and his fellow scientists could see that the European armies were lining up for what would
         be a much longer war than anyone had expected. Accordingly, these men of science had agreed with Rayleigh that they must make
         some gesture of support, some indication that the scientific establishment was ready to rally behind the war effort.
      

      Sitting at the central meeting table, Sir William Crookes, the President of the Royal Society, took the chair. As the others
         fell silent, Crookes began to speak. After the President, Rayleigh spoke and a few others joined the discussion. In less than
         twenty minutes they had reached unanimous agreement that they should form a committee that would be known as the War Committee
         of the Royal Society. Its purpose would be to organise assistance to the government and the armed services with any scientific
         questions that arose. With their prominent connections across the universities of Britain and within the manufacturing and
         technical industries of the nation, the senior members of the Royal Society would be supremely well placed to know whom to
         approach, what to ask and how to help.
      

      After a short further discussion, it was agreed that the Secretary of the new War Committee should write to the War Office,
         the government department from where the British Army was governed, to the Admiralty, the department of state that ruled the
         Royal Navy with the largest fleet of warships in the world, and to the Board of Trade, the government department that was
         closest to industry. The letters should express ‘the readiness of the Committee to organise assistance to the Government in conducting or suggesting scientific investigations in relation to the war’. It was further decided to
         form two sub-committees so that the men of science could immediately start to investigate possible scientific applications
         relevant to the war. The first would look into the new technologies of telephony and wireless telegraphy, and into the broad
         field of ‘General Physics’. The second would investigate the field of chemistry, and would send letters to the directors of
         the chemical laboratories at every university and college in the country, inviting their assistance in undertaking the manufacture
         of chemicals, most especially drugs or other medicaments, ‘the supply of which is inadequate in consequence of war conditions’.
      

      There being no further business, the date of the next meeting was set for the same time exactly one week later. The chairman
         declared the meeting closed and the committee members stood and followed him out of the meeting room. Some of them, like Lord
         Rayleigh, had urgent business elsewhere. Others settled in the reading room for an hour or so before heading off for lunch.
         The meeting had been a lowkey affair, but it marked an historic step. For the first time, the nation’s leading scientists
         had come forward to offer the support and assistance of the entire scientific community to the government and the armed forces.
         It was already clear to Rayleigh and his colleagues that in the twentieth century a war would have to be fought drawing on
         all the advances that physics, chemistry, medicine and mathematics could offer. This war would be conducted in laboratories
         and scientific workshops, as well on the battlefields and across the oceans of the world.3 

      These three scenes illustrate in very different ways how the conflict that would become known as the ‘Great War’ would involve
         the world of science and the scientists of the day. Thanks to the cutting of undersea cables, the German government had to use wireless telegraphy,
         radio, for much of its long-distance communications. The Germans’ use of code would challenge the Allies, first to find a
         way to intercept the signals and second to decipher the intelligence they contained. This demanded the application of new
         technologies and the development of new code-breaking techniques. After the first aircraft went to war in 1914, the new science
         of aviation would advance in leaps and bounds over the next few years as each side tried to outdo the technology of its enemy.
         In four years’ time, aircraft engines would be unrecognisable in their power and output and aircraft designs would have advanced
         beyond anything imaginable in 1914. Finally, the fact that the most eminent men of science were offering to assist the army,
         the navy and the flying corps was a recognition of the vital role science would play in a modern, industrial and technological
         war.
      

      Much writing about the Great War concentrates on the troglodyte world of the trenches that made up the 450 miles of battle
         lines known as the Western Front. This extended from the English Channel, through the western tip of Belgium, across the industrial
         north-east of France and down through the chalklands of Picardy, then ran east through the Champagne district and circuited
         the great fortress defences of Verdun, finally turning south into the Vosges mountains and the Alps on the Swiss border. The
         First World War is often seen exclusively as a war fought by armies of millions living in the subterranean world of the trenches,
         slogging it out in human wave assaults and being slaughtered in dreadful numbers. The Western Front in which the French, British
         and Commonwealth armies faced the German army dominates the popular image of the war, although much fighting took place on
         other fronts and against other enemies.4 

      The role usually given to science in the First World War is that all it did was to introduce ghastly new inventions to the
         arsenal of war, including powerful new high explosives and hideous clouds of poison gas. It has been written that it was a
         ‘chemists’ war of poison gases and explosives’.5 This brutal industrial-scientific war, conducted by means of the long-range artillery shell, the machine gun and newly-formulated
         chemical weapons, it is argued, led to killing on a vast, appalling, unprecedented scale. In many histories of the war, the
         contribution of science goes no further than this. It was seen as murderous, destructive and entirely negative.
      

      Beyond this common view of the war, however, it is possible to see how engineers, chemists, physicists, doctors, psychologists,
         mathematicians, intelligence gatherers and propagandists were taking part in an unknown struggle that made a more positive
         contribution to what happened at home, at the front, at sea and in the air. They helped to fight a war that was won by scientific
         advantage, achievement and breakthrough in many fields that helped to transform life after the conflict ended. Many of the foundations
         of scientific progress in the 1920s and 1930s in fields such as radio technology and medicine, aviation and psychology were
         laid in the four years of war. In Britain, the new skills developed in aeronautics and intelligence gathering would live on
         for much of the rest of the century. The expertise that went on to produce the jet engine, a powerful aviation industry and
         the supersonic airliner was developed during the First World War. In addition, Britain is still today, for good or ill, a
         nation renowned for its intelligence-gathering capabilities and is often referred to as ‘the surveillance state’.6 

      However, at the opening of the twentieth century the world of science was itself deeply divided. Several men of science (the
         word ‘scientist’ was still relatively little used) thought that their discipline was best pursued in academic isolation through
         pure research. Fighting for professional status and independence in the universities, they believed the only valuable science
         was pure science. They looked down on the world of applied science, just as gentlemen as a class looked down on those who
         dirtied their hands with business or worked in industry. But a growing group of scientists began to feel that this was a false
         distinction, that the principal role of science was to improve the lot of men and women. For instance, Professor John Haldane
         of New College, Oxford, a leading physiologist, used his understanding of poisons and of respiration to work tirelessly for
         the improvement of industrial health in coal mines. Professor John Ambrose Fleming, a top electrical engineer at University
         College, London, in addition to his academic duties also worked as consultant and scientific adviser to commercial companies
         and invented the first electric valve. In the world of medicine, of course, there never was a distinction between pure and
         applied science. All medical research was for practical purposes and an immense amount of it took place in the early twentieth
         century. But although medicine had been the exception rather than the rule, there was unquestionably a shift towards finding
         the practical application of science and of using scientific principles to understand and improve the electrical and mechanical world that was developing fast in the early
         years of the century.
      

      As part of this transition, new organisations came into being in Britain in the years before the war to advise on the science
         behind many of the great technological changes that were transforming the age. The Advisory Committee on Aeronautics was established
         in 1909 and the Medical Research Committee in 1913. They and other such bodies bred a new type of scientist who helped to
         link the universities with the practical world, the academy with government and industry. These scientists helped develop
         new forms of intelligence gathering, helped to save lives by developing new medicines, advanced the understanding of how the
         human mind worked, and brought dramatic breakthroughs in code breaking, naval warfare and the war in the air. In 1915 Professor
         John Ambrose Fleming summed up the impact of these changes in a public lecture when he said: ‘It is beyond any doubt that
         this war is a war of engineers and chemists quite as much as of soldiers.’7 

      I have written extensively about the boffins, backroom scientists and mavericks of the Second World War. In a sense this book
         is the prequel to these histories, looking at the boffins of the Great War (not that the word ‘boffin’ was ever used during
         that war). But it is not just those obviously defined as scientists who provide the subject matter for this book. This is
         the story of many individuals with specific skills, often from the universities or from industry or the arts, who contributed
         to the war effort. In the top secret world of the code breakers, the Admiralty recruited men and women with specific and vital
         linguistic skills and brought in classical scholars who were experienced in piecing together the full meaning of a manuscript
         from fragments of text. In the censorship of the press and in the new medium of the cinema, the War Office recruited a broad
         range of writers including one of the greatest novelists of the day, while the army engaged film-makers, cinema distributors,
         photographers and artists to help depict the war for the public at home and abroad. A general awareness of the existence of a ‘Home Front’ came into being and slowly it was realised that in a modern war a vital
         relationship would exist between what people thought at home and the general level of support needed to sustain the fighting
         abroad. So a wide net was cast to recruit the skills needed to manage this relationship and to win the war.
      

      Secret Warriors takes in aviation, intelligence and code breaking, engineering and gunnery, chemistry and medicine, as well as censorship
         and propaganda. It follows the work of some extraordinary individuals who became part of the first ‘total war’ in which all
         the resources of the state were involved. This was not just a war fought by sailors, soldiers and airmen, but one in which
         public opinion would play a central role in supporting the fighting front. As the war progressed it drew in an ever-widening
         group of experts, scholars, scientists and literary figures. They were the secret warriors of the Great War. A huge group
         of brilliant men (and they were mostly men, although there were a few women) were drawn into the titanic struggle. For the
         first time in this nation’s history some of the finest brains from the university laboratories, colleges, factories and hospitals
         of Britain willingly came forward not to do their bit on the battlefield but to contribute their expertise at a time of national
         crisis.
      

      As the Great War was transformed from a conflict fought by professional armies on continental fields into a national struggle
         that affected most aspects of the life of the nation, so the scientific and intellectual establishments were drawn in. As
         the army and the air force, and to a degree the navy, became more professional and more prepared for a long, bitter, attritional
         war, so the best and the brightest were called upon to contribute. A few of those who helped to solve the problems of aeronautics,
         to carry out extraordinary new forms of surgery or to write the first narratives of the war, became household names. Most,
         however, remained unknown and returned to relative obscurity in their laboratories, libraries or university departments. Many
         remarkable individuals appear in these pages. This is their story. It is an unusual one.
      

   



      1

      New Century, New World

      The year 1914 is often seen as the end of an era. It has been described as the last year of the ‘long’ nineteenth century,
         and as marking the final break between the old world order and the modern era. As a consequence, Edwardian Britain is often
         depicted as a sort of Indian summer, the last decade of the old world before everything was engulfed in the Great War. It
         is sometimes portrayed as an elegant, golden age shimmering in the distant light of country house parties, with public schoolboys
         playing cricket on long hot summer afternoons, the navy in great battleships proudly ruling the waves, the pomp and glory
         of imperial durbars … and so on. It is presented as a period of stability and continuity before the tsunami of war washed
         everything away.1

      However, this is to see life in the first decade of the twentieth century through the looking glass of hindsight. Most evidence
         shows that the Edwardians believed they were living through years of immense promise and potential, years of dramatic change
         in the present that offered exciting new possibilities for the future. They saw the Victorian era ending symbolically with
         the death of the old queen and the coming of the new century. New ideas, new technologies, dramatic changes in workers’ rights,
         the provision of state pensions and the big debate about ‘Votes for Women’ were the characteristics of their age. The word ‘new’ itself became one of the most fashionable words of the age: people spoke of the ‘new art’, the
         ‘new morality’ and the ‘new woman’. All of this generated great debate. Edwardians argued intensely as to whether so much
         ‘newness’ was a good or a bad thing. But they were not wrong about the scale of change they were living through. One of the
         young technological pioneers of the age, John Moore-Brabazon, summed up the spirit he and his friends felt when he wrote,
         ‘I think we were all a little mad, we were all suffering from dreams of such a wonderful future.’2

      Britain was still a deeply divided land. In London there was a glittering West End and an impoverished East End. In the countryside
         there were superbly wealthy country homes and bleak village hovels. Workers had formed trade unions to battle for their rights
         and for a better livelihood; and rich owners were determined to give them neither. Industrial unrest was widespread; in 1912,
         for example, forty million working days were lost in strikes. Suffragettes demanded rights for women; the establishment wanted
         to preserve the status quo. Change was not happening evenly or necessarily fairly. But it was happening.
      

      In the rarefied world of pure science nothing short of a revolution was taking place in the twenty years before the Great
         War. At Berlin University in 1900, Max Planck discovered quantum theory and a new basis for theoretical physics. At Zurich
         in 1905, Albert Einstein proposed his ‘special theory of relativity’. These ideas were to transform the intellectual landscape
         of the twentieth century, utterly changing views on space, time and matter. At Manchester University in 1911 Ernest Rutherford
         discovered the nucleus of the atom and nuclear physics was born. At Cambridge from 1910 to 1913, Bertrand Russell and A.N.
         Whitehead revolutionised the foundations of modern mathematics with their Principia Mathematica. Meanwhile in Vienna, Sigmund Freud laid down the basis for psychoanalysis as a formula for the treatment of psychological
         problems through dialogue between patient and psychoanalyst. A new science of genetics was established. Incredible advances
         were made in understanding the activities of microbes in the new science of bacteriology. These fundamental changes in a brief period of
         time, as Eric Hobsbawm has observed, utterly transformed ‘man’s entire way of structuring the universe’.3 But of course, only a tiny number of people picked up these revolutionary ideas. In 1910, there were barely 700 members of
         the British and the German Physical Societies combined. The total number of pure scientists in the world in 1914 could be
         counted in only the thousands. And mostly they researched and worked in Western Europe with only very small numbers in either
         Russia, the United States or elsewhere. In 1901 the Swedish Academy of Sciences first awarded the Nobel Prize to scientists
         who had made major advances in their field. By 1914, of the first seventy-five highly prestigious awards, all but ten were
         made to scientists in northern Europe, mostly Britain, Germany, France and the Netherlands.
      

      Most Edwardians knew nothing of these seismic changes and few would have understood them had they known of them. But if merely
         a few hundred advanced thinkers felt the earthquakes in the world of pure science, pretty well every Edwardian would have
         been aware of the massive technological changes that were impacting on almost every aspect of their lives. Developments in
         electricity, the spread of the internal combustion engine, the advance of the chemical industries, huge improvements in medical
         science, dramatic developments in communications technologies were all bringing about what many saw as a new age. Some people
         even went as far as to hope that these new scientific technologies could soon eradicate altogether the traditional problems
         of poverty, disease and war. Others were more pessimistic and feared that traditional values and long-standing social relationships
         would disintegrate as a result of all this turmoil.
      

      Many of the scientific changes that were taking place had their foundations in the Victorian era, although the consequences
         were only being felt in the early part of the new century. The first, electricity, had already begun revolutionising life
         at the end of the nineteenth century. Just as coal and steam power had been at the heart of the Industrial Revolution, so electricity was at
         the foundation of the new era. It had been known since ancient times that electricity existed, but it was not until the seventeenth
         and eighteenth centuries that men of science analysed and began to understand concepts like electrical currents and electric
         fields. In 1879, the American Thomas Edison invented the electric light bulb – or at least designed the first incandescent
         bulb that could be mass produced, in which a metal filament glowed white within a glass bulb. Two years later he built the
         first modern electric power station in New York to supply the electricity for his light bulbs. Within two decades, by 1900,
         a recognisably modern form of the electrical power industry was beginning to emerge. Electricity was produced in large generating
         stations sited near the main centres of demand. In Britain, the Ferranti company built one of the first of these giant generating
         stations in 1889 at Deptford, only a few miles east of London. Electricity travelled at a high voltage along cables from power
         stations to the local user where it was stepped down to a low voltage through a transformer.
      

      The principal use for electricity at the end of the nineteenth century was to replace gas lighting in public streets in order
         to provide a cleaner and safer form of illumination. This central fact of demand determined the shape of the early electricity
         supply industry. In Britain by 1900 there were about 250 separate companies supplying electricity in a range of different
         voltages from 100 to 480 volts. There was no uniformly accepted standard of supply. At least half of the companies were owned
         by local municipalities and their task was merely to light the streets of their town or city. Even by 1914 relatively few
         households in Britain – only about one in ten – had access to electricity. And the 10 per cent of houses connected to the
         electricity supply were clearly the wealthiest homes in the bigger towns and cities. During the first decades of the century
         the numbers grew dramatically, partly fed by the huge growth in the electrical industries as new manufacturers like the General
         Electric Company (GEC), whose slogan was ‘Everything Electrical’, developed into industrial giants. Manufacturers produced a vast array of
         electrically powered domestic gadgets, from the telephone to the electric fire, from gramophones to vacuum cleaners. By the
         time of the First World War, these household items were only just beginning to revolutionise the home, but they pointed towards
         the future.
      

      In the wake of electricity came a huge growth in new electronic industries like those of the telephone and radio, both founded
         on the development of the electric telegraph. This was another nineteenth-century industry. In 1844, in America, Samuel Morse
         had demonstrated a code that became a universal system for translating letters into dots and dashes, which could then be sent
         as electrical pulses along telegraph wires. Tens of thousands of miles of telegraph cables were soon in place, crossing countries
         and continents. The first underwater cable linking Britain and France was laid in 1851 and the first transatlantic cable began
         operating in 1866. British scientists soon established themselves as leaders in the technology of insulating copper wires
         in a rare tree sap and wrapping them in protective steel wire. The Eastern Telegraph Company dominated the process of linking
         all parts of the British Empire and by the 1870s tele graphic cables extended to Hong Kong and Australia. Initially used by
         diplomats and news agencies, the telegraphic cables made the world a genuinely smaller place. News, information or dispatches
         that would have taken weeks to transport around the globe by ship, now arrived in minutes. Officials headquartered in their
         capitals could send orders to generals and admirals in the field. The first ever world wide web of telegraphic cables was
         created in a single generation in the second half of the nineteenth century.4

      In 1876 this went a step further when an American, Alexander Graham Bell, patented his invention of the telephone, basically
         a telegraph but able to carry the electromagnetic signal of a human voice. It took a while for telephones or ‘speaking tele
         graphs’ to catch on as they depended upon a complex and costly infrastructure of local exchanges and telephone operators.
         Moreover, surprising as it may seem today, few people could see the point of the telephone; official and business users already had the telegraph and
         could send telegrams worldwide. The telephone seemed nothing but a frivolous extension to this service. It remained largely
         an urban device and by 1914 there were still only about 1500 exchanges in Britain, of which the vast majority had fewer than
         300 subscribers.
      

      By the 1880s, the German physicist Heinrich Hertz had established the existence of electric waves travelling at the speed
         of light. Hertz’s work, though, was purely theoretical and academic. It took others to make some practical application of
         the discovery. The principal figure in the development of the use of radio waves to send Morse signals was Guglielmo Marconi,
         an Italian who settled in London and during the 1890s made a series of inventions that created the new technology of wireless
         telegraphy. Marconi’s principal interest was in improving and developing long-distance wireless communication with ships at
         sea. In March 1899 he sent a radio signal from Britain to France and in 1901 succeeded in sending a signal from Britain to
         America. In 1909, aged only thirty-five, he was awarded a Nobel Prize for physics for his work on electric telegraphy. At
         about the same time came the invention of the thermionic valve. Two electrodes were placed inside a glass vacuum tube, enabling
         an electric current to pass in one direction but not in the other. Advances on this principle followed rapidly, creating one
         of the first truly electronic components. The use of valves made it easier both to transmit a more powerful radio signal and
         to amplify a signal once it had been received, improving the transmission of the human voice as well as of Morse code.
      

      In 1900 the Marconi Wireless Telegraph Company was formed in order to establish land-based radio stations that could communicate
         with radio operators on ships at sea. Marconi tried to enforce a monopoly by not allowing any of his radio operators to communicate
         with operators from rival companies, a prohibition that soon became impossible to sustain as other companies like Telefunken
         in Germany developed their own systems. For a while there was a sort of anarchy of the air waves, and before long an international agreement was needed to standardise the bandwidths that could
         be used. In 1906 a conference in Berlin created some sort of international order in the spread of long-range radio communications.
         Land-based stations transmitting out to sea had to accept certain uniform agreements about the use of wavelengths and in addition
         agreement was reached on the sending of distress signals. The Morse signal for SOS (three dots, three dashes and three dots)
         was approved as an international sign of distress, the spoken equivalent being the word ‘Mayday’ – based on the French m’aidez, help me.
      

      Over the next few years, several incidents headlined the value of the wireless telegraph at sea. In 1910 the murderer Dr Crippen
         escaped from Britain by sea but was arrested on arriving in Canada when the captain of the ship he was sailing on became suspicious
         and telegraphed Scotland Yard with his suspicions. And in April 1912, when the Titanic hit an iceberg and went down with the loss of 1500 lives, the need for every ship to carry a radio was dramatically highlighted.
         Only one ship in its vicinity, the RMS Carpathia, heard the Titanic’s distress SOS, yet that vessel was able to rescue more than 700 passengers who otherwise would have perished. Other ships
         within range were not equipped with radio and so did nothing to help, and hundreds of passengers drowned as a result.
      

      By the early twentieth century, key developments in the nineteenth had led to the development of another huge industry – the
         chemical industry. Formerly the province of small-scale local manufacturers, the production of sulphuric acid and bleaching
         powder had become an industrial process early in the nineteenth century. Then, in 1856, the English chemist William Perkin
         produced the first synthetic dye, mauve. Two years later, a German chemist synthesised the dye magenta. These and other new
         colours proved hugely popular in the production of textiles for the fashion industry. In the 1860s another English chemist,
         Alexander Parkes, invented cellulose, one of the first synthetic plastics. In order to produce these synthetic colours and materials a new chemical industry grew up using organic chemicals, that is compounds that contain the highly versatile
         element carbon. Although many of the original discoveries had been made in Britain, by the early years of the twentieth century
         Germany dominated the industry. And coal tar, produced in Britain in vast quantities as a by-product of the conversion of
         coal into coke or coal gas, was nearly all exported to Germany. Here, giant chemical companies like BASF (Badische Anilin-
         und Soda-Fabrik), Bayer and Hoechst acquired almost a world monopoly in the manufacture of chemical products derived from
         coal tar. The chemical industry was making an ever broader range of products, including those needed for the refining of sugar
         and petroleum; for the manufacture of glass, paint and cement; for photographic materials, cleaning compounds and agricultural
         fertilisers; and for medicinal and pharmaceutical products.5 For instance, on the cusp of the new century, in 1897, Bayer invented aspirin. It would soon be described as the new wonder
         drug.
      

      Furthermore, in the years before the war, the German chemist Fritz Haber invented a process for producing ammonia, a compound
         containing nitrogen and hydrogen, by synthesising the two elements from the atmosphere using iron as a catalyst. Another chemist
         in Germany, Carl Bosch, went a step further by developing a brand new high temperature, high pressure process for the bulk
         industrial production of ammonia. This became known as the Haber-Bosch process. Meanwhile a third German chemist, Friedrich
         Ostwald, developed a process for turning ammonia into nitric acid. All three chemists were to win Nobel Prizes for their work.
         The production of these chemicals was intended for the use of agricultural fertilisers, but both ammonia and nitric acid had
         a further application. They could be used to make explosives.
      

      Dramatic changes also took place at the beginning of the twentieth century in the field of medicine. The use of anaesthetics
         had begun in the early nineteenth century and ushered in a revolution in surgery, enabling the surgeon to carry out more radical operations than had been possible before. This had coincided with a growing
         understanding of the role of bacteria as the cause of infection. The thorough sterilisation of equipment to be used in surgery
         and the ability to maintain strict standards of cleanliness turned the operating theatre into the modern, clinical space familiar
         today. Antiseptics were developed in the decades before the war to treat bacterial infections, although there was still a
         general feeling that many bacteria were too powerful to be treated by drugs. In 1909, Paul Ehrlich, a specialist in the new
         science of bacteriology, developed a drug called salvarsan that provided a treatment for syphilis. German chemists were pioneers
         in many developments in antiseptics and by 1914 most of these drugs were produced by the booming pharmaceutical industry in
         Germany.
      

      Another item familiar to modern medicine that came into wide use just before the First World War was the X-ray, invented accidentally
         by another German, Wilhelm Röntgen, in Würzburg in the 1890s. On the brink of the new century the Curies discovered radium
         but failed to appreciate that exposure to it could be fatal, and Marie Curie herself died of leukaemia caught from over-exposure.
         Together, radiology and X-rays began a new era for diagnosing fractures and malformations. The development of film and plates
         for X-rays came out of the photographic industry and the manufacture of X-ray equipment became another branch of the electrical
         industries. Out of these industries also emerged the development of the electrocardiograph at the University of Leyden in
         1903. Invented as a device to record the electrical activity of the heart muscle, it greatly helped the diagnosis of heart
         disease.
      

      In addition to the more accurate diagnosis and treatment of disease came substantial improvements in preventative medicine;
         advances in the supply of clean water and the disposal of waste and sewerage were coupled with the introduction of mass immunisation
         projects. The incidence of diseases like cholera and typhoid that had been the scourge of large, crowded nineteenth-century
         cities went into a marked decline in the early twentieth century. The whole concept of public health and of the need for the state, or
         local authorities, to make provision for improved sanitation and the chemical purification of water supplies became recognised
         in Europe and North America in the decades before the war. With this went a decline in death rates, a marked drop in infant
         mortality and a further growth in population.
      

      Another sign of the broadening interest in and support for public health measures in Britain was the establishment in 1913
         of the Medical Research Committee (the forerunner of today’s Medical Research Council). The government set up this committee
         with funds raised by National Insurance contributions, payable since Lloyd George’s radical budget two years earlier. Every
         worker in the country paid a penny towards a fund to build sanatoria to treat tuberculosis, one of the great killers of the
         day, especially among the poor in overcrowded cities. The contributions were known as the ‘TB Penny’. Part of this money –
         a sum of £57,000 per year – was allocated for research. The role of the Medical Research Committee was largely to coordinate
         such work, although it was itself allowed to carry out research into all aspects of medicine. A group of nine leading scientists,
         chaired by Lord Moulton and supported by an Advisory Council made up of representatives from the universities, were to formulate
         plans for medical research that would be funded by the ‘TB Penny’. The creation of the Medical Research Committee marks another
         important step in the state’s growing interest in the health of the nation, although its work had barely begun when the war
         refocused its attention in a different direction.
      

      One of the major new medical concerns in the years before the war was what were loosely called ‘nervous conditions’. Indeed,
         some doctors spoke of nervous breakdowns as the disease of the era, brought on by the speed, noise and pressures of modern urban life. Although the medical profession gave
         a great deal of attention to nervous conditions, the forms of treatment were limited and were largely determined by the class
         to which the patient belonged. Doctors with private practices were paid large sums to advise wealthy clients suffering from various psychoses. The general
         name for this discipline was neurology.
      

      Neurologists had high status and were paid well. At the National Hospital for Nervous Diseases in Queen Square, London, probably
         the most famous group of specialist doctors in the country studied and consulted on the physical changes that affected the
         brain in conditions like epilepsy, paralysis and tumour. However, the rest of the population who suffered from nervous breakdowns
         were classed as lunatics or simply ‘the insane’. They were assigned to lunatic asylums where lowly paid medical officers and
         psychiatrists tried to look after them. For many people, being registered as insane was nothing less than a life sentence.
         There was little attempt to treat them or solve their problems inside institutions that were often squalid and overcrowded.
      

      New academic work being done in Britain at Cambridge University led the way in the study of the new science of psychology.
         The university inaugurated a department of psychology at the end of the nineteenth century and in 1912 Charles Samuel Myers
         established there the country’s first experimental laboratory in psychology. But Britain still trailed behind the continent
         when it came to studying and treating neurotic diseases. In France the study of the mind was far in advance of Britain, and
         Paris had acquired an international reputation for the treatment of mental conditions. Joseph Babinski in his clinic at La
         Pitié hospital believed that cases could be cured by a stern approach, using isolation and counter-suggestion to reverse the
         psychological process that had caused the problem. Across the city at the Saltpetrière hospital, Jules Dejerine, on the other
         hand, launched the new science of psychotherapy to help a patient understand his or her own illness. Meanwhile, in Vienna,
         Sigmund Freud had already concluded that many psychological problems were down to the repression of memories and emotions
         in the unconscious mind. Only by bringing these emotions to the surface could a patient be cured. While the French doctors
         had a great deal of influence, however, Freud was not widely read or understood in Britain before the war.
      

      Another of the many developments taking place in the early twentieth century, and one that every Edwardian would have been
         very aware of, was in the field of mass communications. Newspapers that were once read only by the toffs, by the upper wealthy
         section of society, were becoming available to all. Furthermore, the railways had dramatically improved the speed of distribution
         and some of the major city newspapers like The Times of London and the Manchester Guardian became national dailies. Developments in printing with the advent of rotary presses, keyboard-operated type composition machines
         and roll newsprint paper enabled newspapers to be produced in much greater numbers than before. Following the educational
         reforms of 1870, literacy spread widely, especially among the lower middle classes, and by 1900 a new generation of clerks,
         shop assistants, artisans and white-collar office workers formed a reading public eager to buy something more interesting,
         shorter and more accessible than the traditional newspapers. As literacy levels shot up, prices came down. The numbers of
         penny journals, illustrated magazines and daily papers soared during the final decades of the nineteenth century. And then
         came a new breed of newspaper that spread like wildfire, consuming everything before it.
      

      Alfred Charles William Harmsworth was the eldest of eleven children born to a middle-class family. His alcoholic father struggled
         to keep up appearances for the family growing up in north London and, aged sixteen, Harmsworth left school with two passions,
         journalism and cycling. In 1886 he combined the two and became editor of Bicycling News for a Coventry-based newspaper group. Harmsworth had a brilliant intuitive sense of what the vast reading public wanted and
         he soon started to publish his own cheap and hugely popular papers and magazines, including Answers, Comic Cuts and Forget-Me-Not, a popular journal for women. By the end of 1894 his papers and journals were selling more than two million copies weekly and he began to amass a fortune from his growing publishing operations. Two years later he founded the Daily Mail with the tag line ‘A Penny Newspaper for One Halfpenny’. He changed the layout of newspapers by using bolder typefaces and
         large eye-grabbing headlines. All the items were short, including political and business reports. There was plenty of sport
         and daily racing tips. And there were several columns dedicated to women, reporting on fashion, food, cookery and general
         matters relating to the home. Today this would be seen as gender stereotyping, but in the 1890s Harmsworth judged his readership
         perfectly and in no time the Daily Mail was selling half a million copies a day, rising to over a million during the Boer War. In 1903, Harmsworth went further and
         founded the Daily Mirror, which specialised in the reproduction of photographs using a new half-tone printing process.
      

      Harmsworth helped to project a new form of popular tabloid journalism into Britain just as the numbers of readers with time,
         money and the interest to buy newspapers exploded dramatically. With the wealth he built up, he went on to acquire established
         titles like The Observer, and in a coup he anonymously bought The Times, by now almost bankrupt, thereby gaining control of a central organ of the British establishment. His newspapers took clearly
         established positions on the big issues of the day. For instance, he repeatedly railed against the commercial, naval and political
         rivalry of Germany and he regarded the British establishment as being asleep to the threat posed by this growing, expansive
         nation. The Kaiser himself even complained of the hostility to Germany expressed in the pages of The Times and the Daily Mail as ‘doing the most harm’ to Anglo-German relations.6 Although entirely a self-made man, Harmsworth mixed with leading politicians and writers and, partly thanks to his support
         of the Unionist cause, in 1905 he was created Baron Northcliffe. As the owner of one of the biggest publishing empires in
         the world he was able to exert immense influence not only over British politics but also over the popular culture of the nation.
      

Alongside this, an entirely new type of popular entertainment created at the very end of the nineteenth century would become
         one of the great cultural forms of the new century. Like so many inventions, that of the moving picture cinematograph involved
         bringing together many existing or recently discovered technologies. The concept of the ‘persistence of vision’, that the
         eye retains an image flashed only briefly in front of it, until a following image is presented, thus maintaining a sort of
         visual continuity, had been understood for some time. It was at the core of many Victorian children’s parlour games based
         around the Zoetrope. The lantern show, meanwhile, was a more common form of entertainment for people of all ages in which
         slides were projected on to a screen. When the precision technology of the moving camera was combined with George Eastman’s
         creation of flexible roll film – made from the new synthetic plastic ‘cel luloid’ – that could be pulled through the camera
         on sprockets, all the elements needed to make the cinematograph were in place.
      

      Thomas Edison, the inveterate US inventor, and the Lumière Brothers in France both laid claim to having been the first to
         screen moving pictures to a paying audience in 1895. During the first decade and a half of the twentieth century, the cinema
         spread from being a sideshow attraction at fairgrounds to becoming a form of popular entertainment in its own right. People
         could now go and pay to see a series of short, moving picture entertainments in new, custom-built ‘electric cinema palaces’.
         By 1914, there were already 4500 cinemas in Britain.
      

      The bicycle was yet another invention of the mid-nineteenth century, this time bringing together a mechanical means of propulsion
         with an effective suspension system. When the mechanical framework was combined with the invention of the pneumatic tyre,
         the modern safety bicycle was born. In the early twentieth century bicycles began to offer young people opportunities for
         travel and a means to break up the insular, parish basis of rural life. Boys could find girlfriends outside the village or community in which they lived. Girls could cycle to find work away from the streets in which they had
         grown up. The bicycle offered both men and women an invitation to adventure and an opportunity for freedom.
      

      The bicycle also created a new generation of mechanical processes: first design and manufacture, then constant maintenance
         and repair. Mechanically minded young men began to open cycle repair shops in every town and city. In Britain, Coventry became
         the centre of bicycle manufacturing as other mechanically based industries there sought to diversify. The Coventry Sewing
         Machine Company was one of many operations that made a gradual shift to the manufacture of bicycles, and the growth of the
         industry would have a major effect upon the face of the West Midlands from the 1860s onwards.
      

      The development of the internal combustion engine was another revolutionary technology, a great force for change in the twentieth
         century that had seen its origins in the last decades of the nineteenth. The German engineer Nikolaus Otto produced a gas
         engine in 1876. When Gottlieb Daimler adapted this to run on petrol and a suitable chassis produced by Karl Benz was added
         in 1889, a period of huge innovation and change followed. Although the motor car was ‘invented’ in Germany, it was developed
         far more quickly in France where, in the early 1890s, the likes of Armand Peugeot and Panhard Lavassor soon began to make
         money by selling large numbers of cars. Britain was characteristically late to the party as the Light Locomotives on Highways
         Act kept the speed limit on Britain’s roads to a pitiful 4 mph, and had initially insisted that a man carrying a red flag
         should walk in front of every vehicle. It was only after the Act’s repeal in November 1896 that motoring in Britain began
         to spread.
      

      For many years, most motor vehicles in Britain were imports from France or Germany, although a young British engineer began
         to change that. Frederick Lanchester was another tireless inventor, constantly frustrated by the slow pace at which technical
         ideas were taken up. In his youth he built a laboratory in his family’s home in Balham, south London. Aged only twenty, having not yet completed his formal education, he so impressed the owner of an engine
         manufacturing company in Birmingham that he was offered the job of assistant works manager. Here, Lanchester started to register
         the first of the 426 patents he would take out during his life. In the mid-1890s, he built the first British motor boat and
         then the first all-British four-wheel petrol-powered motor car. It had a single-cylinder engine and was the first car designed
         to run on pneumatic tyres. In 1899 he founded the Lanchester Engine Company, helping to advance engine design and develop
         a native motor industry in the West Midlands.
      

      In the first decade of the twentieth century, however, motoring was only for the wealthy and the determined. Cars were expensive
         and difficult to run: even starting the engine required a whole sequence of activities which included opening the bonnet,
         filling the radiator with coolant, adjusting oil pressures, priming the carburettor, swinging the starter handle and advancing
         the ignition. And when driving, the motorist was likely to suffer from a variety of mechanical failures and punctures. It
         was no wonder that most owners needed a trained chauffeur-mechanic to assist. In addition, road surfaces were extremely poor,
         often rutted, throwing up clouds of dust when it was dry or running with water when wet. Pneumatic tyres and basic suspension
         provided some relief from the bumps but punctures were frequent and were slow to repair. Finding supplies of petrol could
         also be difficult. Moreover, intrepid early motorists needed an entire new wardrobe of clothing: goggles, leather helmets,
         gabardine smocks, tweed driving jackets, and for ladies gauze hoods and veils to protect them from the endless dust.
      

      But, for many, driving was about the thrill of speed, and almost from the beginning, enthusiasts started to race motor cars.
         The Gordon Bennett races began in France in 1900 and transferred to Ireland three years later. Across Europe further long-distance
         races like the Paris–Bordeaux–Paris and the Circuit des Ardennes began to draw big crowds. The emphasis on speed and long-distance
         endurance also had the effect of helping to improve engines and increase performance.
      

      However, the manufacture of motor cars relied upon many processes in addition to the creation of an efficient and reliable
         engine, and car factories were in the early days (as they remain today) largely assembly plants that relied on many separately
         produced components. The building of a suitable chassis is an essential element, and so many coach manufacturers were drawn
         into early automobile production. Gearboxes, steering mechanisms, braking controls and powerful suspension systems all had
         to be produced. In Britain, development of the motor car was the logical next step from bicycle production and so many of
         the engineer-mechanics who followed Lanchester into the British automobile industry were concentrated in the West Midlands.
         Alongside came the need for a new level of precision engineering. For instance, pistons had to be made to an accuracy of one
         hundredth of a millimetre, an exactness that had never been needed in industry before.
      

      Slowly, motoring spread down from the extremely wealthy to the moderately well-off. In some towns or villages the local doctor
         was sometimes seen driving to visit his patients in a motor car. Garages began to replace blacksmiths and arrays of new machine
         tools were produced to repair and maintain automobiles and all the components that kept them moving. In 1913, an electric
         starter system was first used and electric lights began to replace the original acetylene gas powered lamps mounted by the
         radiator. In 1914, the introduction of hand pumps, rather than two-gallon cans, to fill fuel tanks ushered in the development
         of an entirely new energy supply industry. Along with the motor car came the development of the articulated lorry and the
         motor bus. The motorised lorry began to revolutionise the transportation of goods and materials, while most people’s first
         encounter with motoring was to travel in one of the motor omnibuses which rapidly transformed transport within towns and cities.
         By 1914, London alone had more than two thousand motor buses, a good proportion of which were double deckers. With motor cars spreading everywhere and buses clogging up the streets, the face of the city was changing rapidly.
      

      A new generation of enthusiasts were inspired by the advent of the internal combustion engine. Thousands of young men, fascinated
         by the lure of speed, took on the mechanical challenge of designing, building and maintaining engines. Several small companies,
         founded by engineer mechanics who had raised some cash and turned entrepreneurs, were established in Britain in the 1900s.
         Sometimes they consisted of little more than a workshop or an assembly shed. This created an industry with too many small,
         uneconomic producers manufacturing too many different designs, and before long some of the more successful companies began
         to take over the smaller operations. Names like Napier, Morris, Triumph, Rolls, Rover, Hillman, Humber, Wolseley, Swift, Singer
         and others began to dominate the new motor industry. By 1910, Herbert Austin employed one thousand workers at his Longbridge
         plant to mass produce a 7 hp car. Austin, alongside Lanchester, was the most visionary of the automobile pioneers and the
         pair saw that by standardising components they could speed up production and keep down costs. Both their companies prospered.
         In the United States Henry Ford led the way forward when he finessed the concept of mass production at his giant Highland
         Park factory in Michigan. Ford broke down the manufacturing process into the smallest possible units, so that a worker would
         carry out only one of these operations as the production line moved along at waist height. The Ford plant was dedicated to
         manufacturing a single standardised vehicle, the Model T, the ‘Tin Lizzie’. In 1909, just over 12,000 Model Ts came off the
         factory line; in 1915 more than one million were produced. By introducing the factory production line, Ford unleashed a new
         era in capitalism and economic growth in which the workers ultimately became the consumers of the new products.
      

      Lighter-than-air balloons had been built and flown in France since the 1780s and great developments in the science of ballooning
         had followed over the next hundred years. In a separate development, during the nineteenth century many of the basic principles
         of aerodynamics had been studied and understood. Sir George Cayley, a Yorkshire engineer, produced a treatise on what he called
         ‘Aerial Navigation’ and worked out the shape needed for a wing to provide the lift necessary for an aircraft. With a curved
         top surface and a flat lower surface, air would travel faster over the top of the wing providing the ‘lift’ to sustain flight.
         The first man-carrying glider flew across Brompton Dale in Yorkshire in 1853 supposedly piloted by Cayley’s footman. Cayley
         also calculated the power necessary to achieve lift with a given weight of airframe. But no engine at that point had a high
         enough power output in relation to its weight to make flight possible. It was only with the coming of the petrolfuelled internal
         combustion engine that engines both powerful and small enough became available. From that mom ent on it was inevitable that
         powered flight would be both possible and practical. But powered flight itself was to be a twentieth-century phenomenon.
      

      There were several key challenges to be solved before an aircraft would be able to fly. Having mastered the correct design
         of the wing to provide lift, a suitable airframe had to be constructed. This was the relatively easy part, and although many
         gliders were of a monoplane variety it was soon discovered that extra lift could be guaranteed by constructing biplanes.
         They had, effectively, double the wingspan, providing double support and lift. Another problem was the provision of controls
         to manage the craft when it was in the air. This took much experimentation and practice, and was achieved through trial and
         error rather than by the application of scientific or mathematical principles. The next and far more challenging task was
         to build an engine with the correct power-to-weight ratio, small and light enough to generate the power needed to get a craft
         into the air and then enable it to remain airborne. Thanks to the enormous advances taking place with the development of the
         internal combustion engine for motor vehicles in the early years of the twentieth century, the power-to-weight problem was finally solved with an aluminium engine that produced about 12 hp of energy.
      

      Wilbur and Orville Wright were the first to achieve powered flight at Kitty Hawk in 1903. They were bicycle manufacturers
         from Dayton, Ohio, illustrating how the mechanical technologies had advanced from bicycles, through automobiles and on to
         aeroplanes. The brothers moved their experimental work to the North Carolina coast where steady and regular winds provided
         the extra boost needed to create lift. From 1900, for three years, they built a series of gliders to master the techniques
         of flight. Then, employing their own basic biplane design constructed with a spruce wood frame and muslin wing coverings,
         along with controls they had devised themselves and a small engine, they finally launched the era of powered flight on 17
         December 1903. Barely anyone noticed this historic achievement and it was a couple of days before even the local press reported
         it.
      

      However, the Wright brothers quickly improved both their aircraft and their understanding of the basics of flight. When Wilbur
         arrived in France in the summer of 1908 to give a set of public demonstrations of their aircraft, he was celebrated as the
         first great pioneer of modern aviation. Leading politicians and captains of industry flocked to see him flying. Lord Northcliffe,
         the newspaper baron, took Arthur Balfour, the leader of the Opposition, to watch the demonstrations. King Edward VII even
         went to see Wright fly.
      

      It is often claimed that Britain lagged behind the rest of the world in aviation, although this was definitely not the case with military aviation as we shall see in the following chapters. Nevertheless, Britain at the beginning of the
         twentieth century is usually seen as a technophobe nation and there is certainly some truth to this. Much of it came down
         to the education system. The public schools that produced the elite of British society were totally focused on providing a
         classical education, and gave far more importance to Homer and Virgil than to mechanics and physics. A good education was
         thought to provide not only the ability to read Greek and Latin, but also to compose verse in these two dead languages. Pupils
         learned to look down on science, while engineering was thought to be beneath the dignity of a gentleman. The Edwardian public
         schools were most certainly anti-technology.
      

      It has often been said that men with little or no higher education had created the Industrial Revolution that shaped modern
         Britain, despite the educational system. However, in the early twentieth century the university sector was slowly changing. It is difficult
         today to imagine a university system as tiny and exclusive as that of Edwardian Britain. The oldest and most prestigious universities
         were filled by pupils from the public schools and so were still dominated by the classics, or by a combination of classical
         studies and mathematics. But even Oxford and Cambridge, and definitely the newer redbrick civic universities often sited in
         the great industrial cities, offered a growing mix of applied scientific studies to the increasing number of middle-class
         students. Liverpool, Leeds and Manchester Universities were forging ahead in this regard. Osborne Reynolds, Professor of Engineering
         at Manchester, did important work in fluid mechanics and his successor Joseph Ernest Petavel worked on aeronautics. At Leeds
         there was a professorship dedicated to the coal and gas industries. And there were signs of a new interest in science even
         at Edwardian Cambridge. Lord Rayleigh at Trinity College, one of the most famous and respected physicists in the country,
         and Bertram Hopkinson, Professor of Applied Mechanics, did important work on explosions, on the internal combustion engine
         and on metal fatigue. The engineering school at Cambridge produced the largest number of graduate engineers in Britain, many
         of them trained in the sort of complex mathematics that was essential for research in new sciences like aeronautics. However,
         the emphasis in British universities was predominantly on pure sciences and few graduates were encouraged to dirty their hands
         by going into industry. The war would transform this.
      

      Britain’s industrial supremacy was looking decidedly shaky in the first decade of the twentieth century. Its key industrial
         rivals possessed a great advantage in the provision of vocational training in science and engineering. In Germany, alongside the old universities which, as in Britain, looked down on industry, there was
         a new generation of technical schools, the excellent Technische Hochschulen. Here the professors maintained close links with industry so the schools could carry out vital research needed for industrial
         progress. As a consequence, the major engineering and manufacturing companies had a ready supply of trained graduates. In
         the United States of America, where many universities were also close to industry, the establishment during the nineteenth
         century of such important centres as the Massachusetts Institute of Technology and the Stevens Institute of Technology brought
         together the highest academic standards with the needs of rapidly developing technology.
      

      There were technical schools in Britain, although they did not fare well in the educational reforms of the Edwardian era and
         suffered from chronic under-funding. Nevertheless, these colleges were to play an important role in the development of the
         new sciences. For instance, the technical colleges at Finsbury and at Crystal Palace in London provided a suitable education
         for young men who were enthusiastic about the new mechanical technologies. They also offered courses in electrical engineering
         and motor sciences. Many of the pioneers of aviation went to these schools. Sylvanus Thompson at Finsbury was tutor to both
         Frederick Handley Page and Richard Fairey. Geoffrey de Havilland went to Crystal Palace. Some colleges also offered evening
         classes for students who were in employment but keen to improve the academic basis of their work. Their graduates were to
         drive forward many of the ‘new’ mechanical-based industries of the twentieth century. But they were still few in number by
         comparison to the graduates of similar schools in Germany and the United States: in 1913, there were 40,000 students of science
         and technology in the United States, 17,000 in Germany and 5500 in Britain.7 It is not surprising to find that Germany and the USA were soon to surpass Britain in industrial output.
      

      Many men of science were aware of these issues. At a con ference in May 1916, several leading British scientists gathered
         to lament the bias of the educational system against science. They expressed horror at the fact that so many educated politicians and civil
         servants were fluent in Greek and Latin but knew nothing of scientific method or of new developments in physics, chemistry
         and engineering. It was pointed out that the headmasters of thirty-four of the top thirty-five public schools were classicists;
         that only four Cambridge colleges were presided over by men with scientific training and that there were none at Oxford. Lord
         Rayleigh described this as ‘truly deplorable’. The division within the class that ruled the country between those with a classical
         education and those with a scientific background was to exercise many people for decades to come.8

      The great technological changes that transformed the Edwardian era were closely linked. Behind everything was electricity.
         New electric powered technologies were transforming streets and homes. The building of the electric underground railway in
         London was one of the great achievements of the age, even if much of the network was not completed until the 1920s. The spread
         of the motor car (there were 132,000 private cars and 51,000 buses, taxis and coaches in Britain in 1914) enabled cities to
         develop vast suburbs and to grow into huge conurbations in which much of the change was concentrated. By 1914, four out of
         five people in England and Wales lived in cities and Greater London had a population of seven and a quarter million. In Manchester,
         there was one cinema seat for every eight inhabitants. Rising prosperity, particularly among the lower middle classes if not
         the working classes, helped fuel the growth of new retail chains, the spread of a mass market and the development of national
         brands of food and drink. The explosion of the tabloid press selling at low, accessible prices relied on advertising which
         helped the spread of these new brands. Everyone agreed that technology was changing the patterns of life in an extraordinary
         way. All of this was bound to have an effect upon the military and upon thinking of how to fight the next war, if and when
         it came.
      

The Edwardian Army and the Royal Navy, run by two great departments of state at the War Office and the Admiralty at the north
         end of Whitehall, were largely conservative-minded operations whose senior figures shared the attitudes and values of the
         rest of the British elite. In Britain’s forces as in most armies and navies around the world, military work involved the repetition
         of the same processes over and over again. Tradition was given much greater credibility than innovation. At the Royal Academy
         at Sandhurst there was no science on the curriculum. New ideas and new approaches were not welcome. Senior army and naval
         officers, almost exclusively the products of the public schools, had a suspicion of industry and science just like the rest
         of their class. They were professionals who believed they knew what they were doing, had been doing it for some time and saw
         no reason to change the way they were doing it. Socially, the army was deeply conservative, and the life of the officer class
         revolved around fixed rituals that were based on loyalty to a regiment or battalion. H.G. Wells, the great science fiction
         writer and one of the reformers of the era, saw the army as ‘a thing aloof’, an institution that ‘had developed all the characteristics
         of a caste’ and was ‘inadaptable and conservative’.9

      The biggest division within every army and navy in the world in the early twentieth century was that between officers and
         ‘other ranks’. This again closely mirrored and sustained the fundamental division in society between owners and managers on
         the one part, and labourers or workers on the other – a division even extended to many sports of the day, like Edwardian cricket,
         where it was expressed as the difference between ‘gentlemen’ (who took part for the love of the sport) and ‘players’ (who
         played for money). The world of the late Victorian or Edwardian officer was one of luxury rarely seen today. Even the most
         junior officers had their own servants who would unpack their bags, lay out their clothes and probably clean their boots.
         Life in the officers’ mess involved much ritual but was, like life in a country house or a wealthy city dweller’s home, entirely
         reliant upon a division between upstairs and downstairs and the existence of a vast army of servants and domestic workers. With some infamous exceptions, there was very little familiarity
         across this divide, and while an officer would have responsibility for the care and welfare of his men, there were few occasions
         when an officer would mix or socialise with the men in his battalion. The activities of the two groups were kept rigidly separate.
         To many in Edwardian Britain, especially to those in the army or the navy, it probably looked as though these divisions would
         continue for ever.
      

      However, the outpouring of inventions in the late nineteenth and early twentieth centuries – electricity, new chemical industries,
         the internal combustion engine, radio, cinema, powered flight – all began to challenge the nature of military thinking. The
         industrialisation of war and the introduction of new military technologies is one of the most striking features of the last
         decades of the nineteenth century. The British Army that went to war in the Crimea in 1854 was armed with muzzle-loading rifles
         designed at the end of the seventeenth century. These fired smooth-bore pellets and were reliable only up to a range of about
         eighty yards. The artillery fired spherical cannonballs to a range of about two miles. Sixty years later, Lee Enfield rifles
         firing conical bullets from a magazine were accurate up to 400 yards and a well-trained soldier could fire at the rate of
         fifteen rounds a minute. The newly invented machine gun, with a rate of fire of up to 600 bullets per minute, would soon prove
         to be a mass killing machine. Meanwhile, the artillery had been transformed. Breech loading and steel barrels, rifled to provide
         greater accuracy, enabled field artillery to hit targets at a range of up to seven miles. Heavy mortars could throw incredibly
         powerful ordnance over a considerable distance.
      

      The American Civil War of 1861–5 has been called ‘the first Great War of the Industrial Revolution’.10 Railways played a key part in transporting troops to the front. Trenches were dug and barbed wire used extensively. The employment
         of armoured trains, land mines, balloons, the field telegraph, ironclad ships, submarines and sea mines began to transform
         the nature of war. Countries at the forefront of these technological changes, like Germany with its huge Krupp steel works, or Japan, had a great advantage. The Prussians
         defeated Austria in a ten-week campaign in 1866 and France in six months in 1870–1. Japan overcame Imperial Russia in a campaign
         that stunned the western world in the war of 1904–5. Britain’s prowess was in its navy and the fifteen-inch guns installed
         in the latest of the huge steel-armoured dreadnought battleships had a range of nearly nineteen miles. And the Royal Navy
         was as large as the next two biggest navies combined.
      

      What was different about the First World War was not only the level of industrialisation but also the scale of the conflict.
         The mass armies that assembled in 1914 were equipped with the latest scientific and industrial offerings but in addition,
         after several decades of rapid population growth, were of an unprecedented size. The population of Germany increased by more
         than one half between 1870 and 1910, from 41 to 65 million. Germany could assemble an army of 5,170,000 men including reserves
         in 1914. The French mobilised 4 million men at the outbreak of war. Russia, with a population of 161 million, also had 4 million
         trained men available. But of course every army also had to be fed, watered, uniformed, provided with boots, communications
         and transport as well as guns and equipment. So, when war came in 1914 it would be the first ever fully industrialised, scientific
         war. The big question was, were the military classes ready for this? And would it be the soldiers or the scientists who would
         discover what was needed to win a twentieth-century war?
      

      The first application of science to the new technology that would go to war in 1914 came in what contemporaries saw as the
         extraordinary new science of aviation. Although the first dramatic developments in powered flight had happened elsewhere,
         it would not be long before the excitement of the first pioneers would spread to the British shores.
      

   



      Part One

      Aviators
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      The Pioneers

      
      On Friday 30 April 1909, an event of great historic importance took place in a field near Leysdown on the Isle of Sheppey,
         where the Thames widens into a broad estuary. A young racing driver and mechanical enthusiast by the name of John Theodore
         Cuthbert Moore-Brabazon climbed into a fragile canvas-and-wire structure. With huge biplane wings and parallel vertical panels
         on either end, it looked rather like a large box kite. The structure had an elevator in the front and an enormous biplane-like
         tail. In between the two wings was a 10 hp engine with a crude three-ply wooden propeller. To fly this contraption, Moore-Brabazon
         had to lie flat on the lower wing and operate the limited controls with his arms stretched out in front of him. The wind was
         blowing very gently from the south when he climbed in, checked the rudder controls, started the engine and, once happy that
         it was running smoothly, instructed his friends who were clinging on to the wings to let go. He moved gently forwards. The
         engine pulled well and after a few yards a sudden gust of wind hit the craft head on. With so much lift from the large wings,
         the contraption took off and ascended perfectly into the air, to a height of about fifty feet.
      

      
      Moore-Brabazon was just beginning to enjoy the experience when another gust of wind caught the aircraft from the side. It
         tipped suddenly off balance and the right wing rose higher in the air. Moore-Brabazon heaved the rudder control as strongly
         as he could to try to rebalance the aircraft, but to his dismay the pressure he exerted broke the control line. He was now
         in the air with no control over his machine. All he could do was to tilt the front elevator and glide slowly back down to
         earth. But the field was full of ditches and dykes and he now had to worry about finding a smooth spot on which to land. Only
         a few seconds later, still out of balance from the gust of wind, the left wingtip hit the ground heavily. The aircraft shuddered
         under the impact. Wires and struts snapped viciously. As the machine crashed into the ground, the shock of the impact forced
         the engine from its moorings and it shot forwards, missing Moore-Brabazon by inches, and buried itself in the earth. The pilot,
         bumped and bruised and a little dazed but otherwise unhurt, was trapped on the wing, tied down by the wires that had come
         loose and wrapped around him. The first sensation he felt was being licked by his two dogs who had run after the aircraft.
         The previous few moments had been neither impressive nor heroic. The aircraft had only travelled 150 yards and had never attained
         a height of more than about fifty feet. But Moore-Brabazon had made history. For this was the first powered flight by a Briton
         in Britain. It was, as he later said, ‘an adventure into the unknown’.1 For his efforts, Moore-Brabazon was awarded Certificate No. 1 from the English Aero Club, the first ever pilot’s licence
         issued in Britain.
      

      
      Although this was a British first, fliers had been taking to the air for some years in fragile canvas devices powered by one
         of the new generation of motor engines. After the Wright brothers’ first, famous heavier-than-air flight on 17 December 1903
         at Kitty Hawk in North Carolina, it had taken three years for flying to come to Europe when on 12 November 1906, in France,
         the Franco-Brazilian pilot Alberto Santos-Dumont flew, or some said hopped, a little over 200 yards in his own aircraft. And
         France was to be the centre of European aviation for some years to come. Gifted engineers like Gabriel Voisin and Henri Farman
         began to build and fly several new designs of aircraft. Indeed, John Moore-Brabazon was flying a French Voisin-Farman aircraft when he first took to the air on the Isle of Sheppey.
         He had lived in France and made several flights there beforehand, watched by crowds who cheered him on. He described these
         early flights as like ‘sitting on a jelly in a strong draught’.2 

      
      Moore-Brabazon, better known simply as Brabazon or ‘Brab’, was typical of the pioneers who characterised the first chapter
         in the history of flight. His family were members of the Anglo-Irish aristocracy and he had attended Harrow, one of the top
         public schools. But while there he fell head over heels in love with the motor car. Like many of his age group with a mechanical
         bent, he became obsessed by the new engineering triumph and gave a lecture to his school scientific society on the workings
         of the internal combustion engine. His father, who had served in the Indian army for thirty years, thought his son should
         be getting a fine classical education and like many of his generation, as Brabazon put it, ‘did not “hold” with motor-cars’.3 Family pressure persuaded Brabazon to apply to Cambridge to study for an Applied Sciences degree. Bizarrely, he had to spend
         a term at a crammer to improve his Greek, which he had neglected at school, to get through his matriculation exams even to
         study sciences. But he only spent a year at Cambridge before dropping out.
      

      
      While there, he met another young man from a similar social background who shared his obsession with motor cars: Charles Rolls
         was about to form a company to design and build automobiles. The two young men used to race cars together and won several
         speed trials in the Gordon Bennett races (named after the proprietor of the New York Herald) in Ireland in July 1903. After dropping out of Cambridge, Brabazon stayed in close touch with Rolls but moved to Paris,
         where he served a form of apprenticeship in the workshop of the Darracq Motor Company. Here he did a bit of everything, from
         assembling engines to fitting tyres on to new vehicles.
      

      
      Before long, the young Englishman had an opportunity to try his hand once again at motor racing, and very good at it he turned
         out to be. The thrill of driving at speed seems to have captivated him, and soon Brabazon was winning motor races – and with them
         decent sums of prize money. He raced in Britain, in Ireland and on the continent for several different companies including
         Austin, Mors and Minerva. It was in one of the Minerva cars that he made an international name for himself by winning the
         celebrated Circuit des Ardennes in 1907. His car reached the then incredible speed of 70 mph.
      

      
      Brabazon, like many of the bright young things of his era, enjoyed another enthusiasm. Having started in France in the 1780s,
         by the early twentieth century ballooning had become established as a form of reconnaissance for the military. However, it
         was now also a fashionable recreational sport for the wealthy elite; to fill a balloon with the required 45,000 cubic feet
         of gas cost five pounds (equivalent to about £500 today). While at Cambridge, Brabazon discovered the joy of sailing silently
         and majestically over the countryside suspended in a basket below a large spherical balloon. He loved the peace and quiet
         of ballooning, and in a way that perfectly summed up his class he used to say that ‘to go up in a balloon is the only way
         to go into the air like a gentleman’.4 

      
      It was perhaps inevitable in 1906–7, when interest began to grow in the new science of aviation, that Brabazon and his chums
         like Charles Rolls would take up this latest fad. It offered the opportunity to combine a fascination for solving mechanical
         problems with the thrill of speed and the excitement of flight. After Brabazon’s victory at the Circuit des Ardennes, several
         motor manufacturers approached him with requests to drive for them. But instead Brabazon spent more time mixing with the young
         men who were beginning to pioneer the new sport of flying.
      

      
      One group Brabazon got to know well was the three Short brothers, Horace, Eustace and Oswald. They came from a family of north
         country mining engineers. The eldest, Horace, had designed an early form of amplifier in the late 1890s. The brothers initially
         set up a business in Hove, near Brighton, to construct balloons. After a few years they each put up £200 capital to form a company to design and build aircraft and moved to a larger site, erecting a
         set of hangars on an area of marshland at Leysdown on the Isle of Sheppey. When Brabazon returned from France he based himself
         there.
      

      
      Most of the early pioneers emerged from the tradition of mechanical engineering whose champions had been part of the revolution
         in transport over the previous decades. The Wright brothers were bicycle manufacturers, while in France many of the pioneers
         were technicians who enjoyed trying to make machines work successfully. In Britain the first generation of aviation pioneers
         quickly established themselves, building their own aircraft or adapting the designs of others. Broadly speaking, they fell
         into two types. First there were the gentlemen pioneers, of whom Brabazon is a perfect example; another was his friend, the
         son of a peer who was correctly known as The Honourable Charles Stewart Rolls.
      

      
      Rolls had been to Eton and Trinity College, Cambridge, and was one of the first people in Britain to acquire a motor car when
         in October 1896 he imported a Peugeot from France. He attracted an immense amount of attention when he drove it up from London
         to Cambridge, a journey that took eleven and a half hours. Rolls was tall, thin and looked every inch the aristocrat, but
         unusually for his class he had an instinctive understanding of things mechanical. Flamboyant, wealthy and still in his twenties,
         he cut a dashing figure on the early motor racing circuit and later was one of the first to join the RAC, which he helped
         to run for some years. He was a great publicist for the motor car.
      

      
      In 1902, Rolls formed his own motor company in Fulham, dealing largely in French Panhard vehicles. But it was when, in 1906,
         he merged this concern with Frederick Henry Royce’s Manchester engineering parts supply company that one of the greatest brands
         in motoring and aviation was created. The resultant manufacturing company, based in Derby, was set up with capital of £60,000
         and the first Rolls-Royce was a four-cylinder, 20 hp luxury vehicle named the Grey Ghost. Although by the time of the merger
         Rolls had become obsessed with aviation, the Rolls-Royce company devoted its early years to the manufacture of luxury motor vehicles.
         It was only during the war that it produced its first aircraft engines. The very name Rolls-Royce of course still stands as
         a by-word for excellence.
      

      
      Thomas Sopwith was another member of the wealthy classes who enjoyed pursuing his passions of yachting, motorcycling and motor
         racing and first came to aviation as a sport. Having bought a single-seat monoplane and taught himself to fly, in 1910 he
         established a British record by flying 107 miles in 3 hours 10 minutes. After this he opened a flying school at Brooklands.
         Among those who learned to fly at the school was Harry Hawker (whose company twenty-five years later built the Hurricane fighter).
         Sopwith went on to design and build his own aircraft through the Sopwith Aviation Company, where his models soon acquired
         a reputation for combining manoeuvrability with stability; his name would become a household word in the course of the war
         for the famous series of fighters he produced.
      

      
      Some of the other British aviation pioneers, however, were not sons of the gentry, and – like the Short brothers – they represented
         a different tradition that also fed into the early aviation business. Alliott Verdon Roe was born into a middle-class family
         in the suburbs of Manchester. His family moved to Clapham Common in south London and he attended St Paul’s School, but he
         was not happy there and left at fourteen to be apprenticed at a railway locomotive works outside Manchester. During his apprenticeship
         he developed an enthusiasm for cycling and a reputation as a fine bicycle mechanic. He then went to sea as an engineer for
         the British and South African Royal Mail Company, and while he was watching albatrosses glide in the wake of his ships he
         developed an all-consuming passion for flight.5 He left the merchant navy in 1902 and became a draughtsman in the new automobile industry, where he came up with an improved
         gear-changing mechanism. But Roe spent as much time as possible building gliders and furthering his interest in the possibilities of aviation. In January 1906 an engineering supplement of The Times published a letter from Roe in which he dismissed ballooning and said the future of aviation lay with ‘the aeroplane system’.
         He predicted that motor-driven machines would be flying over England by the following summer.6 

      
      But A.V. Roe, as he was known, had no wealthy friends to back him, and during the next couple of years he struggled to find
         funding to develop his ideas. In August 1907 he won a small amount of money from a competition flying aircraft models. Then,
         in the mews of a house in Wandsworth where an elder brother lived, he built his first aircraft. Its wooden frame was stiffened
         by wire bracing, and it had an upper wingspan of 36ft and a lower wingspan of 30ft. A local cycle shop mechanic helped with
         the welding work. There was no rudder, while the pilot’s place was at the very front, by the forward elevator. The big advance
         was that Roe designed the first all-purpose control column, effectively a prototype joystick, with which the pilot could adjust
         the elevator and hence affect the aircraft’s vertical movement.
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