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  Introduction


  It was like something from another world. A huge, streamlined, silvery-blue shape caught in the crossbeams of powerful searchlights, prowling slowly over the Manhattan
  skyscrapers. In the early hours of Thursday, 10 July 1919, hundreds of thousands of New Yorkers rushed out onto the streets and rooftops and gaped up into the sky as the great ship, hundreds of
  feet long, rolled slowly across the city. Restaurants, hotels, theatres, nightclubs and bars emptied as people took to the street to gaze upwards. The sight was one of the great events of the
  summer of 1919.


  None of them had seen anything like it. The vast ship, as long as an ocean liner, three times the size of a modern jumbo jet, shimmered against the dark sky like some vision out of the future.
  Its majestic progress down Manhattan halted over the New York Times building at the corner of 42nd Street and Times Square. Then, very slowly, it turned its bow east and headed off over the
  East River towards Long Island and the Atlantic. New Yorkers were left to wonder as the thrum of the ships engines died away to the east.


  But it was no alien visitation or vision of the future. The Leviathan in the sky was the Scottish-built airship R34. It was manned by a 30-strong crew of World War I veterans and a few days
  earlier had made the first-ever eastwest flight across the Atlantic against headwinds and electrical storms. Now, after four days of being wined, dined and courted by New Yorks finest
  and sharing a platform with the president himself, the crew were on their way home  to make the first-ever return flight from Europe to North America.


  The flight of the R34 in July 1919 was one of the great feats of British aviation and it has been largely forgotten. All the glory has been attached to Alcock and
  Browns flight which took place a few weeks earlier which was not only more than 1,000 miles shorter than the R34s but was only one way and had the huge benefit of a following wind.
  But the R34 did it the long, hard way, flying almost 4,000 miles from an airfield east of Edinburgh to an airfield east of New York City  and then back again to Britain. It was the longest
  flight ever by any aircraft and the longest time any airship had spent in the air.


  And in the eyes of many it proved  or at least strongly suggested  that passenger flights across the Atlantic were possible and that lighter-than-air ships were the way ahead. Many
  (maybe even most) aviation experts in 1919 regarded heavier-than-air aeroplanes as being too limited in their range and too small in size ever to carry enough passengers to make long flights
  profitable. The R34s transatlantic flight seemed, at least, to have settled the argument.


  Aeroplanes would make the short hops, the conventional thinking ran, but the long, intercontinental flights, would be left to the big dirigibles. And the R34 was, at the time, one
  of the biggest dirigibles on the planet. The R34 seemed to bring to life the picture drawn by Kipling in his 1905 story With the Night Mail of fleets of fast-flying commercial and
  passenger airships criss-crossing the Atlantic every day, shepherded on their way by a system of searchlights and radio beacons.


  Theres something about the story of the R34 that appeals to me in ways that the stories of the other transatlantic projects do not. Partly it is because most of the others  the
  successful ones at least  are well known. Almost everyone in Britain knows the tale of Alcock and Brown, who made the first flight from Newfoundland to the west coast of Ireland. Most
  aviation buffs are familiar with the attempt by Harry Hawker and Mackenzie Grieve and how that attempt came to grief and almost cost the men their lives. A few know of the failed efforts of
  Rear-Admiral Mark Kerr and Freddie Raynham.


  But hardly anyone in Britain remembers the saga of the R34, the great Clyde-built airship that made the journey from East Fortune in East Lothian to Mineola in Long Island
  with thirty-one men aboard, one of them a stowaway, two carrier pigeons and a cat who shouldnt have been there. The R34 has left few overt traces: a plaque in a shopping mall in Mineola;
  some photographs, crew items and a plaque at the Museum of Flight in East Fortune; a caf/restaurant of the same name on the site where the R34 was built at Inchinnan near Glasgow airport.
  There used to be a model of the R34 in one of the terminals at Heathrow but it is long gone.


  The R34 also carried an extraordinary aviator who had seen the R34 through from its inception to its moment of triumph in the USA. He was Brigadier-General Edward Maitland Maitland, veteran of
  the Boer War and World War I and a man of many accomplishments. He was one of Britains first aeroplane pilots, a world-class balloonist, an experimental parachutist and a zealot in the cause
  of lighter-than-air flight. Maitland was an Edwardian man of action with a taste for high-bred ladies, fanciful fiction and transcendental poetry, and a passionate supporter of airships. Hes
  been described (aptly, I think) as T.E. Lawrence with his head in the clouds.


  To me, the R34 itself seems to represent something strange: a huge flying machine that stretches backwards to the days of ballooning yet forwards into the future of long-distance,
  transcontinental flight. The principles that held the R34 aloft had been familiar since the end of the eighteenth century, but the R34s latticed structure of lightweight aluminium alloy
  reaches into the twenty-first century. On her journey across the Atlantic the R34 kept in touch with London via a network of recently built radio stations but steered her course by magnetic
  compasses and naval sextants that would have been familiar to Captain James Cook.


  The R34 wasnt much faster than the ocean-going liners battering across the Atlantic thousands of feet below, but her five aero engines represented the technology that would eventually
  make the passenger-carrying luxury liner obsolete. The men aboard the R34 were seeing mid-Atlantic cloudscapes that no one had seen before but relying for explanations on Luke
  Howard, an early nineteenth-century Quaker whose work was admired by Goethe.


  It was also walked out of its shed near Glasgow when the world was about to change. The R34 first saw the light of day on 20 December 1918, a few weeks after the war had ground to
  halt but half a year before the Germans signed the Treaty of Versailles. In those crucial six months no one was sure whether the Germans would accept defeat. Not long before the treaty was signed
  the R34 was ordered to patrol the German coast of the North Sea and the Baltic in a display of British air power (although everyone who ordered the mission knew it would only take one incendiary
  bullet to reduce the R34 to burning ruin).


  The R34 was also caught up in the rivalry between the USA and the UK, the only two serious contenders in the race to be first across the Atlantic. The nominal prize was the 10,000 on
  offer from the London-based Daily Mail but the real prize was the kudos and prestige that would attend the winning entry. One American venture involved three flying boats, each with a crew
  of six, and more than 20 warships strung out in a line across the Atlantic. It was an operation that cost far more than could ever have been recovered from the Daily Mail.


  It has long seemed to me that, in a strange way, the R34 and the airships that followed were spiritual ancestors of the Anglo-French Concorde. Both were apparently advanced,
  world-changing technologies that lasted for a few decades (two in the case of the airships) until their problems and costs rendered them obsolete. Both were brought shudderingly to a halt by
  disasters: a crash in Paris in 2000 in the case of Concorde; an explosion in New Jersey in 1937 in the case of the airship. But both Concorde and the airship have large bands of admirers who would
  dearly love to see them return to the sky.


  The story of the R34 reaches into many corners of the early twentieth-century world: Great Power politics and the Peace Conference in Paris; the humiliation of the German
  aviation industry; the creation of new materials and new instrumentation; the internal politics of the British defence bureaucracies; the slow, gradual understanding of the Atlantic weather
  systems. And, of course, the beginnings of the transatlantic aviation that so many of us now take for granted. What we regard as pond-hopping the aviators of 1919 saw as a seriously
  grim challenge.


  Theres also something Edwardian, perhaps even Victorian, about the saga of the R34. Many of the men involved in the R34 project, on the ship or in the ministries, were veterans of the
  Boer War or some other military venture by imperial Britain. Some had been wounded while confronting outraged Dutch farmers in Natal or hostile natives in the Gambia. Almost all had
  experienced the horrors of World War I, some of them in the mud and blood of the trenches, others in aeroplanes above the trenches or in airships loitering over the Atlantic. A few led
  extraordinary lives that are worthy of serious biographies.


  And then there is the airship itself, an elaborate and truly marvellous creation. Ive only ever seen photographs and drawings of the interior of the R34 but I couldnt help being
  struck by the resemblance to one of the great cathedrals. The way in which the lattice of aluminium girders soars upwards nearly 100 feet (the ceiling height of many cathedrals) reminded me of the
  vaults and traceries of a great church. Im certainly not the first to make the comparison. In his 1978 book Airship Wreck, the British author Len Deighton wrote:


  
    
      For me the airship has a magic that the aeroplane cannot replace. The size is awesome, the shape Gothic; a pointed arch twirled into a tracery of aluminium. And the reality
      is not disappointing. No one present ever forgot the day a concert pianist sat down and gave his fellow passengers a recital while the airship moved through the cloudy skies of the Atlantic . . . the airship remains one of the greatest triumphs of structural engineering the world has ever seen . . . It was almost impossible to make a rigid airship that was
      light enough to lift into the sky yet strong enough to endure the forces of nature it would encounter there.

    

  


  But it happened. It was made.


  In many ways rigid airships were paradoxical. They were a new technology  controlled from gondolas that looked like something out of a novel by Jules Verne, complete with
  voice tubes, dials for ringing down to the engine rooms and a helmsman at the ships steering wheel. Its not hard to imagine Captain Nemo in the R34s control car,
  standing over the chart table plotting a route through the clouds instead of under the sea and signalling down to the engine cars to give him full ahead. Its hard to look at
  the drawings of the R34s control car without smiling.


  And, coming from a seagoing family, I found myself intrigued by the maritime language used by the aeronauts of 1919. An airship had no fuselage, but a hull. The living quarters and
  the petrol were stored along the keel. The front was the bow and the rear was the stern. Right was starboard and left was port.
  Steering was done by a wheel. The men who worked high up in the girders tending to the ships gas bags and outer cover were known as riggers, the men in the rigging.


  But flying an airship all the way across the Atlantic in the year 1919 was nothing to smile about. No one knew if it could be done. Seagoing vessels had been doing it for centuries, of course,
  but they usually had a horizon from which to take a sextant bearing to fix their position while airships often found themselves totally enveloped by cloud, with crude altimeters that were
  notoriously inaccurate. Aerial navigation was in its infancy. During the war one seasoned Zeppelin skipper who set out to bomb Edinburgh found himself being forced down in Norway.


  Also, ocean-going ships floated on top of the fluid on which they moved, not completely immersed in it like an airship which was subject to downdraughts and updraughts as
  well as headwinds, following winds and crosswinds. No one knew what perils lurked in the upper air above the Atlantic. No one had the means to study the high atmosphere for the direction or speed
  of the winds. No one knew how they might be influenced by the currents or temperature of the oceans. The best the officers of the R34 could do was watch the clouds around them and listen to the
  weather information coming in on the radio from ships down below.


  From the R34s crew of 30 (31 in the event) the transatlantic flight required faith in the technology, patience, a high degree of skill and a talent for improvisation. Plus an ability to
  rough it on minimal rations in a chilly interior that reeked of petrol and vibrated ceaselessly to five unsynchronised aero engines. They had to try to snatch some sleep between four-hour watches
  in narrow hammocks that were swaying between the girders. All this had to be suffered for days on end without even the comfort of a cigarette (most were smokers). And with the ever-present prospect
  that they might have to ditch in the Atlantic and hope (rather than expect) to be rescued by one of their two attendant warships.


  There are, alas, no survivors of the R34s epic flight of July 1919. Some of them were later killed in other airships and the others died many years ago. But there is a large store of
  information about the epic flight. Some of it is in the log-cum-diary kept by General Edward Maitland, which was later published (with a foreword by Rudyard Kipling). Other material comes from the
  flight reports of the airships officers, crew diaries, press interviews and information buried in the National Archives in Kew, the records of the RAF Museum at Hendon, the Royal
  Aeronautical Society in London and the Museum of Flight at East Fortune.


  And the R34s brief sojourn in New York was heavily documented by the US press, in particular the New York Times and the Brooklyn Eagle. Both newspapers
  saw the first-ever aircraft to fly into the USA from abroad as a huge event (and used it to chide their own government for tardiness). Also available are photographs taken on the voyage,
  manufacturers material and working drawings and photographs of the airship sheds from the archive of the Royal Commission on Ancient and Historical Monuments of Scotland (RCAHMS) in
  Edinburgh.


  Taken together, these diverse sources paint a vivid picture of one of the great feats of early aviation and one of which Britain, and Scotland in particular, should be proud. It certainly
  deserves to be better known than it is. The great Clyde-built airship made its crossing of the Atlantic and back with the red-on-gold Lion Rampant of the King of Scots painted on its bow and above
  it the motto: Pro Patria Volans  flying for my country.


  


  1


  Building the R34


  The R34 might never have been built if Second Lieutenant Alfred Brandons machine guns had worked properly in the early hours of Sunday, 24 September 1916. Brandon, a New
  Zealander, was one of the Royal Flying Corps handiest pilots. He was attached to No. 39 (Home Defence) squadron operating out of the airfield at Hainault Farm a few miles from Romford in
  Essex and had won the Military Cross for a daring attack on Zeppelin L13 earlier in the year. That September evening Brandons squadron was scrambled to intercept a flight of German Zeppelins
  that had been bombing around the east end of London. Four of the enemy raiders  L30, L31, L32, L33  were from the new breed of Super-Zeppelins for which the German navy
  had high hopes.


  But it was to be a bad night for the German navy. By 1916 the British air defences were in good shape, with a reasonably efficient network of fighter bases, barrage balloons, searchlights and
  anti-aircraft artillery that was strung from Edinburgh down to the Channel coast and a cluster around London. It was ready and waiting for the fleet of Zeppelins as they came in across the North
  Sea. The first to go was L32 which was jumped at 13,000 feet by an RFC pilot called Fred Sowrey who, as he wrote in his report of the engagement, poured in three drums of Brock and Pomeroy,
  resulting in the start of another explosion.


  Brock and Pomeroy were the names of explosive ammunition rounds called after their inventors. They were part of a lethal mix of ordnance that British interceptors
  used against German airships. The others were magnesium tracers called Sparklets and flat-nosed phosphorus rounds known as Buckingham. All of them could light up an
  airships hydrogen-filled gas bags and turn the ship into a mass of flame that killed everyone aboard. The Brock was particularly effective, as it was sensitive enough to
  explode on contact with fabric. But they were all lethal, and by 1916 the casualty rate among Zeppelin crews was atrocious. It was the reason why the German army preferred to have little or nothing
  to do with Zeppelins.


  But when Alfred Brandon made his run against Zeppelin L33 just after midnight and raked its hull with his Lewis gun, for some reason the hydrogen in the airships bags failed to ignite.
  The Zeppelin seemed to be defying the laws of physics and chemistry. Time after time Brandon ran at the L33, shredding its outer cover and gas bags with explosive rounds and ripping chunks off the
  airships engine cars and control car, but the Zeppelin resolutely refused to explode.


  The Brock ammunition seemed to be bursting all along it, Brandon reported later, but the Zepp did not catch fire. I was using Brock, Pomeroy and Sparklets. I turned again
  and put on a fresh drum and came up from behind and fired again. The gun jammed after about nine rounds. Brandons attack lasted 30 minutes and all that time the German crew resisted
  firing back. They knew that with hydrogen leaking all around them one spark from their own machine guns could do Brandons job for him.


  With his Lewis gun finally out of action Brandon broke off the attack and returned to his base, leaving the 22-strong crew of the L33 struggling to keep their ship in the air. The L33 was losing
  hydrogen and height fast. The crew shed anything they could find  ammunition boxes, a machine gun, shell casings, boots, water canisters, books, anything  in a desperate attempt to
  gain enough height to make it to the North Sea. Once there they could ditch the airship, send out a distress call and, with a bit of luck, be picked up by a German patrol boat.


  But there was no luck to be had that night. The trail of equipment they left across the Essex countryside failed to do the trick. Brandons mauling had taken its toll. The L33 had lost too
  much hydrogen to stay in the air. The stricken Zeppelin sank to the ground near the Essex village of Little Wigborough where, thanks to skilful airmanship by the skipper,
  Kapitnleutnant Alois Bocker, the crew emerged from the crash landing unharmed. They came down on Copt Hall Lane at half past midnight on Sunday, 24 September.


  There then followed one of those odd sequences of events that seemed to occur in World War I. Bocker knocked on the door of the nearest cottage, politely warned the inhabitants that he was about
  to set fire to the crashed airship and advised them to vacate the premises. Then he collected all the ships papers and code books, tossed them into the control car, fired a signal flare into
  the interior and watched the L33 go up in a blaze of hydrogen. But by then the ship had lost so much gas and fuel that the blaze was not nearly enough to reduce the airship to cinders. Most of the
  ships structure and at least one of the engines remained intact.


  Having done his best, Bocker then knocked on the door of another cottage and asked 14-year-old George Rout the way to Colchester. The startled boy told him, at which the Germans marched off, in
  good military order. At the nearby village of Peldon they ran into the local bobby  one Special Constable Edgar Nicholas  who arrested them. Nicholas took his 22 prisoners to the
  local post office, where they were joined by PC Charles Smith, who telephoned the army at Mersea. Eventually the military came and took the Germans away for interrogation in London. The other ranks
  ended in a prisoner-of-war camp at Stobo in the Scottish Borders and the officers in more comfortable quarters at Donington Hall near Leeds.


  The descent of the ruined Zeppelin was a big event in the history of Little Wigborough. Small parts of the L33 are now built into the tower of the fifteenth-century church of St Nicholas, and an
  account of the event hangs in the church in a frame made from some of the L33s aluminium. For his part rounding up the Germans, local bobby Charles Smith was made a sergeant and known
  thereafter as Zeppie. And after Mrs Clark of Little Wigborough delivered a daughter the night the L33 descended on the village the child was christened
  Zeppelina.


  The L33 was far from intact, but there was more than enough left of her to be of great interest to the British. The L33 was a genuine prize. She was the first Super Zeppelin to be
  downed on British land. Designed by Ludwig Drr and built at the Luftschiffbau Zeppelin works at Friedrichshafen on the Bodensee (Lake Constantine), the L33 was only three weeks old, having
  first flown on Wednesday, 30 August 1916. More than 640 feet long and powered by six 240-horsepower, six-cylinder Maybach engines, the L33 was one of the latest and most powerful ships in the
  German navys Zeppelin fleet.


  The British acted quickly to stop the ship being pillaged by souvenir hunters. The area around the wreckage was secured and put under armed guard, and no one was allowed near it without a pass
  from the military (something that irritated local farmers and carters no end). Colonel Edward Maitland, the commander of the airship base at Pulham in Norfolk was put in charge of the wreckage,
  while a string of military brass and VIP visitors came down from London to see what had fallen into Britains lap.


  One of the visitors was Prime Minister Lloyd George, who was given a tour of the crashed Zeppelin and an explanation of its technical importance. Impressed, Lloyd George returned to Downing
  Street and instructed Brigadier-General Hugh Trenchard, then responsible for Britains air forces, that the country needed its own version of the L33. Trenchard agreed, consulted the
  Admiralty (who were responsible for airships), and the machinery was set in motion to create Britains own Super Zeppelin.


  The job of extracting what the ruins of the L33 had to offer was given to the Royal Corps of Naval Constructors (RCNC), whose airship group was run by a flinty Scotsman named Commander Charles
  Ivor Rae Campbell RN. Campbells passion for airships was once described as almost a faith. A brilliant engineer, and originally a designer of submarines,
  Campbell switched to airships early in his career and worked on Britains very first dirigible (imaginatively entitled Airship No. 1). Campbell and his team were based at 10 Smith Square in
  Westminster, from where he oversaw the design and construction of every one of Britains wartime airships


  The business of making sense of the wreckage of the L33, however, was given to three of the RCNCs assistant constructors, A.P. Cole, F. Sutcliffe and H. May, all lieutenant
  commanders. The group were despatched to Little Wigborough with orders to stay there until they understood every detail of the structure and workings of the L33. They headed a little squad of
  draughtsmen and engineers who were to crawl over every inch of the wreckage and re-create the L33 on paper.


  Many years later Cole told the aviation historian Geoffrey Chamberlain that Sutcliffe, May and I were immediately sent down to the wreck, and together with all the draughtsmen, were able
  to make detailed drawings of the structure and reconstruct the complete ship. It was a complicated business that took the group almost five months. The main problem confronting us was
  the correct tensioning of the bracing wires, Cole said. I ultimately solved this problem, for which I received the MBE. Coles gong was well-deserved. The bracing wires
  were what held the ship together.


  The design that Cole and his team teased out of the charred remains of the L33 was simple in principle but complex in detail. With triangular girders made from lightweight aluminium, the
  structure comprised a series of 25-sided polygonal, transverse girders, like giant hoops, that were held 24 feet apart by a system of longitudinal girders (13 main girders and 12
  intermediate). They were the cage of the airship and each of the panels they created was braced by diagonally-arranged steel wires of varying diameters.


  It was a beautifully efficient cats cradle of light metal and wire, flexible enough to accommodate 19 huge gas bags and strong enough to carry the load of a 50-foot long control car
  plus six engines and thousands of gallons of water, oil and petrol. In a paper published in Flight magazine a few years later, Cole claimed that This scheme of
  construction has been found to give the lightest ship and to be most readily adaptable to use in very large ships.


  By February 1917 the work of Cole and his colleagues was complete, and everything had been approved by Campbell. The designs and specifications were collected into a document numbered CB1265,
  stamped top secret and delivered to the Admiralty. The document confirmed what everyone by then knew  that German airship technology was a long way ahead of anything being
  produced in Britain or France. There were rumours that the Germans would soon have the long-distance capability to hit any part of Britain or Ireland, even the Home Fleet at Scapa Flow.


  But it took the Cabinet another nine months to act. That may have been due to opposition from Winston Churchill, who regarded big airships as a dangerous waste of money. But in November 1917,
  the Cabinet gave the Admiralty the go-ahead to produce three ships based on the design that Campbells RCNC team had teased out of the German L33. The orders were placed with Sir W.G.
  Armstrong Whitworth & Co. at Selby in Yorkshire (R33), William Beardmore & Co. at Inchinnan in Renfrewshire (R34) and Short Brothers at Cardington in Bedfordshire (R35). All three firms
  swung quickly into action.


  And none with more enthusiasm than Beardmores, then one of the most enterprising and diverse engineering firms in Britain. Beardmores was Clydeside heavy engineering at its
  innovative best. From their workshops and shipyards at Dalmuir on the north bank of the Clyde and the Parkhead Forge in the east end of Glasgow the company turned out warships, cargo vessels,
  ferries, aeroplanes, armour plate, motor vehicles, gun barrels, artillery shells, marine boilers, aero engines, tanks, tank engines, even tin helmets for the infantry. By 1916 the firm was
  employing around 15,000 men and women.


  The firm was run by the autocratic engineer-businessman William Beardmore, an offspring of the family who had bought into the Parkhead Forge in 1868 and had grown over the
  years to become an industrial power in Scotland. Its been said of William Beardmore that he couldnt see a product without wanting to manufacture it. His upbringing was unusual. Born
  in London but educated at Glasgow and Ayr academies, young Beardmore began his working life as an apprentice in the heat and clamour of the Parkhead Forge.


  Ambitious, shrewd and well-connected, in just over a decade Beardmore had built a huge engineering and shipbuilding conglomerate (stretching from Clydebank to London via Dumfries and Manchester)
  which, by 1900, was operating one of the most efficient naval shipyards in Britain. The shipyard produced, among many others, His Majestys Ships Conqueror, Benbow,
  Ramillies and Argus, the worlds first purpose-built aircraft carrier.


  By 1917 the firm also had experience of building airships, having already completed the R24 and the R27. To build the dirigibles, Beardmores had acquired (with the help of the Defence of
  the Realm regulations) a 600-acre site at Inchinnan on the south side of the River Clyde, near the point where the Clyde meets the Black Cart. And to accommodate their key personnel
  Beardmores built an estate of sixty comfortable two-storey houses (paid for by the Admiralty) and bussed the rest of the workforce in from Renfrew and Glasgow.


  And to house the airships, in 1916 Beardmores commissioned the engineering consultancy of Sir William Arrol & Co (the designers of the Forth Railway Bridge and Tower Bridge in London)
  to construct a huge airship shed at Inchinnan. The working drawings, now in the archives of RCAHMS, show an enormous steel-framed structure 720 feet long, 270 feet wide and 122 feet high.


  The legs of the shed were bolted onto pairs of reinforced concrete foundations that were buried deep in the boulder clay. The buildings steel columns, or at least the ones that lined the
  erection bay, were lined with padded canvas to prevent them damaging the outer covers of the airships. The whole structure was clad in steel plate and lined with blast
  flaps and panic doors to cope with the effects of a possible explosion of hydrogen. Windows were fitted with tinted glass and a system of air-raid blackout blinds operated by a
  central control.


  At each end of the shed were massive sliding doors, the leaves of which parted to create an opening of 152 feet. The great doors were counterbalanced with concrete to prevent them blowing over
  as they slid open. According to calculations on the working drawings it took about 13 minutes to shift a single door leaf 76 feet.


  Running at right angles to the doors at either end of the shed were two windscreens, each 650 feet long and 60 feet high, designed to shelter airships entering or exiting the shed. The Admiralty
  had learned from bitter experience that it didnt take much of a crosswind to damage an airship by banging it against its shed. Work began on the vast structure at the beginning of January
  1916 and was completed by the end of September  nine months to build what, almost a hundred years later, looks like a marvel of civil engineering.


  On the other side of the Glasgow to Greenock road the company built a cluster of low buildings as quarters for Royal Naval Air Service personnel. And strung out along the few hundred yards that
  separated the naval quarters from the airship shed were all the ancillary buildings: paint store, petrol stores, paraffin store, frame shop, girder shop, fabric shop, boiler house, hydrogen
  generator, power station, garage and a canteen for the workforce. By the time the order for the R34 came down from the Admiralty the Beardmore airship division had the workforce, the equipment and
  the experience to build the giant dirigible.


  Three crucial elements were needed to keep a rigid airship flying. One was hydrogen, the explosive but lighter-than-air gas with which the ships gas bags were filled.
  The second was a strange material known as goldbeaters skins with which the gas bags were lined and which was the only thing known to be virtually (but not
  quite) impervious to hydrogen. The third was the hard, light aluminium alloy known as duraluminium from which the airships skeleton was crafted. Almost all the rigid airships
  built before and during World War I owed their existence to these three materials. The exceptions were the laminated timber airships built by the German company Schtte-Lanz.


  Just who realised that hydrogen was something special is unknown, but the laurels probably belong to that sixteenth-century Swiss-German genius known as Paracelsus. In his day, Paracelsus was
  regarded as a warlock, which was probably why he was beaten to death in Salzburg in 1541 and why it was later believed that his half-decayed corpse stalked the countryside of central Europe. The
  legend of Paracelsus is eerily similar to the fable of Victor Frankensteins monster dreamed up by Mary Shelley during a wet weekend in a villa near Geneva.


  Hydrogen was rediscovered by Robert Boyle in 1671, identified as inflammable air by Henry Cavendish in 1766 and named hydro-gen (Greek  creator of water) by
  Antoine Lavoisier, the brilliant French chemist and all-round genius who was guillotined in May 1794 for being one of Louis XVIs tax collectors. Theres a story (probably apocryphal)
  that the judge at Lavoisiers trial told him that The Republic has no need of scientists.


  It was Lavoisiers countryman Jacques Charles who first got a hydrogen-filled balloon into the air in December 1783, although the idea had already occurred to the Scots chemist Joseph
  Black. In 1766, while ruminating on the possible uses of Cavendishs inflammable air, Black suggested that if the vapour were used to inflate a sufficiently light
  bladder then that bladder would necessarily form a mass lighter than the bulk of the atmosphere and would rise in it.


  What makes hydrogen special, of course, is its extraordinary lightness. It is, in fact, the lightest element in the known universe. Where 1,000 cubic feet of air weighs
  around 75 pounds, the same quantity of hydrogen weighs 5 pounds. Which means that 1,000 cubic feet of hydrogen has a gross lift of 70 pounds, i.e. the weight of the air minus the
  weight of the hydrogen. It is also the simplest element known to exist, consisting of one proton and one electron, makes up 90 per cent of the known universe and produces the energy that drives our
  sun.


  For many years hydrogen was thought to be irreducible. The British chemist and physicist John Dalton (the Quaker genius who developed the atomic theory of matter) wrote in 1808 that We
  might as well attempt to introduce a new planet into the solar system, or to annihilate one already in existence, as to create or destroy a particle of hydrogen. More than 100 years later
  the American physicist Victor Weisskopf remarked To understand hydrogen is to understand all of physics.


  Most of the hydrogen gas used in British airships was conjured up by the Lane Hydrogen Producer. The name of the Birmingham engineer Howard Lane is not as well-known as it should
  be, but without the Lane process and its ability to turn out huge quantities of (relatively) low-cost hydrogen its hard to see how airships as big as the R34 could have taken
  to the air. There were other ways of making hydrogen, but they were either a lot more expensive (e.g. electrolysis) or produced impure hydrogen (sulphuric acid on zinc).


  But creating hydrogen by the Lane process required a formidable array of equipment: retort-furnace, washers, purifiers, fan, steam engine, condenser, gas holders etc. As Lane himself admitted in
  the magazine Flight, The initial cost of the plant is fairly high, although the gas produced is cheap. On account of the massive nature of the apparatus it is desirable that the
  installation should be established in a permanent position, suitable for its local use . . . All the airship stations in Britain had their own hydrogen-producing stations manned by specially
  trained staff.


  The Lane system was simple in essence and complex in practice. It devoured huge amounts of water (hydrogen dioxide) and fuel (usually coal or coke). Large quantities of
  deoxidised iron were heated to enormous temperatures and once the iron was white-hot, steam was pumped across it. The process broke the steam down into its component parts, i.e. hydrogen and
  oxygen. The hydrogen was then drawn off and stored while the iron was deoxidised again, and reused again and again.


  The process was never perfect, and the machinery was both difficult to maintain and had a tendency to break down. But it did produce hydrogen that was usually 95 per cent pure and cost (at 1909
  prices) around 5 shillings (25 pence) per 1,000 cubic feet. Even before World War I, Lane hydrogen producers were in operation across Europe and were creating hydrogen gas at rates that varied from
  500 cubic feet to 10,000 cubic feet an hour.


  But hydrogen gas is a very difficult vapour to contain. As mentioned above, the only material known at the time that did the job was known as goldbeaters skins. As the name
  suggests, these skins were a device used by goldsmiths to separate fragile leaves of beaten gold. They were the inner membranes of the caecum, or blind gut, of the large intestine of the ox. Most
  of the UKs supply came from the abattoirs of Australia and South America but under wartime regulations every killing house in Britain was obliged to supply them to the countrys
  airship builders. German abattoir owners and butchers worked under similar rules. More than 600,000 goldbeaters skins were required to line the R34s 19 gas bags, at a cost of around
  40,000 (nearly 1.5 million in modern terms, according to the retail price index).


  Slaughtered oxen were carefully disembowelled and the lining of the gut separated out by hand. It was normally in the shape of a cylindrical bag between 3 feet and 18 inches long and 6 inches in
  diameter. It was then cleaned, covered with fine salt, rolled up and packed in barrels, often 3,000 to 5,000 per barrel, for transport to a processor who passed it through baths of potash or soda to remove any grease. The skins were then stretched on boards to be dried, each forming a rectangular sheet of (roughly) 3 feet by 18 inches and less than half
  a millimetre thick.


  For years gas bags had to be lined with two or more layers of goldbeaters skins to guarantee the hydrogen wouldnt seep out. That continued until one Alfred Ryan of Vickers came up
  with the idea of rubberising the gas bag fabric, coating the interior with one layer of skins, and then varnishing them with a special linseed oil. It worked a treat, and after
  the war Vickers claimed that Ryans technique had saved the government almost a 1 million by reducing the consumption of goldbeaters skins by airships.


  This strange commodity has a fascinating history. In 1881, one Walter Powell, the Tory MP for Malmesbury in Wiltshire, came across a family from Alsace called Weinling living in the East End of
  London, who processed goldbeaters skins for the jewellery trade. Powell, who was a keen balloonist and had heard about the skins imperviousness to hydrogen, introduced the Weinlings
  to Captain James Templer, who ran the armys balloon factory at Chatham. Thanks to Templer, the Weinlings and their process were eventually hired by the British government for the strategic
  purpose of lining the gas bags of military balloons.


  At one point during World War I the skins became a political issue when an MP claimed that the trade was in the hands of a ring composed of Germans, American-Germans and Jews of German
  extraction and that before and at the beginning of the war this ring exported the skins to Germany, receiving in return manufactured goods. He was assured by the president
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