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      For all who knew the aircraft and lived the events I have written about, but especially my father, Joseph Isby, who flew with
         the Eighth Air Force; my mother, Peggy Carpenter Isby, who worked at Vickers; my grandfather, George ‘Jack’ Carpenter, who
         trained the RAF; my grandmother, Rachel ‘Ray’ Carpenter, who did voluntary work, waited to buy rationed food, and sewed clothing
         during the Blitz; my aunt and uncle, Lily and Charles Lane, who were aircraft construction foremen at Vickers; and, finally,
         my cousin, Flying Officer Richard Whitby, Royal Canadian Air Force, who did not have the chance to grow old.

      
      David Carpenter Isby
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      Introduction

      
      Over London, 15 September 1940

      
      She could no longer hear the noise of the anti-aircraft guns, the deep, repeated booming. At her office building, working
         on a Sunday afternoon, 15 September 1940, Peggy Carpenter had heard the air-raid sirens sound for the first attack that morning.
         She had heard nearby anti-aircraft guns in action against the German bombers attacking London at noontime, when she had sheltered
         in the office building’s basement. Now, the guns fell silent. Though she had not heard the ‘All Clear’ sirens, she thought
         that the raid had passed. She went downstairs from her office and stepped outside to see what had happened.
      

      
      She was thrust into a climactic moment in history, walking out of a familiar office with its teacups, typewriters and filing
         cabinets and into a day, like that of the battles of Marathon or Tours, when the future of western civilisation was shaped.
         The familiar cloudy late summer afternoon sky over London was that day a historic battleground. Looking up from the pavement,
         she saw, through a gap in the clouds, a mass formation of big, twin-engine German Heinkel He 111 bombers flying 12,000 feet
         overhead, their silhouettes unmistakable.
      

      
      One aeroplane of the mass formation was pursued by a smaller plane. A single Royal Air Force (RAF) fighter. A lone Spitfire.

      
      She watched as the one tiny Spitfire noiselessly – too high for her to hear the engines – flew closer, coming up on the formation of Heinkels from behind. Closer.
      

      
      One Heinkel belched smoke and flame and started going down.

The Spitfire’s pilot pulled up from his attack and threw his craft
         into a spontaneous victory roll, spinning 360 degrees around its line of flight for about two seconds. A noiseless shout of
         triumph, a gesture for the benefit of the embattled men fighting for their lives in the remaining bombers: you are next, you
         will be going down too.
      

      
      Peggy’s eyes were still fixed on the drama above, on the victorious rolling Spitfire and the burning Heinkel that would not
         be bombing its target in central London that day or any other day, when, from out of her field of vision, another spectator
         to history yelled loudly,
      

      
      ‘Take cover, miss!’

      
      She did not look for the source of the warning. She retreated inside the doorway to her office building a second before all
         the bullets fired by the attacking Spitfire and the Heinkel formation’s gunners that had missed their targets splashed down
         on the street outside, a terrible rain, instantaneous and lethal. She decided to stay inside her office building, under cover,
         until the ‘All Clear’ sirens sounded.
      

      
      The 16-year-old typist, who would have been at school had her school not been evacuated from London, had had a brush with
         history. But even for her, the battle over London represented the culmination of events of which she had already been a part.
      

      
      She had seen a Spitfire for the first time not that afternoon but back in 1936, when war had seemed far away. The prototype,
         streamlined in powder-blue paint, had appeared at the annual Hendon air display. It stood out from the biplanes whose flying
         thrilled the crowds that day. It represented the future, not yet filled with foreboding. She had attended with her parents
         and sister, all dressed up for the day out.
      

      
      Then, last year, in the summer of 1939, on what everyone knew would be the last school break and the last family holiday before
         the outbreak of another, more terrible war, she had sipped her lemonade, sitting next to her father on a bench in the garden
         of a pub outside the gate of RAF Eastchurch, on the Isle of Sheppey in Kent. George ‘Jack’ Carpenter, a Royal Artillery and
         Royal Flying Corps veteran of the Great War, was back as an RAF armament instructor thanks to his Edwardian sense of duty, his comprehensive knowledge of machine guns, and a Masonic handshake in the right office in the Air
         Ministry. But what had impressed her most were all the handsome 20-year-olds in their RAF service blue uniforms and issue
         neckties, crowding around, who obviously thought the world of her poor old dad.1

      
      ‘Let me buy you a beer, Chiefy.’2

His trainees learned how to service the guns of Spitfires. One of them may well have loaded the raining bullets that she
         had just dodged on a London street. But her father, his trainees and their neckties had also been part of the story that put
         the Spitfire into the air and had sent the Heinkel, burning, down rather than home in triumph that afternoon. It was a story
         about aircraft and technology, but also about people, not only brilliant aircraft designers, far-sighted air marshals and
         brave fighter pilots, but teenage typists and their middle-aged fathers.
      

      
      All wars must have at least two sides. That afternoon, the parallel story was not apparent from that London street. Peggy
         Carpenter had seen on other days, briefly, German Messerschmitt Bf 109 fighters over London. She knew their silhouette – she
         had memorised aircraft recognition books – appearing like a shark’s fin off a bathing beach, alien and deadly, before vanishing.
         The Bf 109s had appeared over London as the culmination of another, parallel story, with a separate but in many ways similar
         set of characters.
      

      
      The Bf 109 had enabled Germany to come close – closer than anyone outside a few in government then knew – to defeating Britain
         in the summer of 1940. The Spitfire had prevented it. Spitfires had defeated the German attempt to destroy the British Army
         as it evacuated from Dunkirk and, later, the attempt to conquer Britain by air attack, potentially enabling a cross-Channel
         invasion.3 The Spitfire, making its victory roll in the skies over London as the Heinkel burned, was a symbol, but it was also a capstone,
         the highest and most apparent element of a complex set of relationships of people, organisations and ideas that stretched
         around the world and back through the decades.
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      The Race to Design the Modern Fighter

      
      To October 1936

      
      Before the Spitfire and Bf 109 were legends, before they were aeroplanes, and before those aeroplanes could develop their
         own personalities and become as much characters in their own story as any machine can become, they were the visions of single
         individuals that were eventually pushed and pulled, from designs on drawing boards, into reality. The transition from personal
         idea to aeroplane was made by relatively small teams of people, operating at what was then the limit of technology. The pull
         came from organisations that needed planes because of other changes. Germany became a Nazi dictatorship. Europe went from
         a post-war to a pre-war era. Aeroplanes were not the only thing that started as a vision, dream or, more often, nightmare
         that became a reality.
      

      
      Willy Messerschmitt

      
      They rode on the wind, soaring above the trees, fields and green hills of the German countryside. Gliders were his first love;
         delicate white birds of wood and linen, with long wings. A skilful pilot could seek out moving air, then fly high, above any
         eagle, and alight on the wooden skid under the glider’s belly on a patch of level grass. Then do it all again.
      

      
      In the summer of 1914, Wilhelm Emil ‘Willy’ Messerschmitt was obsessed with gliders. A 16-year-old student who had been building
         model gliders since he was ten, he was spending the summer as an assistant to Friedrich Harth, Germany’s foremost glider designer
         and pilot. Willy helped maintain the gliders and get them into position on a grassy hilltop for each flight. He would fly
         them or, with Harth at the controls, he would attach a tow line to the glider and run downhill with it as fast as he could,
         dragging Harth’s craft into the air.
      

      
      Once airborne, the glider’s flight was smooth and gentle. Going forward just fast enough to keep the air moving over the wings
         to create lift, avoiding a stall, it turned to seek rising air currents as an eagle would look for a pigeon. Catching a breath
         of warm air, the long thin wings climbed over the green valley.
      

      
      At the end of each flight, Willy, bicycling furiously, would be first on the scene wherever Harth had landed, discussing how
         the flight had gone and what would be needed to make the next one better, longer or higher. Willy would disassemble the glider.
         The first step was unfastening the wings, always a struggle. When he designed his own gliders, they would have easily detachable
         wings. Finally, he would help load the glider into a horse-drawn wagon and haul it away for the next flight from the top of
         the Ludwager Kulm, a hill near Willy’s home town of Bamberg, Bavaria, or back to its shed to await tomorrow’s flying.
      

      
      Until everything went to hell that summer. A crisis in the Balkans became a European war. The gliding stopped. Harth joined
         Imperial Germany’s small band of military aviators. He gave Willy the plans for his next glider design for safekeeping. The
         war would surely be over before Christmas.
      

      
      It was not. The European war metastasised into the Great War. Harth, finally back to Germany on leave, stopped in to visit
         Willy. He had not only kept the plans safe, he had gone ahead and built the glider. Willy used French prisoners of war, supposedly
         working for his family’s wine business, to help him. Examining the glider, Harth saw that the teenager had indeed improved
         his design.
      

      
      Gliders had no value in the war that had swept away the summer afternoon flights. Harth worked to develop German Army aeroplanes.
         He made sure that when Willy reached eighteen and was called up, he was transferred from trench mortars to the Air Service.
         Willy was trained to fly planes at Schleissheim in Bavaria, then, with Germany running out of aviation fuel, before he could be awarded his pilot’s badge, he was sent to use his talents working on new designs.
      

      
      In the four years of the Great War, aircraft technology advanced further than it would have done in a generation of peacetime
         development. German aviation technology was threatened when the Treaty of Versailles in 1919 banned Germany from developing
         or operating military aircraft. The German aircraft industry – what was left of it after demobilisation and the post-war economic
         collapse – took the wartime advances and applied them to civil aviation. The General Staff kept Germany’s military aviation
         capability alive clandestinely. Research and development was shifted to German-controlled firms in other countries. Pilot
         training and aircraft testing were carried out in cooperation with the Soviet Union, where a secret training school was set
         up at Lipetsk. The rosters of post-war German cavalry regiments included pilots and technicians who never sat on a horse.
         Others found jobs in civil aviation. In the 1920s, German aviation managed to stay alive (the aircraft engine industry was
         closed down by the Treaty of Versailles) but could build only a few aircraft, so each one had to represent an aeronautical
         advance.
      

      
      Possessed of brilliant intelligence and a formidable work ethic, Willy Messerschmitt was part of all of this. Leaving the
         army in 1919, he completed an engineering degree in Munich. He persuaded the university to accept the plans of his latest
         glider design, the S 14, in place of a thesis. ‘You can’t design a good plane unless you know how to build a glider,’ Messerschmitt
         recalled, years later.1

      
      Messerschmitt set up a partnership with Harth to design and build aircraft. Messerschmitt’s glider designs minimised drag
         and weight and stressed cheapness and ease of construction. On 13 September 1921, Harth set a world duration record with a
         flight of 21 minutes 30 seconds in the S 8 glider he and Messerschmitt had designed. However, the two split over differences
         in aircraft design; Harth thought Messerschmitt’s structures were too light.
      

      
      In 1925, Messerschmitt established his own company, Messerschmitt AG. This merged, in 1927, into Bayerische Flugzeugwerke
         (Bfw), with Messerschmitt as chief designer.2 The merger was an obvious one; Bfw had been building Messerschmitt’s light aircraft and glider designs under licence. Bfw received a subsidy from the regional government to bring employment to its factory near Augsburg in Bavaria.
         Messerschmitt would merge his company into Bfw, keep the subsidy but retain control, which required him to borrow money from
         wealthy relatives of his girlfriend, Baroness Lilly von Michel-Raulino Stromeyer, a divorcée eight years his senior (her family’s
         business imported tobacco). She kept the shares in her own name and played a hands-on role in management at Bfw, recruiting
         her ex-husband for a term on the board of directors. Messerschmitt bought out Bfw using funds secretly provided by the General
         Staff, intended to keep the German aircraft industry going. The German Defence Ministry in Berlin then purchased 62.5 per
         cent of the stock in the ‘new’ Bfw. While he had succeeded in getting funds from both the German military and the Bavarian
         government, Messerschmitt was unimpressed with their officials: men of the previous century who did not understand when he
         told them what he could do if only he had the resources and no Versailles treaty restrictions.
      

      
      Messerschmitt’s negotiation of the merger agreement brought him into contact with Ernst Udet, Germany’s highest-scoring surviving
         fighter ace from the Great War. Udet had set up his own aircraft manufacturing company after the war, soon merged into Bfw.
         Udet was a romantic bon vivant, happy to travel the world barnstorming in his Bfw-built Flamingo biplane. He liked Messerschmitt’s designs. The two
         soon became friends.
      

      
      Messerschmitt designed and built light aircraft, but it was airliners that paid the bills, starting with the M 18 of 1925.
         Messerschmitt and his design team could make each airliner design a little bigger, carrying more mail (their primary function)
         and passengers faster and farther. He patented a single-spar (the main structural member that supports the wing) design. He
         started using metal in place of wood and fabric in his designs. Germany’s Luft Hansa airline wanted all-metal airliners such
         as the Junkers W 33, built by Messerschmitt’s old friend Dr Hugo Junkers at his factory in Dessau.
      

      
      Luft Hansa ordered a dozen of Messerschmitt’s single-engine high-wing monoplane M 20 and M 20B airliners – a huge purchase
         by the European standards of the time. The M 20 applied Messerschmitt’s philosophy of lightweight, technology-stretching design to airliners. It featured a cantilever wing, without the external
         struts for support that most aircraft then used, and a powerful 500 horsepower (hp) engine.
      

      
      In 1928, the first M 20 crashed. A Bfw-built prototype biplane twin-engine night fighter, the M 22, crashed while on a test
         flight over Augsburg in 1930. Improved M 20B airliners crashed in 1930 and 1931. An inquiry blamed Luft Hansa for having imposed
         an unworkable and unsafe specification on Messerschmitt. This enraged Erhard Milch, head of Luft Hansa. He had lost a close
         friend, test pilot Hans Hackmack, in the first crash. Now his airline was being blamed. Though neither an engineer nor a pilot
         – he had flown as an observer during the war – Milch was convinced that it was not his specification at fault, but rather
         that Messerschmitt had made the structure too light.
      

      
      This led to a confrontation in Milch’s office in the terminal building of Berlin’s Tempelhof Airport with Messerschmitt and
         Kurt Tank, his chief designer. Tank, a wartime infantry officer and, more recently, a designer of all-metal flying boats,
         explained to Milch that the design had indeed met all required structural standards imposed by the German civil aviation authority.3 Milch was unimpressed. However lacking the specification and the standards might have been, Messerschmitt had sold him aeroplanes
         that failed.
      

      
      Milch resolved to ruin Messerschmitt, making a start by cancelling Luft Hansa’s order for ten remaining M 20Bs and suing for
         a refund of payments. Milch had political connections that could allow him to carry out his threat: he was a secret member
         of the Nazi party. He made Luft Hansa airliners available for the rising Nazi leader, Adolf Hitler, whom he personally admired.
         The Nazi party was never billed. Milch’s actions had helped enable Hitler’s rise as a national figure, campaigning by airliner
         even when he was not yet well funded. Milch paid ‘consultancy’ fees to senior Nazi party members, including Hermann Göring,
         a Reichstag deputy and former Great War fighter pilot who had become Hitler’s right-hand man. Göring took his money, voted
         for continued subsidies to Luft Hansa, but resented that Milch thought that he could be bought.4

      
      The German Defence Ministry dumped its Bfw stock. Although the Baroness arranged further investments from her family, without
         Luft Hansa’s money Messerschmitt was bankrupt within a year. He sold his car in an effort to stay in business and keep his employees
         working. Kurt Tank was one of many employees who left. Dr Ernst Heinkel, the aircraft manufacturer, started negotiating with
         the Augsburg local government to take over the Bfw factory.5

      
      Fortunately for Messerschmitt, his lawyer Konrad Merkel won a settlement. Luft Hansa agreed to take delivery of modified M
         20B airliners. The M 20B was re-certified by German civil aviation authorities, showing that the modified design was acceptable.
         But once Luft Hansa had cancelled its initial order, no one else wanted Messerschmitt’s airliners. Messerschmitt needed to
         design and build new types of planes to keep Milch from gloating as the receiver’s padlock went on the factory gates.
      

      
      R.J. Mitchell

      
      The seaplane’s engine produced a long ear-shattering roar as they ran it up on shore. The pilot eased the throttle forward.
         The seaplane strained at the restraints that held it down. Watching were other pilots in flight suits, technicians and ground
         crew in overalls, and one man in a three-piece suit, a pipe stem clenched between his teeth, sometimes making notes on a clipboard
         he was holding, watching and listening to the massive roar. It was not all just noise to him.
      

      
      The run-up finished and the engine turned off; the seaplane was released from its bonds. It was eased forward onto a metal
         cradle with four automobile wheels and, with ground crew and technicians pushing, gently rolled down a concrete ramp that
         led into the Solent.
      

      
      The waters of the Solent were busy with international commerce. Everyone handling the seaplane could look up and see a great
         ocean liner cruising to or from Southampton. Nearby, several motorboats were already purposefully cruising up and down, searching
         for any floating debris. Another motorboat came in, close to the cradle, and picked up a tow line as the seaplane entered
         the water, towing it onto the Solent and into the wind.
      

      
      The mighty engine started up again. The propeller blew a plume of spray, the wind catching it as it accelerated; the spray
         almost concealed the plane itself, soon hurtling forward through the water. The pilot pulled his head well down, trying to
         shield his goggles from the spray. The nose swung slightly from side to side as it picked up speed and the pilot tried to get a view straight ahead, where the
         sheer size of the engine blocked his vision.
      

      
      The little blue seaplane’s wings started to lift it into the air. The motorboats raced behind, at a respectful distance, soon
         outpaced as the seaplane picked up speed, ‘on the step’, its two streamlined floats skimming the surface of the water, until
         it broke free and lurched into the blue summer sky. The spray disappeared. On the edge of a stall, it seemed to hang on its
         propeller for an instant, a few feet above the water. The pilot eased the stick forward. A brief plume of water rolled off
         its floats as the seaplane climbed away. A dissipating wake on the surface of the water showed where it had taken off. The
         elegant royal blue lowwing monoplane racer seaplane, taking off from the waters of the Solent on a practice flight that summer
         day, was wearing the RAF’s red-white-blue rudder stripes.
      

      
      Speed and power: what the Supermarine S.6B seaplane racer embodied in the summer of 1931, powered by a Rolls-Royce R in-line
         engine producing an astounding 2700 hp at a time when the RAF’s principal fighter, the biplane Bristol Bulldog, used a 450
         hp engine. The S.6B had been designed to win the Schneider Cup – the premier international air racing prize for seaplanes
         since before the Great War – permanently for Britain. Any country winning three times in a row would keep the Cup and conclude
         the series of competitions, held first annually and then biennially. The British, with strong aviation and marine industries,
         thought the Cup rightfully belonged to them.
      

      
      The RAF’s specialist High Speed Flight trained through the summer of 1931 at the seaplane base at Calshot Castle, on the Solent
         near Southampton. Watching them fly and maintain the S.6Bs was Supermarine’s chief designer, Reginald James Mitchell. Mitchell
         – ‘RJ’ to his friends, ‘Mitch’ only to the pilots of the High Speed Flight – was born in 1895, three years before Willy Messerschmitt.
         His wife, Florence, eleven years his senior, was a former primary school headmistress. They had a teenage son at school. The
         quiet, shy, intense, pipe-smoking engineer knew speed and power.
      

      
      Mitchell had started building model aeroplanes as a child and had learned engineering through apprenticeship at a locomotive
         works rather than at university. In 1920, at the age of twenty-four, he had become chief designer for Supermarine, a small Southampton-based
         aircraft manufacturer that specialised in seaplanes. His best-known designs were large biplane flying boats with a forest
         of struts and bracing wires that might make a stately progress of up to 100 miles per hour (mph) with a tailwind.
      

      
      Mitchell immersed himself in the details of airframe and engine design and construction. He observed the work of his design
         team, asking for explanations as they transformed his ideas into the complex structure of an aircraft. On the shop floor,
         he watched as wood and metal came together, covered with fabric, to become an aeroplane. He learned to smell the varnish of
         the dope on the fabric that covered the wooden framework of control surfaces; if it did not smell right, it would not work
         in the air. He felt stitching in the fabric, placed so it would not be pulled apart by a slipstream at hundreds of miles per
         hour. At the test stands, he listened to the engines being powered up, until he could tell from the sound how fast they were
         turning over and whether something was amiss. The chief designer relied on others to turn his vision into an actual design,
         but it was his decisions that determined an aeroplane’s success or failure.
      

      
      In the 1920s, other countries had beaten the British in the Schneider competition. Italy did so with Macchi seaplanes. But
         a Supermarine design, the Sea Lion, prevented the Italians from winning the Cup outright in 1922. The US won in 1925 with
         the Curtiss R3C Racer seaplane, flown by James ‘Jimmy’ Doolittle, an Army Reserve lieutenant and test pilot who held a doctorate
         from the Massachusetts Institute of Technology.
      

      
      ‘Speed in the air must always be a measure of aerodynamic efficiency, which in turn must always be the most important consideration
         of all in aircraft design’, Mitchell had written.6 Mitchell was able to put this into practice in his racing seaplane designs thanks to new engines made first by Napier and
         then by Rolls-Royce. The earliest version was the wooden-winged S.4B, which had failed to beat the Italians in 1926. Mitchell-designed
         racers won two Schneider competitions in a row. The all-metal S.5 won in 1927, and the S.6 won again in 1929. Mitchell refined
         his basic racer design.
      

      
      
      Racing accelerated aircraft development. Mitchell said that his work on the racers showed ‘it is essential to break new ground
         and to invent and involve new methods and new ideas’; the S.6’s engine ‘would have taken at least three times as long to produce
         under normal processes of development’.7 Mitchell’s ultimate refinement of the design, the S.6B, was prepared for the decisive 1931 competition that could mean a
         third-time, permanent win. Then the Treasury pulled the plug. The great depression precluded funding to build and race the
         S.6B. Mitchell knew that winning the Schneider Cup permanently would give the struggling British aircraft industry – increasingly
         overshadowed by foreign competition – a massive boost. But this did not sway bureaucrats in Whitehall. The opportunity to
         win the Cup for a third and last time was about to slip away.
      

      
      Mitchell and his plane were saved by Lady Lucy Houston, a well-known philanthropist and former actress, wealthy through marriage,
         whose humble origins, right-wing politics and eccentric lifestyle made her a media favourite. Anxious to help Britain achieve
         an international aviation success (and embarrass the Labour government she detested), she provided £100,000 of her own money
         to build two S.6Bs. These new Mitchell-designed racers allowed the RAF High Speed Flight to compete in 1931.
      

      
      Once the money was provided, the S.6Bs still had to be made ready to fly. The High Speed Flight brought together RAF members
         of the teams that had won the two previous Schneider Cup competitions and representatives of Supermarine and Rolls-Royce.
         In the summer of 1931, S.6Bs were flying from the RAF seaplane ramps at Calshot Castle. Mitchell was on the scene to deal
         with technical problems. During a practice run, an S.6B experienced dramatic rudder flutter that nearly caused a fatal crash.
         High-level meetings were convened at Calshot and at the Air Ministry in London. Mitchell instead examined the damaged racer.
         He spoke to all the pilots and technicians involved with the S.6B, not just the senior men. One of the pilots, Flying Officer
         Richard ‘Batchy’ Atcherley,8 recalled: ‘He was always keen to listen to pilots’ opinions and never pressed his views against theirs. He set his sights
         deliberately high, for he had little use for “second bests”. Yet he was the most unpompous man I ever met.’9 Mitchell came up with a solution – external rudder mass balance weights, tested and installed in time to participate in the 1931 Schneider Cup competition.
      

      
      Faced with the difficulties of fielding racing seaplanes, the potential competitors – Italy, France and the US – folded. Britain
         was unopposed in the 1931 competition and won the Cup. Soon after, the S.6B set the world absolute air speed record, 407.5
         mph. This success made Supermarine world famous. Vickers, the armaments manufacturing conglomerate, bought the company, in
         no small measure to gain access to Mitchell and his design team.
      

      
      Mitchell designs a fighter

      
      On 1 October 1931, eighteen days after the Schneider Cup was won outright for Britain, the Air Ministry had issued Specification
         F7/30, for a new fighter plane to replace the Bristol Bulldog. Its top requirement was a speed over 250 mph. Designs using
         the steam-cooled Rolls-Royce Goshawk engine (a development of the Kestrel) would be preferred. Mitchell and his design team,
         at Supermarine’s Woolston factory near Southampton, were among several working to design an aeroplane to meet this specification.
         Sydney Camm and his team at Hawker, in Kingston-on-Thames, had designed the RAF’s newest fighter, the Hawker Fury. Other British
         airframe designers also submitted designs.
      

      
      Mitchell lacked Camm’s experience with biplane fighter design. Supermarine’s smaller, less well-funded design team had experience
         with racers but this was not directly applicable, although they had learned much about streamlining and powerful engines.
         While Camm worked on two designs, a biplane and a monoplane, Mitchell’s team concentrated their efforts on a single design,
         a monoplane. Their plans arrived at the Air Ministry on 20 February 1932, 106 hectic days after receiving the specification.
      

      
      A monoplane fighter was revolutionary. Every fighter in the RAF was a biplane. Months of ominous silence followed. The Air
         Ministry studied the plans, checked their budgets, then studied the plans some more. They also looked over their shoulders
         at what might be coming. In 1931, Britain had agreed to a League of Nations ‘armaments truce’, effectively halting aircraft
         procurement, and hoped that the League would eventually negotiate an ‘air pact’ that would ban bombing, removing any need for a fighter. But the League’s authority
         was fading. Japan had invaded Manchuria in 1931. The League failed to act. In 1932, the British Cabinet abandoned the ten-year
         rule, that no major conflict was to be anticipated for that length of time. Finally, Mitchell heard back from the Air Ministry:
         build one prototype. A contract followed on 2 August 1932.
      

      
      The fighter Mitchell designed to Specification F7/30, the Supermarine Type 224 prototype, took form in Supermarine’s factory.
         This all-metal monoplane had a thick low inverted gull wing, its fixed undercarriage shrouded in streamlined ‘trousers’, an
         armament of four machine guns, and an open cockpit. To Mitchell, the least satisfactory element of the design was the engine.
         The 600 hp Rolls-Royce Goshawk provided insufficient power. Its steam cooling system proved unreliable and ineffective.
      

      
      Even as the prototype was taking shape, Mitchell worked hard with his team, looking for ways it could be improved. Soon, he
         began to feel unwell. He ignored it. It was only overwork. His team found him more demanding than ever. The work came home
         with him. Florence Mitchell recalled:
      

      
      
  
         He’d be talking to you one moment, and the next minute, he’d be miles away and you knew he’d thought up something new. He
            loved snooker, but even in the middle of a game he’d suddenly put down his cue and out would come an old envelope or a scrap
            of paper and, as he began to draw, he would give a rapid explanation of the diagrams he was making … In those days we lived
            aeroplanes. There were always people from Super marine or pilots at our Southampton house, talking about their aircraft or
            the speeds at which they could fly and they often sat up into the early hours of the morning.10

      

  

      
      As a result, recalled Supermarine’s chief draughtsman Joseph ‘Joe’ Smith, ‘I can remember many occasions when he arrived at
         the office with the complete solution of a particularly knotty problem, which had baffled us all the night before.’11

      
      
      Mitchell grew sicker. He was soon in the hands of the doctors, then the surgeons. The diagnosis was bowel cancer. This led
         to major surgery and the fitting of a colostomy bag in August 1933. Following his operation, as the Type 224 approached flight,
         Mitchell was under strict orders to rest. His prognosis was clouded. If the cancer did not recur within four years, it would
         mean he had beaten it. The odds were not good. Nor was the Type 224 progressing as he wished. Without an adequate engine,
         it appeared that it would meet neither Mitchell’s expectations nor the Air Ministry’s specifications.
      

      
      The future of flight arrives

      
      The future of flight reached England on the morning of 16 October 1934. Flying Officer Jeffrey Quill of the RAF did not see
         it arrive. He, like Britain’s other fighter pilots, was flying an elegant biplane such as the Armstrong Whitworth Siskin,
         or his favourite, the Bristol Bulldog.12

      
      In the air, Quill was separated from the wind rushing past, at almost 200 mph, by a small windscreen, his leather flying helmet
         and his RAF-issue goggles. The biplane he was flying, like every fighter plane built since the Great War, was covered with
         doped fabric and armed with the same armament of two synchronised rifle-calibre .303 Vickers machine guns.
      

      
      What had changed in fighter design since 1918 was not evident to those watching the Bulldog from a distance. Its framework,
         aluminium rather than wood, along with struts and wire rigging, provided structural strength. Its engine had a supercharger
         for improved performance at higher altitudes, allowing flights as high as 16,000 feet. The pilot could even communicate through
         a radio telephone rather than hand signals.
      

      
      Quill loved it. He loved the wind, the sound it made as it whistled through the knife-edged bracing wires that held the biplane’s
         two wings in alignment, and he adored the Bulldog’s manoeuvrability. With two pairs of wings providing lift and external struts
         and bracing wires providing support for them against the stress of intense manoeuvring, the Bulldog could change its direction,
         pitch, yaw or roll, in instant response to a move of the control stick and rudder pedals. The 440 hp Jupiter radial engine
         made the aircraft some 60 mph faster than the fighters of 1918, years after Mitchell’s S.6B had set the speed record at 407.5 mph.
      

      
      The future of flight was a Douglas DC-2 airliner of KLM, the Netherlands’ airline. It was on its first flight to RAF Mildenhall,
         the starting point of the Mac Robertson England to Australia air race that was to begin on 20 October 1934. The race had become
         a focus not just of the aviation world, but of worldwide attention. Mitchell had even proposed that the Type 224 prototype
         be allowed to compete, an idea disapproved by the Air Ministry.
      

      
      The DC-2 was everything that Quill’s Bulldog fighter was not. The airliner, built in Long Beach, California, and the first
         of its kind to arrive in Europe, moved fast and could have outrun him in a race. A twin-engine, low-wing monoplane, with streamlined
         lines and swept-back wing leading edges that minimised resistance and the amount of area presented to the airflow, the DC-2
         was all-metal, built of light but rugged aluminium alloys. Unlike the Bulldog, its structural strength came not from an internal
         skeleton but its polished silver ‘stressed’ skin, 0.8 mm thick, which carried the aerodynamic stresses. The DC-2’s metal skin
         was more durable than the Bulldog’s doped fabric. While the Bulldog, like all its contemporaries, had a fixed undercarriage,
         the DC-2’s main undercarriage retracted, pulled inside the wing in flight to reduce drag, increasing speed and range.
      

      
      The DC-2’s two Wright Cyclone radial engines each provided 875 hp, almost twice that of the biplane fighter. Each engine was
         housed in a streamlined metal cowling, whereas the cylinders of the Bulldog’s engine were exposed to the wind, like Quill
         himself in his open cockpit. The cowlings, like the retractable undercarriage, smoothed the flow of the air passing the engines
         and decreased drag. The Bulldog, with its struts, fixed undercarriage and rigging wires, could never be described as streamlined.
      

      
      Like the Bulldog’s engine, each of the DC-2’s engines had a supercharger, forcing air into the intake manifolds at altitudes
         where the air was markedly thinner and its pressure less than at sea level. An engine without a supercharger loses some 45
         per cent of its power at 15,000 feet, the highest altitude where flight without oxygen equipment is feasible. To get greater
         power from a piston engine, the supercharger squeezed more oxygen into its cylinders.
      

      
      
      While the Bulldog’s two-blade propeller was of beautifully laminated wood, the DC-2’s engines used constant-speed propellers
         that could vary their pitch – the angle at which the blades cut through the air – automatically between take-off, climb, cruise
         and landing to ensure the optimal use of the engines’ thrust. Where the Bulldog’s radio telephone had to be supplemented by
         wing-waggling, hand signals or signal flares, the DC-2 had two reliable radio systems, both a voice radio and a Morse key
         radio set with its own operator.
      

      
      Although Quill was an all-weather flying specialist, most of the RAF’s biplanes could not fly unless the sky was clear. The
         DC-2 had blind flying avionics, including an artificial horizon and a radio compass to allow it to home in on radio beacons
         and so keep a schedule even in Europe’s overcast skies. The DC-2 could fly year round; it was equipped with a heated cabin,
         de-icer boots on each wing’s leading edge, which prevented the formation of ice that could otherwise decrease lift and increase
         drag and weight until an aircraft could no longer fly, and carburettor heating, so ice would not choke off the engine’s air.
      

      
      Coming in to land at Mildenhall, the low-drag, high-speed DC-2 could not glide in gracefully to land like Quill’s biplane,
         back to a grass strip, sideslipping to bleed off excess airspeed. Rather, the DC-2 had flaps that could be lowered from the
         trailing edge of the wings to provide more lift (and drag) at low speed, as required while landing. Some monoplanes (though
         not the DC-2) also had slats that extended from the leading edge of the wing at low speed to smooth the airflow. The DC-2
         was designed to fly from concrete runways, not grass.
      

      
      The DC-2 flying into Mildenhall that morning was a virtual catalogue of technological innovations that the resource-constrained
         RAF’s biplane fighters lacked. It had been made in the US, where larger distances meant money could be made with airliners,
         and where its advanced technology had already been applied to build the Boeing YB-9 and Martin B-10 bombers. The RAF had little
         money to invest in developing or procuring these technologies in 1934. The careful, punctual Dutchmen flying the DC-2 for
         KLM were earning money. The DC-2 had a schedule to keep, picking up paying passengers and a full load of mail while flying
         the race. It came in second place overall and first in the handicap division.
      

      
      
      Air power and the future

      
      Winning war without the trenches, without the bloody months-long battles and without the conscript armies of infantrymen whose
         losses had led to social revolution in Germany and Russia: this was his vision. Marshal of the Royal Air Force Sir Hugh ‘Boom’
         Trenchard cast a long, gaunt shadow over British air power in 1934. His nickname referred to his loud parade-ground voice,
         bestowed in an era when dropping bombs from flying machines constituted science fiction rather than national strategy. He
         had commanded the Royal Flying Corps in France in the Great War. His maxim had been ‘use scouts offensively’ and he had sent
         his pilots over German lines relentlessly, the airborne counterparts of the ‘big push’ offensives on the ground. In 1918,
         he directed the Independent Bomber Force: British bombers based in France to target Germany in retaliation for the bombing
         of London by German Zeppelins and bombers.
      

      
      The bomber force emerged as the RAF’s primary rationale for its continued existence as an independent service, equal with
         the Royal Navy and the British Army. Post-war, as the RAF’s first chief of staff (to 1929), Trenchard had been the foremost
         advocate of strategic bombing. Starting in the 1920s, with budgets strictly limited by the ‘ten-year rule’ but building on
         their limited 1918 experience of bomber attacks on German industry, the RAF had planned for strategic bombing, the launching
         of direct attacks on an enemy’s industry (destroying its ability to wage war) and population (crushing the morale of its people).
         In this way, future wars would not have to be fought like the Great War, with massive land battles. Trenchard was seen as
         a prophet, even at the Treasury; if bombers were capable of winning future wars, they would not have to invest in tanks and
         warships.13

      
      The airmen of many nations had spent the 1920s and early 1930s planning for strategic bombing. Italy’s General Giulio Douhet
         was the leading theorist, writing influential books and articles. He argued that bombers, rather than armies or navies, would
         win future wars. Trenchard’s counterpart in America, Brigadier General William ‘Billy’ Mitchell, advocated bombers. He wanted
         a US Air Force, independent like the RAF, but the US Army Air Corps remained part of the US Army.
      

      
      
      Trenchard’s vision of emphasising strategic deterrence through bombers had been set out in an Air Staff memorandum in 1924.
         ‘Bombing squadrons should be as numerous as possible and the fighters as few as popular opinion and the necessity for defending
         vital objects will permit.’14 Bombers meant peace, fighters an ineffective defence. But the British, with the bitter but instructive experience of German
         air raids during the Great War fresh in their memories, never abandoned a commitment to air defence. The Air Defence of Great
         Britain (ADGB) headquarters, organised in 1925, included both bombers and fighters. But there was little money for either.
      

      
      In Britain, as in other countries, professional airmen such as Trenchard believed that ‘the bomber must always get through’
         to its target. This had been accepted wisdom for years before Stanley Baldwin, the prime minister, used the phrase in a speech
         before the House of Commons on 10 November 1932. At that time, biplane bombers were almost as fast as biplane fighters. Without
         a reliable way (other than inaccurate sound detectors) to detect incoming bombers until they could be seen overhead, defenders
         were unlikely to intercept before the bombers had dropped their bombs. Without reliable long-range radios, fighters could
         not be directed to intercept them. In the wake of the Great War, it was assumed that poison gas would be used against civilian
         populations. The winner in the next war would be the side with more and better bombers, able to render factories and cities
         unusable before the enemy could do the same. Air power was a balance of terror.
      

      
      The RAF held its largest peacetime exercises in the summer of 1933. The lessons reinforced established wisdom. Bombers would
         get through, by night or day. It was an easy stretch to incorporate the emerging technologies used by the DC-2 into a new
         generation of all-metal twin-engine bombers. Indeed, artists’ impressions of such designs on drawing boards worldwide appeared
         in the aviation press. Larger, four-engine bombers were likely to follow. This was the goal of the US Army Air Corps’ Tactical
         School at Maxwell Field, Alabama, an incubator of pro-bomber thinking. The RAF’s leaders thought the same way. In both air
         arms, dissenting fighter pilots believed they could intercept the bombers. But they were not the ones allocating scarce resources
         within the services.
      

      
      
      Yet fighters could also use at least some of the new technologies the DC-2 represented. No one was sure what a high-technology
         fighter plane would look like. Indeed, many professionals thought fighter aircraft impractical without the biplane’s superb
         manoeuvrability and the all-round visibility of the open cockpit. This was what had led to the F7/30 specification. The Air
         Ministry aimed to find from the British aircraft industry’s designers if a modern fighter was practical.
      

      
      Willy Messerschmitt builds a plane

      
      While Willy Messerschmitt drew up new designs and tried to earn money as a professor of aerodynamics in Munich, most of his
         work went into light aircraft (which won a number of prestigious competitions) and gliders. Early 1930s Germany was obsessed
         with gliders. All the world’s gliding records were set by Germans or Austrians.
      

      
      In 1932, no German wanted to fly more than did Adolf ‘Keffer’ Galland, a 20-year-old who lived for gliding even more than
         hunting and girls, the only things that came close. Rather than going to college, he won glider championships for speed, endurance
         and distance covered. He was selected for a highly competitive (4000 applicants for 18 slots) place to train for an ‘airline’
         flying job.
      

      
      But Galland’s ‘airline’ training was intended to turn him from a glider pilot into a fighter pilot. In 1932, Germany was still
         banned from having an air force under the Treaty of Versailles. The Weimar Republic’s clandestine development of military
         aviation had been apparent for years to anyone who cared to see it (one of the few in England who did was Winston Churchill,
         then a backbench Member of Parliament and writer). They had been paying Messerschmitt, Junkers and all Germany’s aircraft
         designers for warplane designs.
      

      
      The ‘airliners’ being prepared for Galland were products of the German aviation industry. Messerschmitt’s long-time rival,
         Dr Ernst Heinkel, had as his chief designers the twin Günter brothers, Siegfried and Walther, Great War Frontschweine who had been captured together on the Somme. The brothers’ need for speed was such that they would drive fast cars and fly
         fast aeroplanes, even in formal attire (top hats included). The talented brothers had, along with Heinrich Hertel, Heinkel’s
         technical director and chief of development, designed some of the world’s fastest planes, as well as the Heinkel He 70, a high-speed single-engine low-wing ‘airliner’ with elegant elliptical
         wings.
      

      
      Messerschmitt’s 1932 M 29 was intended to repeat the successes of his previous designs in the Circuit of Europe air race.
         It was a low-wing two-seater, with a cantilever wing, though its horizontal stabiliser was externally braced by struts. Four
         M 29s were built for the August 1932 race. They never got to compete. Two crashed fatally days before the competition began.
         The survivors, withdrawn from competition, had their structure strengthened.
      

      
      Messerschmitt built an aerobatic competition monoplane, the M 35, to demonstrate that his lightweight designs would stay together
         in the air regardless of the manoeuvres a pilot put it through. Finally, he started a new aircraft, to be ready in time for
         the 1934 Circuit of Europe. The M 37 was a low-wing all-metal design, a two-seater with a single engine and a retractable
         undercarriage. Messerschmitt hired Rakan Kokot haki, an engineer, as a manager and assistant, and relied on him to manage
         new projects. But Bfw was still in the hands of the receivers.
      

      
      The 30 January 1933 appointment of Adolf Hitler as Chancellor changed everything. In March, he established the Reichsluftfahrt-ministerium (RLM), the Reich Air Ministry, in readiness for a formal renunciation of the Versailles Treaty and the creation of an overt
         air force. The new RLM, which would buy Germany’s military planes, was under Göring’s jurisdiction, but the real power was
         Erhard Milch, appointed as the secretary of state for air. He soon demonstrated that, despite his arrogant personality, he
         had a thorough knowledge of aircraft and management alike. He remained convinced that Messerschmitt’s designs were unsound.
      

      
      Milch renewed his campaign against Messerschmitt in June 1933, obstructing government contracts to build Messerschmitt-designed
         aircraft. He even sought to deny Bfw contracts to build other aircraft under licence. Milch demanded that Bfw post a two-million-mark
         surety bond against the structural failure of any of the aircraft they produced.
      

      
      Faced with ruin, Messerschmitt was able, through the Baroness’s family connections, to deliver the banker and financier Friedrich
         Seiler to Milch’s office in Berlin to sign the unprecedented surety bond. Milch, outraged, lashed out at Seiler: ‘You are bailing out a would-be industrialist who will never make the grade.’15

      
      However, the new regime’s first target in the German aircraft industry was Dr Junkers, a strong nationalist and opponent of
         Versailles but a long-time social democrat.16 In June 1933, threatened with imprisonment, Junkers signed away all 170 of his patents, and transferred 51 per cent of the
         stock of his firm to the Reich. Messerschmitt, given his history with Milch, feared he would be next. He said nothing in public
         about the Nazi treatment of Junkers. No one in the German aircraft industry did.
      

      
      But Messerschmitt had friends too. He had known Rudolf Hess, Hitler’s deputy, in the 1920s. Hess took time out from Nazi politics
         for flying and gliding. Messerschmitt had given Hess a good deal on an M 23 aerobatic monoplane that he had used to win a
         number of competitions. Through Hess, Messerschmitt met Hitler for the first time. It would be the first of many meetings.
         Hitler was impressed by Messerschmitt and considered him a genius, the possessor of a particularly and uniquely Germanic creativity
         and insight that he could count on to realise his vision of turning the bankrupt and defeated country into a dominant power.17 Messerschmitt, in return, appreciated Hitler’s interest in aircraft and his willingness to talk about the details of technology,
         recognising him as a twentieth-century man of genius who realised the importance of ensuring that it was Germany that led
         in advanced aeronautics and that the dead hand of Versailles was preventing this.
      

      
      Theo Croneiss, a wartime fighter pilot who was now a leader of the paramilitary Nazi SA (Brownshirt) organisation, Hitler’s
         street fighters, was another of Messerschmitt’s old friends. He had run an airline in the 1920s that flew Messerschmitt designs
         and had volunteered to act as test pilot for the M 20B airliner. Milch had tried to run him out of business for competing
         with Luft Hansa. Croneiss became chairman of Bfw’s board of directors in October 1933.
      

      
      In 1933, Willy Messerschmitt filled out his application form to join the Nazi party and became member 342354. He often wore
         a swastika lapel pin on his business suits. A combination of gratitude for support against Milch and a vital need to ingratiate
         himself meshed with his nationalist politics and a desire to provide employment for loyal workers who had stuck with him in the lean years. He indeed was a national socialist (in lower-case letters) but no insular fanatic.
         He was used to interacting freely with people in aviation worldwide. His stepfather was an American citizen. His older brother,
         who ran the Messerschmitt family wine and restaurant business in Bamberg, had spent much of his career in California. Messerschmitt’s
         friend Ernst Udet was one of the many other Germans applying to join the party in 1933.
      

      
      For the M 37 programme, Messerschmitt hired a new chief designer: Robert Lusser, a record-setting pilot as well as a graduate
         engineer. He had previously designed all-metal aircraft for Junkers and then for Heinkel, where the Günter brothers had blocked
         him from the chief designer’s position he coveted. The design bureau chief, Richard Bauer, brought in from Arado, another
         aircraft manufacturer, used his all-metal design expertise to turn Lusser’s project sketches into the detailed design and
         construction drawings that would be needed to build the new aeroplane. Hubert Bauer, head of production, would often be found
         on the shop floor, welding aluminium, showing craftsmen and engineers alike what he wanted on the emerging M 37 design.
      

      
      The fast M 37 may have been intended for a 1934 prestige air race, but in 1933 it required no prescience to see that it could
         also be an advanced trainer, capable of developing Germany’s thousands of glider pilots into fighter and bomber pilots. But
         the RLM ignored the M 37. Instead, Messerschmitt’s Augsburg factory built Heinkel He 45 biplanes under licence as well as
         Dornier Do 11s, an under-powered monoplane twin-engine bomber-trainer, thinly disguised as a mail plane. The German air industry
         was stretched to over-capacity by the first round of RLM orders. In 1933 the German aircraft industry had employed 3500 personnel,
         mainly highly skilled craftsmen, and was building an average of thirty-one planes a month. This level was about to expand
         by orders of magnitude. With the money from the licensed production orders, in May 1933 Messerschmitt was able to get Bfw
         out of the hands of the receivers, relaunch it, and prepare for the first flight of the M 37 the following year. But he had
         yet to sell any Messerschmitt designs to the RLM.
      

      
      The RLM and the War Ministry in Berlin were at work on answering a fundamental question: what kinds of combat aircraft would the new German air force need when it finally shed its clandestine
         nature? This was the primary focus of General Walther Wever, chief of staff of the Luftwaffe in all but name. A staff officer
         who had learned to fly late in his career and embraced it with a convert’s zeal, he was respected by the professional military,
         the aircraft industry and the new regime alike. In 1933, Germany feared primarily a pre-emptive strike by France, Poland and
         perhaps other neighbours.18 German military staff officers produced studies and played wargames to identify Germany’s combat aircraft needs. These were
         reflected by the RLM’s 1933 Technisches Amt (Technical Department, better known as C-Amt) programme. The CAmt planned that once trainers were built, Germany would need combat aircraft in four broad categories, designated Rüstungsflugzeug (aircraft armaments) I–IV: respectively, a multi-seat medium bomber, a smaller tactical bomber, a single-seat interceptor
         fighter and a two-seat heavy fighter. C-Amt started to work on detailed specifications for each of these requirements. They would then invite tenders from German aircraft
         manufacturers.
      

      
      RLM Specification LA 1432/33 reflected the Luftwaffe’s vision of what a single-seat fighter plane would have to do in a future
         war, replacing biplane Heinkel He 51s and Arado Ar 68s.19 It specified an interceptor, intended to defeat high-technology twin-engine bombers sent to bomb Germany by day. The specification’s
         primary evaluation criterion for the new fighter was speed. To enable it to catch incoming bombers, it had to sustain a speed
         of no less than 400 km/h (250 mph) for twenty minutes at an altitude of 6000 metres (19,690 feet). This showed the RLM’s understanding
         of how the fast bomber had changed air combat: speed was needed to intercept them. Second, rate of climb would be considered,
         reflecting the need for the new fighter to quickly reach the high altitudes – made possible by their supercharged engines
         and oxygen equipment – at which the new bombers would be operating. The new fighter had to be able to climb to 6000 metres
         in seventeen minutes. It would have an operational ceiling of 10,000 metres; the engine would require a supercharger and the
         pilot oxygen. Total endurance was to be ninety minutes in the air, reflecting a need to patrol rather than a specific requirement
         for range or to carry an external fuel tank under the fuselage, like the He 51 biplane. An interceptor would operate close to its home base.
      

      
      Manoeuvrability, considered the sine qua non of biplane fighters, was only the third-placed criterion, displaced by the bomber threat. It was thought that at the high
         speeds of modern aircraft, there would be few fighter versus fighter dogfights on the Great War model. The new design would
         have to have a wing loading of less than 100 kg per square metre; the lower the wing loading (the amount of lift each area
         of the wing must develop to keep an aeroplane flying) and the greater the engine power, the higher the manoeuvrability. The
         specification required the 670 hp Junkers Jumo 210 engine. The armament specified was the usual two rifle-calibre synchronised
         machine guns that current German biplane fighters carried. However, the RLM also asked for the new fighter to have provision
         for an engine-mounted 20mm cannon. The Luftwaffe realised that heavier firepower might be required to bring down all-metal
         multi-engine bombers.
      

      
      Willy Messerschmitt knew about the upcoming competitions. He most wanted to win those for the two Rüstungsflugzeug fighter designs. But he had never produced a combat aircraft. Lusser’s new design, the M 37, would not fly until 1934. Even
         if the M 37 were adopted by the RLM as a trainer and liaison aircraft, its importance to Messerschmitt was dwarfed by the
         numbers of potential aircraft that would be produced to meet the two fighter requirements. But Milch could prevent Messerschmitt
         submitting a design or receiving government funding to build a prototype.
      

      
      In designing the M 37, Messerschmitt’s team overcame many of the same problems that would be encountered in a modern fighter.
         The team had little experience designing aircraft with a retractable undercarriage, but produced an effective lightweight
         design. An enclosed cockpit, leading-edge slats and slotted flaps, previously used on larger all-metal airliners, were adapted
         to a small airframe. The M 37 design, though it had yet to fly, looked so promising that even the RLM had to pay attention.
         In September 1933, the RLM awarded Bfw a development contract, including six prototypes, for the former M 37, now redesignated
         the Bf 108A. With construction under way, Messerschmitt hired as chief engineer Walter Rethel, formerly Arado’s chief designer, a man with extensive experience in building all-metal aircraft.
      

      
      In October 1933, Germany had walked out of the League of Nations’ Disarmament Conference. In Britain, Winston Churchill was
         one of the few public figures to call attention to German rearmament. Britain had wanted the ‘air pact’ that would effectively
         end bombing through international agreement. For this, Britain even offered Germany in exchange the remilitarisation of the
         Rhineland, which had been demilitarised under Versailles and occupied by Allied troops until 1931. Hitler was not receptive.
         Soon after, Germany withdrew from the League of Nations. The Luftwaffe’s need for modern fighter aircraft became urgent.
      

      
      R.J. Mitchell builds a better fighter

In the summer of 1933, Mitchell was recuperating from his bowel cancer surgery in a sanatorium in Bournemouth. Away from
         the office, Mitchell pondered political developments in Germany as well as his Type 224 design. Neither looked encouraging.
         Mitchell ignored his doctors and went back to Woolston.
      

      
      Mitchell’s son Gordon recalled, ‘He never let himself be discouraged by failure. If a design failed, he went straight back
         to the drawing board and started again.’20 Even before the Type 224 had flown, Mitchell decided that rather than devoting his time and that of his design team to improving
         the original design with the hope of winning the competition under Specification F7/30, they would prepare an entirely new
         design.
      

      
      Mitchell had no assurance the RAF would buy the new fighter he was designing in the absence of an official specification.
         But RAF intelligence and some of its high-level leadership had already realised the implications of the 1933 German air expansion
         programme. In 1934, the RAF started planning for a war with Germany.
      

      
      The Type 224 prototype first flew on 19 February 1934. But Mitchell was already at work on the new design. Always demanding
         with his team, Mitchell now became driven. Drawings that were not what he wanted would be flicked aside or even ripped to
         pieces. His team, even Joe Smith, leader in his absence, learned not to disturb Mitchell’s concentration when he was focusing on a problem. His son Gordon recalled, ‘He had no time at all for anyone he considered
         a fool and could be very rude.’21 Mitchell faced his medical problems with a stiff upper lip and, told his cancer could soon return, was soon working harder
         than ever, even flying planes himself. He brought his son to the office when he worked through weekends. Alan Clifton, Smith’s
         assistant, who had been at Supermarine since 1923, had no idea Mitchell had had a colostomy.
      

      
      Mitchell’s gamble, to devote his and his team’s efforts to his idea – not that of the RAF – for a new fighter design rather
         than work on improving the Type 224, was backed up by his management. Sir Robert McLean, chairman of Supermarine’s owner,
         Vickers, had previously supported Mitchell’s work on the Type 224 prototype and had been frustrated by what he perceived as
         a technically backward Air Ministry. He had suggested its unofficial name, Spitfire. He funded Mitchell’s new design, designated
         the Type 300. McLean recalled:
      

      
      
  
         I felt that they [Mitchell and his team] would do much better by devoting their qualities not to the official experimental
            fighter [the Type 224] but to a real killer fighter. After unfruitful discussions with the Air Ministry, my opposite number
            in Rolls-Royce, the late A.F. Sidgreaves, and I decided that the two companies together should finance the building of such
            an aircraft. The Air Ministry was informed of this decision and we were told that in no circumstances would any technical
            member of the Air Ministry be consulted or allowed to interfere with the designer.
         

      

  

      
      Mitchell was on his own for the design. McLean felt ‘the only thing to do was to build one ourselves. We had a large development
         fund and I used my own discretion, and we were on our own.’22

      
      But if McLean was taking a risk in using company funds to back the gamble, it was an informed one. They had paid for Mitchell’s
         team to work on the new design since February 1934. The Air Ministry had asked Supermarine for costing information for the
         new project, a first step to issuing a contract. Two days after the Vickers board meeting that authorised the use of company
         funding on 6 November 1934, McLean spoke to Air Marshal Sir Hugh Dowding at the Air Ministry, who assured him that he would expedite the issuing of a contract
         and that there was no intention to impose an engine choice on Mitchell’s design. Dowding helped shape Air Ministry support
         for McLean’s desire for Mitchell to create his own vision of a ‘killer fighter’.23 The Spitfire was only briefly a private venture, and the Air Ministry, looking for solutions to its requirements, soon supported
         Mitchell’s independence and demonstrated this by its rapid response in creating a contract.
      

      
      Mitchell sketched out the new fighter, which took shape on Smith’s and Clifton’s drawing boards. Smith recalled that Mitchell
         ‘was an inveterate drawer on drawings, particularly general arrangements. He would modify the lines on an aircraft with the
         softest pencil he could find, then re-modify over the top with progressively thicker lines, until one would be faced with
         a new outline about three sixteenths of an inch thick. But the results were always worthwhile and the centre of the line was
         usually accepted when the thing was redrawn.’24 The copying of design drawings was the responsibility of the team’s junior members, the ‘tracers’, male and female. With
         Smith, Mitchell would ‘spend almost all of the time in the drawing office, on the various boards. Here he would argue out
         the details with the draughtsmen concerned and show a complete grasp of the whole aircraft.’
      

      
      The design team’s chief aerodynamicist, Beverly Shenstone, a former Royal Canadian Air Force (RCAF) pilot with a degree in
         aeronautical engineering, had worked in Germany with Dr Junkers.25 Arthur Black, the chief metallurgist, provided expertise vital to a team that had started out building wooden aeroplanes.
         Mitchell’s technical assistant, Squadron Leader H.J. ‘Agony’ Payn, a Great War fighter pilot, provided the new design with
         operational insights. Other members handled radio, armament and other complex sub-systems. Ken Scales was the foreman in charge
         of assembling the prototype on the shop floor. Vera Cross, hired as Mitchell’s secretary, took over the team’s administrative
         duties as well.26 Mitchell, Smith recalled, ‘won the complete respect and the confidence of his staff, in whom he created a continuous sense
         of achievement … But in spite of being the unquestioned leader, he was always ready to listen to and consider another point
         of view, or modify his ideas to meet any technical criticism he thought justified.’27

      
      
      The Type 300 design would have all the elements of a modern fighter that were missing from the Type 224: an enclosed cockpit,
         a radio, a retractable undercarriage, all-metal stressed skin construction rather than a heavy rigid internal framework, and
         multiple machine guns in the wings. The control surfaces mounted on the trailing edges – the rudder on the fin, the elevators
         on the horizontal stabilisers and the ailerons on the wing – had a metal structure but were covered in fabric. These were
         vital because they were what a pilot would use to direct the flight of an aircraft. All were hinged and moved by wires and
         pulleys in response to manual pressure (the reason why a light, fabric-covered structure was specified) on the controls in
         the cockpit: the control stick (for ailerons and elevators) and the rudder pedals. Moving the ailerons, deflected against
         the airflow in flight, one going up while the other goes down, alters the lift of a wing and so produces roll, changing the
         heading on which the aircraft is flying. The elevators control the pitch, making the nose go up or down, while the rudder
         controls yaw, the side-to-side motion. The Type 300 would have trim tabs on its elevators and rudder, adjustable by the pilot
         in flight by a wheel-like control, used to stabilise or ‘trim’ the aircraft in flight.
      

      
      Mitchell emphasised performance rather than ease of production, though he had designed the new fighter’s tail fin to be built
         as an integral part of the fuselage, simpler to assemble than as a separate component. Beverly Shenstone thought, ‘Had we
         had mass production in mind for the Spitfire from the beginning, we should almost certainly have arranged the internal structure
         rather differently.’28

      
      The Type 224 was doomed by the lack of a powerful and reliable engine. For Mitchell, who had seen the S.6B set records, the
         Type 224’s maximum speed of 238 mph was inadequate. He turned again to Rolls-Royce in-line engines, at that time the best
         in the world. The company had continued to work on the V12 engine designs that powered Mitchell’s S.6B Schneider Cup racers.
         These engines had the cylinders in-line in two banks and were water cooled rather than having the cylinders arranged around
         the crankshaft and air cooled, as in a radial engine. Rolls-Royce were working on a new engine in this series, designated
         the PV 12 (to be renamed the Merlin), and designed to provide 760 hp, with the potential for additional increases in power.
         Their Derby factory became the hub of advanced piston engine development, led by Ernest ‘Hs’ Hives.29

      
      Mitchell designed his Type 300 fighter around the new engine – rather than the alternative, the Napier Dagger – assuming that
         it would do everything that Rolls-Royce said it would do. If the engine failed to deliver or proved unreliable, or if its
         development were too protracted, Mitchell’s design would be useless. The PV 12 engine determined the form of Mitchell’s design,
         basically the smallest aircraft that could be designed around the engine and carry a multi-gun armament. Mitchell asked McLean
         and Sidgreaves to approach the RAF on his choice of engine. The Air Ministry decided in November 1934 not to push the Dagger
         on Mitchell and affirmed there was no objection to the use of the PV 12.30 The Air Ministry’s Royal Aircraft Establishment (RAE) at Farnborough developed an improved liquid cooling system that proved
         applicable to the new Rolls-Royce design.
      

      
      At Hawker, Sydney Camm was also building a fighter, backed by his company’s resources, after his ‘Fury Monoplane’ design to
         the F7/30 specification had been turned down by the Air Ministry. Camm also intended to use Rolls-Royce’s PV 12 engine. But
         his design philosophy was different from that of Mitchell. Camm wanted to make his monoplane fighter as similar to his successful
         biplane fighters as possible, allowing an easier transition to the new technology for the manufacturer, ground crew and pilots
         alike. Camm, working independently from Mitchell, decided that, instead of using all available advances to maximise performance,
         he would instead aim to design the Hawker Hurricane, a fighter that it would be possible to develop, produce and put into
         service before the next crisis in Europe.
      

      
      The Type 300 design progressed through the summer of 1934. Mitchell submitted a proposal for the new design to the Air Ministry
         on 16 July. It proved timely. In July 1934, rearmament began.31 The government announced Scheme A, a programme to expand the RAF to 1304 aircraft in five years, with seventy-five home-based
         bomber and fighter squadrons. The RAF had been training some sixty pilots a year. Over the next two years, thirteen civilian
         flying schools would be formed to dramatically increase this number.
      

      
      The press brought more news of advanced fighters being designed and built abroad, in the United States and the Soviet Union. Mitchell’s vision, that all-metal construction need not be limited
         to planes like the DC-2 with multiple engines and a strong structure, was shared by other aircraft designers throughout the
         world, even while others, such as Sydney Camm at Hawker, were designing monoplane fighters that would retain at least some
         of the old technology, the fabric-covered fuselages.
      

      
      But no one had yet seen what was considered inevitable: a German all-metal monoplane fighter design. When it did come, Mitchell
         and his team were well aware it was likely to make use of the expertise in all-metal design and construction available in
         Germany. In November 1934 Mitchell sent Beverly Shenstone to the Paris Air Show, where he closely examined the He 70; he admired
         the Günter brothers’ streamlined wooden cantilever elliptical wing design, ran his hand over the fuselage’s fine low-drag
         flush riveting and felt the cool touch of its lightweight high-magnesium-content alloy skin. The He 70 mutely asked the uncomfortable
         question: what do you get if you make a smaller version and arm it? Likely, something that would be able to sweep the skies
         of the RAF’s biplane fighters. Ralph Sorley, then a squadron leader serving in the Air Ministry, recalled, ‘The point came
         when Mitchell saw, I think more plainly than anybody else at that time – and mark you it was 1934 – that German aircraft design
         effort was something that we were going to feel and suffer from.’32

      
      In November 1934, Mitchell made the decision to use the Rolls-Royce engine in his design. By the end of the year, Mitchell’s
         team had prepared detailed drawings of the Type 300. On 1 December, Supermarine received a £10,000 contract for the Type 300
         from the Air Ministry. The project had been funded. Any doubts that the RAF had about Mitchell’s design were put aside on
         5 December, when Mitchell came up from Southampton to the Air Ministry in Kingsway, London, for a meeting, accompanied by
         Alan Clifton carrying the design drawings. For all Robert McLean’s perception of having to force an outside design on a bureaucracy
         entrenched in the biplane era, Mitchell now sat across the table from RAF officers and civil servants committed to building
         monoplane multi-gun fighters. No objections were raised to Mitchell’s choice of the PV 12 (Merlin) engine for his design.
         A few weeks later, the RAF issued a specification, F.37/34, written explicitly for the Type 300 and intended to meet the Air Ministry’s
         Operational Requirement OR.17 for an interceptor. In January 1935, construction began on the first prototype.
      

      
      Mitchell now had another chance at building a fighter. His health and the European political situation both appeared clouded.
         He needed to finish the Type 300 before, one way or the other, time ran out.
      

      
      Willy Messerschmitt designs a fighter

      
      In January 1934, Willy Messerschmitt was unhappy. Money was coming in to Bfw. It had made a modest profit of 166,000 Reichsmarks
         in 1933. But the aeroplanes being produced were not Messerschmitt designs. Milch’s bureaucratic empire at the RLM in Berlin
         could succeed in keeping Bfw limited to building other manufacturers’ designs under licence. Messerschmitt might not be invited
         to bid on any of the new Rüstungsflugzeug military aircraft contracts from the RLM.
      

      
      Messerschmitt had received no interest from the RLM beyond the order for six prototypes of the Bf 108. He sought to license
         his designs to Romania. Messerschmitt felt loyalty to the few dozen Bfw employees who had hand-crafted his planes during the
         worst years. Now, over the course of 1933, he hired a larger workforce – about 600 – without their expertise or the links
         of personal loyalty to build other men’s designs. So when an offer of a prestigious appointment as a professor in Danzig arrived,
         Messerschmitt gave it strong consideration.
      

      
      Milch turned his attention to stripping assets – including ownership and management of his aircraft business – from Dr Junkers,
         arrested for treason on 17 October 1933. It seemed Messerschmitt would be next. Milch used Messerschmitt’s proposed deal with
         Romania – in the absence of a German production order – as grounds for an investigation of violation of export laws. The chief
         of C-Amt, Oberstleutnant Wilhelm Wimmer, considered to be the most technologically proficient officer in the RLM and a protégé of
         Wever, led the attack.
      

      
      Messerschmitt called his Nazi friends. He had loaned Rudolf Hess an M 35 aerobatic monoplane, which Hess had used to win a
         major competition. Hess was powerful enough to save Messerschmitt’s friend Theo Croneiss from being murdered along with many
         of his old Bavarian Brownshirt comrades in the Night of the Long Knives, 30 June 1934, as Hitler consolidated power.33 Croneiss switched sides at the last minute.
      

      
      Milch found he had more pressing concerns than Messerschmitt. At the same time as Messerschmitt was discovering that he had
         friends in high places, Milch instead found out that his many personal enemies – his management style tended to create them
         – had spread the word that Milch’s father was Jewish. Theo Croneiss, remembering Milch’s attempts to run his airline out of
         business, compiled a genealogical dossier, complete with photographs of the headstones of Milch’s relatives buried in Jewish
         cemeteries. He shared the fruits of his research with Göring as well as his fellow directors of Bfw.34 As momentum gathered for the purging of anyone with Jewish blood, this intervention appeared timely; in 1934, the German
         military purged itself on its own account, with few protests, and none from the incipient air force, over the seventy officers
         and NCOs dismissed.
      

      
      Milch was faced with ruin. Explaining to Göring, Milch told him that his real father was not his mother’s (deceased, Jewish)
         husband but rather her (suitably Aryan) long-time lover. While Göring saw Milch as a rival, he had a degree of sympathy. Göring
         had been aware of his own mother’s Jewish lover during the many years when Göring’s father, a diplomat and colonial administrator,
         was overseas. With his famous comment ‘I decide who is a Jew’, he signalled that Milch would remain in the inner circle and halted enquiries into Milch’s mother’s
         Jewish background.
      

      
      Göring knew he needed Milch to use his links with the semi-clandestine Weimar aviation industry to build the new National
         Socialist air power. Göring lacked Milch’s managerial experience. Successful and self-assured, Milch had run a large business.
         He could read a balance sheet and make things happen on schedule. Milch now aimed not to take over the German aircraft industry,
         but to prune his own family tree. Göring ensured that, now racially pure, Milch stayed. Milch’s power, increasing in 1933,
         was now overshadowed by that of his boss, to whom he owed his job and, indeed, his life and that of his daughter (who had
         Down’s Syndrome and so was at risk from Nazi euthanasia programmes). This removed a check on Göring’s leadership style, which
         reflected active intelligence combined with loyalty to Hitler, undercut by often spectacular self-indulgence coupled with his near-total
         aversion to technology and ignorance of any advances in aircraft since 1918.
      

      
      Göring’s pre-industrial and post-rational worldview and need to please Hitler at all costs set the tone for many of the decisions
         made with regard to German air power. He was a politician, and only a military leader because Hitler promoted him over the
         heads of the entire officer corps. Yet military men were still responsible for making key decisions on resource allocation,
         intelligence, and technology development. The German military remained dominated by the army and its thinking by the General
         Staff, whose exclusive ranks included few airmen.
      

      
      With Milch preoccupied, Messerschmitt’s friends in the leadership arranged a production order for Bf 108 trainers, soon after
         the first one flew in June 1934. Messerschmitt would build them at his Augsburg plant. He used one of the first, civil registered
         as D-IMTT, as his personal aircraft (‘MTT’ was how Messerschmitt initialled documents). It was a success for the man who had
         sold his car to help keep a padlock off his factory door three years before. He declined the professorship.
      

      
      The Bf 108 proved to be a record-setting, technology-pushing design. Early Bf 108 examples, though, suffered from structural
         weakness. Rudolf Hess had heard about the new design. No one was willing to tell the deputy leader of the Third Reich that
         the aircraft should not be flown. At Staaken, near Berlin, Hess put on a spontaneous aerobatic display and landed with the
         Bf 108 crippled by structural failure but still just in one piece. The Bf 108 design was swiftly modified as the Bf 108B and
         became a classic; some thirty-five years after its first flight, Squadron Leader John R. Hawke, a former RAF aerobatic instructor,
         called it ‘the finest flying machine of its type I have ever flown’.35

      
      But before the drama with Milch had played out and the first Bf 108 had flown, the competition for the new German fighter
         had opened with C-Amt’s issue to Messerschmitt, among other companies, of specification LA 1432/33. Messerschmitt was aware of the detailed designs
         for a monoplane fighter Ernst Heinkel had already passed to CAmt for review. Yet for all the promise inherent in the Bf 108 design, Messerschmitt had never designed a single-engine fighter.
         Messerschmitt at first limited his investment in the new programme to a preliminary design, designated Project P 1034, concerned that the RLM would not fund him to build prototypes. But his links
         to the Nazi leadership and the excellent potential of the Bf 108 could not be ignored by the RLM.
      

      
      When Messerschmitt visited Berlin, flying in to the grass strip at Tempelhof Airport in D-IMTT, he did not need Milch or Wimmer
         to tell him that the RLM thought it knew better. Their offices said it for them. The RLM’s first act upon its formation in
         1933 had been to build a massive 4500-office building, the largest in Europe, on the Wilhelmstrasse. Milch had sent 5000 men
         to clear the site overnight, plans to preserve the previous buildings be damned.36 Quarries throughout Germany had been mined for the marble façade and floors. The seventeen staircases, grand and red-carpeted,
         had gleaming banisters, polished daily, under glowing chandeliers and elaborately patterned ceilings. A great hall allowed
         indoor ceremonies on the model of the Nuremberg rallies. Even the minor offices in this edifice were occupied by self-imagined
         Men of Destiny, for whom failure or mistakes were inconceivable. When it came to measuring themselves against outsiders, no
         matter how distinguished, those who sat at massive desks in the RLM’s office building did not think they had much to learn.
         The massive carved swastika and eagle was inside, in the great hall. When the building opened in October 1935, it was the
         modernist public expression of a regime whose inner nature, timeless as torture and hunger, was revealed by the opening for
         business of Dachau in 1933.
      

      
      Milch did not think he had to worry about Messerschmitt winning the competition. He had already taken a good look at the He
         112 design, which Wimmer favoured. Milch thought that having Messerschmitt in the competition would motivate others to improve
         their performance and lower their prices; he had no desire to see Ernst Heinkel, whom he considered a prima donna, sweep the
         competition.37 Milch told Gerhard Geike, head of the RLM’s technical centre at Rechlin, where the competing designs would be evaluated, he
         ‘was not keen on going along with Messerschmitt, but in the end he gave in’. General Wever, impressed by the Bf 108B’s performance,
         wanted to see what Messerschmitt could do with a fighter design. Göring wanted to develop the aircraft industry in Bavaria,
         to include ‘a very fast courier aircraft that need only be a single seater’, a necessary euphemism for a fighter, still banned under the Versailles Treaty.38 But Göring made it clear that while he wanted fighters built in Bavaria, they did not have to be designed there; the building
         of Heinkel designs under licence was acceptable. Milch went along, adding: ‘Nothing much will come of it, but, as a pike in
         a carp pond, Messerschmitt may be quite useful.’39

      
      A head-to-head competitive evaluation and fly-off would decide the winner between the prototypes. In February 1934, Messerschmitt,
         Heinkel and Arado each received contracts from the RLM for three proto types, to be powered by Junkers Jumo or BMW 116 in-line
         engines, both then still in development. Messerschmitt attributed his inclusion to the military’s desire to access the best
         aircraft technology: ‘Wever, a very intelligent man, saw to it that I got the contract without any preconditions attached
         and that I was able to build an airplane as I imagined a fighter to be.’40 A fourth manufacturer, Focke Wulf, received a development contract months later. With the RLM contract came an official designation
         for Messerschmitt’s new fighter: the Bf 109. From then on, it would be known to the Germans simply as the ‘one-hundred-nine’.
      

      
      Everything was at stake for Messerschmitt. Considering Milch’s dislike and Heinkel’s strong position, his design would be
         an underdog. The winner would take home production contracts for an unprecedented number of aircraft. The losers would potentially
         be marginalised, reduced to building other firms’ designs, or, at worst, treated as Dr Junkers had been, with the RLM taking
         everything, including their name.
      

      
      Messerschmitt distrusted C-Amt’s wisdom about Germany’s modern fighter design: ‘I studied the requirements in detail and went back to Berlin, where I told
         the gentlemen that the specifications were not to my liking. Such a fighter would never be able to bring down a bomber embodying
         the latest technological advances.’41 Messerschmitt and his team, led by Lusser, Rethel and Bauer, with Kokothaki handling management, had no access to the RLM
         and their wisdom. They therefore designed their fighter as they thought fit. Messerschmitt took a hands-on role in the design.
         The Messerschmitt fighter design was small, light yet aerodynamically highly efficient. Intended to use the Jumo, Messerschmitt
         ensured that the design would be adaptable to a better engine when one became available. Messerschmitt stressed lightness and ease of construction, ‘a true application of light construction
         principles: minimal dimensions, minimal surface area, lightest materials, equal distribution of stress loads, and above all
         using a single component for multiple functions … It also led to simplification of construction. In spite of its extremely
         light weight, we were able to keep construction time down … requiring fewer man-hours per kilogram of weight to build than
         any contemporary design.’42

      
      In May 1934 a basic mock-up of the new fighter was completed. A low-wing monoplane, its state-of-the-art elements included
         an outwardly retracting undercarriage, an enclosed cockpit and a radio. For lightness and ease of production, old-technology
         approaches were also used. The horizontal stabilisers were externally braced with struts. The tailwheel was non-retracting.
      

      
      The new fuselage design was built in two halves, joined along the centre line, and used monocoque stressed-skin construction
         (as had Mitchell’s design). Structural loads were carried by the 0.6mm-thick aluminium skin. The fuselage had no load-carrying
         structure other than the firewall, which was where the two legs of the cantilever undercarriage (an innovation on the Bf 108),
         the engine and the main spar pick-up points were all attached. A fuel tank, below and behind the cockpit, and a radio behind
         it could both fit inside the fuselage.
      

      
      Messerschmitt knew that, with a given source of engine power, speed can be increased by reducing wing area, hence less drag.
         But a smaller wing area created a higher wing loading, hence less manoeuvrability, and higher landing speed (with a smaller
         wing, an aeroplane has to fly faster to generate the minimum amount of lift to keep it in the air). Messerschmitt had been
         one of the first designers to introduce the single-spar metal wing; the new fighter’s main spar was a single aluminium I-beam,
         positioned near the leading edge of the wing.
      

      
      Messerschmitt decided to use thin, tapering wings. He kept weight down by thinning the covering, from 1.4mm thick at the root
         down to 0.7mm at the tip. The C-Amt specification’s armament of two machine guns and an engine-mounted cannon (firing through the propeller hub) could all be
         concentrated in the nose rather than accommodated inside the wing. With no provision for guns, the wings could be kept light
         and easily removable because they did not have to support the retractable undercarriage, attached to the fuselage structure at
         the firewall. To keep the wing design light and low-drag, Messerschmitt accepted a higher wing loading.
      

      
      To compensate for higher wing loading and get the maximum in manoeuvrability from the thin, simple light wing, the landing
         speed could be reduced by slotted flaps, lowered from the trailing edge of the underside of the wing on approach to landing,
         effectively creating more lift and drag. The leading-edge slats smoothed the airflow going over the wing as it approached
         a stall (caused when air is not moving fast enough over the wing to generate lift). This generated more lift, reducing landing
         speed, and allowed the pilot better control in a tight high-performance turn than would have been possible without slats.
         Automatic (self-deploying) leading-edge slats had been originated in Britain by Handley Page. Messerschmitt himself had met
         Sir Frederick Handley Page and the German designer of the slats, Gustav Lachmann, back in the 1920s. Since then he had been
         convinced of the potential value of leading-edge slats. Mutual licensing had been agreed over ‘a liter of good German beer
         in a beer garden in Frankfurt’, Messerschmitt recalled.43

      
      The specification showed that the RLM was concerned about spin performance, and with good reason. With the potential higher
         performance of all-metal aircraft, pilots were likely to black out during intense manoeuvring and lose consciousness. This
         was exacerbated at high altitude, where the 1920s-technology oxygen masks then used in Germany often slipped off and did not
         provide a reliable flow under the pressure of several times the force of gravity. It was important to the RLM that if a fighter
         went into a spin, through the pilot having blacked out or stalled during too tight a turn, he could easily recover even if
         he was blacked out for several turns. Though any fighter plane could expect to stall during air combat manoeuvres, it was
         important to be able to recover; fighter planes needed to be flown to their design limits.
      

      
      While no single element of the Bf 109 design was original, the way Messerschmitt and his team pulled it all together and reduced
         drag and weight while simplifying construction amounted to a considerable advance. Early 1930s all-metal aircraft had over-designed
         structures; the DC-2 and DC-3 will never wear out. Such structures were acceptable on transports or even bombers, which had to carry heavy
         loads but not fly at high speed or dogfight. Fighters had remained biplanes into the 1930s because monoplane wings that would
         not fail under the stresses of air combat manoeuvring had to be so big that an early 1930s engine could not make them fly
         fast enough to achieve a fighter’s required level of performance. Messerschmitt, undeterred by the history of structural failures
         of his all-metal aircraft designs, created what was effectively a ‘light fighter’. This, along with the promise – for that
         was all it was – of more powerful engines from German industry, allowed Messerschmitt to turn the basic Bf 108 design into
         the Bf 109 fighter.
      

      
      Messerschmitt’s team had an advanced mock-up ready in January 1935. Greater haste was apparent throughout the German aircraft
         industry. Its overall rate of production increased to 265 aircraft a month by 1935, almost nine times what it had been just
         two years before.44 In January 1935, Milch announced a further plan to increase production to 526 a month by 1936.
      

      
      On 1 March 1935, the Luftwaffe officially abandoned its clandestine status. The new service started co-equal with Germany’s
         army and navy. Its 20,000 personnel, most of them highly trained aircrew and technicians, would be reinforced by the reintroduction
         of conscription. The ‘airline’ training school where Galland had learned to be a fighter pilot became a military training
         base with just a change of signage and uniforms.
      

      
      While Milch had guided the RLM in 1933–4, Göring, new commander-in-chief of the Luftwaffe, saw himself as the central figure
         in all of German aviation. His considerable intelligence and wartime experience as a fighter pilot, however, was tempered
         by his limited understanding of both the technology and the operations of modern military aviation. Göring was interested
         in reporting to Hitler only the number of combat aircraft. He did not care much about sustainability, strategy, tactics or
         investing in the future. The Luftwaffe did have the benefit of a small cadre of highly professional staff officers transferred
         from the army, including General Walther Wever, but this led to enduring tensions in the Luftwaffe. The high-level staff officers
         were not aircrew and the aircrew were not staff officers.
      

      
      
      The first prototype of Messerschmitt’s fighter, the Bf 109V1 (Versuchs, experimental), was completed in May 1935. But the Junkers Jumo 210 engine was not ready. Messerschmitt had never been happy
         with the Jumo. It did not provide enough power for its weight and size to be other than an interim powerplant for Messerschmitt’s
         fighter. Dr Junkers’ heirs – Messerschmitt’s old friend had died, under house arrest, in March – were ‘persuaded’ to transfer
         their remaining interest in the aviation business to the RLM for a fraction of its worth. The new RLM-owned Junkers would
         be responsible for future development of the engine.
      

      
      Messerschmitt had, from the inception of the Bf 109 design, planned on its ultimate powerplant being the advanced design Daimler-Benz
         had been working on for years, a twelve-cylinder inverted-V in-line engine. In 1933, they had received RLM funding and an
         order for six prototypes, but it had yet to be tested. Taking a risk on this unproven technology, Messerschmitt pressed the
         RLM to accept the Daimler-Benz DB 600 series engine as an alternative power source for his original Bf 109 design. But the
         specification remained for the Junkers Jumo, with the BMW 116 – rather than the Daimler-Benz that Messerschmitt wanted – the
         only approved alternative engine.45 Until Daimler-Benz could prove its design, Bf 109s had to be built with Jumo 210 engines.
      

      
      No Jumos, BMWs or DB 600s were available for the impending competition for Germany’s new fighter. For a short-term solution,
         the RLM turned to Britain and acquired four of Rolls-Royce’s latest 695 hp Kestrel VI V12 in-line engines by trading a He
         70. This gave Milch another opportunity to thwart Messerschmitt, concerned that his engine would be allocated elsewhere or
         received too late.
      

      
      In the end, two of the engines went to Messerschmitt, the others to competitors. The Augsburg factory modified the Bf 109V1
         to accept the Kestrel VI. The British engine, lacking a suitable constant-speed propeller, used an old-style two-bladed wooden
         fixed-pitch propeller. The Bf 109’s design called for an inverted engine, but the Kestrel fitted better upright.
      

      
      While these changes were going on, Ernst Udet visited Messerschmitt at Augsburg. He sat in the Bf 109V1 prototype. If this
         was the future of German fighter aircraft, Udet was not buying it. He disliked the enclosed cockpit. The retractable landing gear design was
         unreliable. Udet (like many contemporaries) saw no value in monoplanes except as airliners or bombers.46 Pulling himself out of the cockpit, he slapped Messerschmitt on the back. ‘Messerschmitt, this will never make a fighter
         … A fighter pilot must feel the speed and the one wing you’ve got there needs another above it with struts and wires between
         … then it will be a fighter.’47 This, from Germany’s greatest living fighter pilot!
      

      
      The Bf 109V1 first flew on 28 May 1935 from the Bfw factory at Augsburg, with Messerschmitt’s senior test pilot, Flugkapitan48 Hans ‘Bubi’ Knotzech, at the controls: five months before the Hawker Hurricane’s initial flight and ten months before the Spitfire
         took to the air. But Messerschmitt was more concerned with his German competitors than potential foreign rivals.
      

      
      Udet rejoined the Luftwaffe in June 1935. In February 1936, he became Inspector of Fighters and Dive Bombers. In June, Göring
         appointed him the head of the RLM’s Technical Office, with authority over the C-Amt, using him to remove Milch’s control over the production and technical decisions of Luftwaffe expansion. Having an old friend
         in the RLM was obviously beneficial for Messerschmitt.
      

      
      After the Bf 109V1’s flight tests were completed at Augsburg in September 1935, it was sent to the RLM’s Erprobungstelle (proving centre) at Rechlin. In the autumn of 1935 Rechlin was a vision of the new and the modern, where every day the old
         world – of the Versailles Treaty and biplanes and German humiliation and exclusion from both European power and dominance
         in military aviation – was being washed away. Hitler’s new Germany and Germany’s new air force had arrived together to shake
         the world.
      

      
      On its flight from Augsburg to Rechlin, the Bf 109V1 landed to refuel at a Luftwaffe fighter field at Doberitz. Adolf Galland,
         now a Luftwaffe Leutnant flying biplane He 51s, saw it. He knew immediately that this was the plane for him. As a champion glider pilot, he appreciated
         the thin tapering wings and the low-drag design. Galland sat in the cockpit, viewing the enclosed canopy with suspicion. Knotzech
         told him, ‘we would not need any more visibility rearwards, because no one could attack us from the rear on account of our
         superior speed’.49

      
      
      Galland persuaded Knotzech to fly the Bf 109V1 in a mock dogfight against Galland in his He 51. Galland’s training emphasised
         dogfighting. His commanding officers, Great War veterans, insisted on having dozens of fighters simulating close combat, turning
         to get behind each other. Knotzech, he said, ‘though a brilliant test pilot, was without any air combat training or experience.
         Consequently he did not make the right use of his superiority in acceleration, speed, and climb.’50 Galland resolved that, if he ever flew the Bf 109 in combat, he would not make the same mistakes.
      

      
      At Rechlin, RLM, Luftwaffe and company test pilots turned out to watch the new Bf 109V1 arrive. The favourite in the competition,
         the He 112V1, had already been test flown. Knotzech made a flawless approach and gently landed the new light grey fighter.
         The main wheels gently touched the runway together. And then: disaster. Its left main undercarriage leg broke. As Heinrich
         Beauvais, a Rechlin test pilot, saw, ‘The aircraft stood straight up on its nose, hesitated, and then decided to fall back
         onto its belly rather than completely nose over.’51 Knotzech was able to keep the Bf 109V1 from suffering substantial damage. Repairs were soon made, but it was a terrible way
         to begin the competition.
      

      
      In the weeks that followed, Knotzech demonstrated the Bf 109V1’s speed; capable of 467 km/h (290 mph), it was 27 km/h (17
         mph) faster than the He 112V1. But this was a fighter evaluation, not an air race. When Knotzech flew the Bf 109V1 back to
         Augsburg, the He 112V1 was still the favourite. Messerschmitt, furious at the crash, fired Knotzech and supervised the hurried
         completion of another prototype. Unless Messerschmitt could turn the competition around, the ‘pike in the carp pond’ would
         only give the RLM better bidding leverage with Heinkel.
      

      
      The Spitfire emerges

      
      At a meeting between the pair in March 1935, Hitler told the British foreign secretary, Anthony Eden, that the Luftwaffe already
         equalled the RAF in striking power. Within two months, the British government announced a new expansion plan, Scheme C, with
         a goal of 112 squadrons by 1937.
      

      
      
      At the same time, the Italians started to reinforce their army on the border of Ethiopia in preparation for their eventual
         invasion of that country, making them another potential enemy. The British Mediterranean Fleet’s main base at Malta suddenly
         looked vulnerable in the face of Mussolini’s much-publicised air power. The RAF, with no interceptors available to defend
         Malta, considered it the Royal Navy’s problem. Without effective air defences, its ships withdrew to Gibraltar and Egypt.
         How Malta would be defended from air attack went unresolved.
      

      
      Mitchell’s work on the new Type 300 fighter went on as the Type 224’s flight test programme continued. Evaluated by the RAF
         at Martlesham Heath, the Type 224 failed to offer the improved performance the RAF wanted, just as Mitchell had thought it
         would. In July 1935 the RAF ordered the Gloster Gladiator biplane fighter, which could at least be built immediately. This
         was an improved version of the Gloster Gauntlet fighter with flaps, an enclosed cockpit, a radio and four machine guns. Some
         thought even the Gladiator used too much new technology. The commander-in-chief of the ADGB, Air Marshal Robert Brooke-Popham,
         opposed the Gladiator’s enclosed cockpit.
      

      
      It was accepted that the Gladiator was a stopgap until the sort of fighter envisioned the year before in Specification F.37/34
         could become a reality. The Type 300 and a corresponding specification written around Sydney Camm’s Hurricane design were
         to be fighters with a top speed of greater than 300 mph and a maximum ceiling of more than 30,000 feet. This required a streamlined
         design with a retractable undercarriage. Their structures had to be strong enough to manoeuvre at high speeds, with an airframe
         capable of holding up under stresses several times the force of gravity.52 Enclosed cockpits and oxygen were required for high-altitude flight. A radio would be required to communicate. But the new
         fighters needed to be flyable by service pilots and to operate off RAF stations’ short (4000 feet or less) runways, usually
         of grass. Good low-speed performance and low landing speed required flaps to be included in the design.
      

      
      There were now two modern fighters being designed for the RAF, both powered by the Merlin engine. But the Hurricane differed
         from the Spitfire in that it also used partial wood-and-fabric construction stiffened by metal tubes. It could be built by the current workforce, used to old-technology aircraft, without as lengthy
         a learning curve. The Hurricane’s designers were not trying to push the outer limits of mid-1930s airframe technology. Camm
         had a larger design team than Mitchell. The Hurricane would be ready for production first.
      

      
      The two new RAF fighters would also share the same armament. The RAF had come to the conclusion that a fighter needed to fire
         a thousand .303 bullets in two seconds to bring down the modern bombers that would be its primary target. Dogfights with other
         fighters, as in the Great War, were seen as less likely, considering the high speed of modern aircraft. It was strategic bombing
         that threatened Britain, and the fighter’s mission was to protect against it.
      

      
      Squadron Leader Ralph Sorley, in the Air Ministry’s Operational Requirements Branch, became the most vocal advocate for any
         new fighter to have an armament of eight .303-calibre machine guns in the wings, so they did not have to be synchronised through
         the propeller. This would increase the rate of fire, but decrease its concentration and make aiming more problematic (the
         guns were no longer in front of the pilot’s gunsight).53 He encountered high-level opposition – Brooke-Popham had said in July 1934 that an eight-gun armament was ‘going too far’
         – but more of those in charge eventually supported the enhanced armament. While the Hurricane’s thick wing easily accommodated
         eight guns and enough ammunition for fifteen seconds’ firing, it was difficult to incorporate them into the thinner, tapering
         wings that Mitchell had been planning for the Type 300. Sorley proposed firing trials of an eight-gun armament in December
         1934. While he later recalled encountering high-level opposition, the concept was quickly approved in the Air Ministry and
         was being tested within months.
      

      
      In spring 1935 the RAF made it clear it wanted to arm the Type 300 with eight machine guns. A new specification, F.10/35,
         issued for comment only, suggested that this was to be an interim step and that future fighters would be armed with multiple
         cannon. At the final mock-up conference in May 1935, the Air Ministry’s Operational Branch made its case for an armament of
         eight machine guns and this was accepted. Mitchell abandoned the tapering wing for an elliptical wing to accommodate the increased
         armament along with the retractable undercarriage. The wing’s chord – its width from leading to trailing edge – was longest at the wing root, where
         it was attached to the fuselage, contributing to greater structural strength. This reduced wing loading, increasing speed
         and manoeuvrability; a 10 per cent increase in wing area, for a fighter, could mean the difference between excellent and adequate
         manoeuvrability. It also provided space inside the wing, where Mitchell intended to put the multi-gun armament.
      

      
      Mitchell and Shenstone had decided they wanted to keep the wing thin. This would reduce drag and improve airflow at high speeds,
         providing better high-speed performance. An elliptical design seemed the best way to reconcile a thin wing with the need to
         accommodate not only a retractable undercarriage but also internal space for heavy armament, plus additional wing area for
         high manoeuvrability. Elliptical wing designs were not revolutionary on fighters; they had been used by the Günter brothers
         in Germany and Alexander Kartveli in the US. Mitchell told Shenstone, who had pushed for an elliptical wing design, ‘I don’t
         give a bugger whether it’s elliptical or not, as long as it covers the guns.’54 The Spitfire wing (13 per cent of chord at the thickest point) was thinner than that of the Bf 109 (14 per cent) and much
         thinner than the Hurricane (19 per cent). Deciding on a thin wing would minimise drag at high speeds.
      

      
      For the wing design, Mitchell and his team were reaching beyond the evidence provided by wind tunnel tests. ‘We made hardly
         any use of wind tunnel testing in evolving the shape of the new fighter,’ Beverly Shenstone wrote.55 Mitchell was relying on the experience of the high-drag Type 224 and his own judgement. He was turning away from his S.6B
         Schneider Cup design, straight lines faired into other straight lines with a simple box spar, and instead used compound curves
         for the elliptical wing and its fairing to the fuselage, relying on a complex ‘leaf spring’ spar to provide strength. Working
         under pressure of the deteriorating international situation as well as his deteriorating health, Mitchell did not explain
         his design decisions to the team, nor to the Air Ministry. It was their specification, but his design.
      

      
      The design of the fairing where the wing joined the fuselage was important to the handling of low-wing monoplanes. Mitchell’s
         design for the wing and its fairing would allow control in high-speed stall conditions (as might be considered in future air combat manoeuvres), Mitchell effectively anticipated that the problem of
         high-speed stalls would be encountered by a high-performance modern fighter. With the Spitfire’s wings joining the fuselage
         at an angle – another one of the compound curves that literally shaped the aircraft – a pilot would better feel the initial
         severe juddering as it started to stall, giving greater control, as a juddering Spitfire was still in full control and able
         to turn tightly on the brink of a stall.56

      
      It also appeared to Mitchell that the design would offer advantages in maintaining control if it encountered the recognised
         but little-understood transonic phenomena that made an aircraft uncontrollable as it approached the speed of sound. This seemed
         to impose an absolute limit on the speed an aircraft could achieve, even in a dive, hence the term ‘sound barrier’. But the
         wind tunnels Mitchell had access to were unable to achieve such speeds. This advantage could only be demonstrated on paper.
      

      
      ‘“Joe” Smith, in charge of structural design, deserves all credit for producing a wing that was both strong enough and stiff
         enough within the severe volumetric constraints,’ Shenstone recalled.57 The ‘leaf spring’ design of the main spar, the wing’s structural support, consisted of five overlapping boxes of high-grade
         aluminium at the wing root, gradually thinning down to a single box at the wing tip. This gave structural strength at the
         wing root and flexibility at the tip. It was a brilliant design, but few industrial machines in Britain could produce such
         aluminium structures, and, like the wing-fuselage joint, it added to the difficulty of construction.
      

      
      Forward of the main spar, Mitchell’s team designed what was essentially a rectangular aluminium box for strength. This was
         faired over with light-grade aluminium to form the wing’s leading edge and outer skin. In addition to carrying the new fighter’s
         armament, its wings would also carry the engine’s radiator and oil cooler on the underside. Split flaps were built in under
         the trailing edge.
      

      
      To accommodate the weight of the eight guns without reducing performance, other elements of the design were lightened. This
         included reducing the maximum fuel capacity from ninety-five to eighty-five gallons, all in the fuselage, and dispensing with
         any plumbing for external fuel tanks.
      

      
      
      Mitchell’s design for the Spitfire gave it an advantage over the Bf 109. It was physically larger, with a wingspan 10 per
         cent longer, had a greater wing area and a deeper fuselage. Yet Mitchell was able to reduce the Spitfire’s drag until it was
         almost equal to that of the smaller Bf 109.58 The Spitfire was all compound curves where the Bf 109 was linear and angular. The Spitfire design minimised drag, but its
         complex structure – especially the elegant, precisely curved, elliptical wings – meant it would be more difficult to build.
      

      
      The prototype Hurricane first flew on 6 November 1935. After the November 1935 election, which left the National government
         under the Conservative Stanley Baldwin in power but with a reduced majority, the RAF approved its new expansion Scheme, ‘Plan
         F’, in February 1936. Its goal of 107 squadrons would now be sustained by planning for spare parts and reserve aircraft. Perhaps
         most importantly, it recognised the vital importance of expanding the British aircraft and engine industries. Lord Swinton,
         the new secretary of state for air, created the ‘shadow’ factory scheme, where each existing factory would help create a second
         factory as its shadow, located away from the threat of enemy air attack.59 These factories would be built at government expense. Some would be managed by car manufacturers; they had greater experience
         of mass production than the aircraft industry, which relied on hand-crafting. Rolls-Royce started shadow engine factories
         at Crewe, Manchester and, later, Glasgow, the latter set up by Ford to build engines on an assembly line rather than maintaining
         the traditional reliance on craftsmen. While work started on the construction of factory buildings and scarce machine tools
         were ordered, the aircraft manufacturers’ network of subcontractors and experience in building to Air Ministry specifications
         proved harder to duplicate. Industrial weakness limited expansion.
      

      
      Despite the failure of the League of Nations, the 1935 Anglo-German naval agreement had revived hope that negotiations would
         succeed. Trade as well as talk continued between the two countries. The Spitfire might not be part of the RAF’s rearmament
         programme; it might not even be funded.
      

      
      The prototype Type 300 took shape at Supermarine’s Woolston plant. In February 1936, it started ground tests. The Air Ministry
         named it ‘Spitfire’, the name which McLean had previously tried to give to the Type 224. ‘Just the sort of bloody silly name they would choose’ was Mitchell’s reaction. The prototype Spitfire was dismantled
         and taken by lorry to nearby Eastleigh Airport. Its first flight was on 5 March 1936, with Supermarine’s veteran test pilot
         Joseph ‘Mutt’ Summers at the controls; the plane was fitted with a two-blade fixed-pitch wooden propeller and its undercarriage
         was fixed down (they had not yet checked out the retracting mechanism). Mitchell and most of the team watched the hour-long
         flight. Those who were there recalled Mitchell’s tension as his design started its engine, taxied out and took off. Joe Smith
         recalled, ‘Although he witnessed the first flights of so many aircraft he never grew accustomed to it.’ Mitchell did not relax
         until Summers had safely landed, the engine had been switched off and the wheels chocked. Summers’ first words were ‘Don’t
         change a thing.’
      

      
      In the weeks that followed, the Spitfire was flown by Summers and his colleague Jeffrey Quill, who had flown with the RAF.
         Supermarine’s test pilots, like their counterparts worldwide, were an indispensable part of the design team.60 Their position had evolved from daredevil pilots before the Great War to the design teams’ eyes in the cockpit. Technology
         to monitor and record performance of aircraft instruments in flight was rudimentary – some instrument readings were recorded
         on paper rolls – so the design team relied on the judgement of the test pilots. They quickly demonstrated the Spitfire’s potential.
         One test flight achieved a speed of 430 mph in a dive.
      

      
      Mitchell valued the test pilots’ reports and insisted on having them verbatim, not ‘edited’ by his team. Sorley recalled,
         ‘He could talk pilots’ language, could understand the pilots’ feelings and expressions and generally speaking you could get
         on with him. He could understand what you thought about it and he would tell you what it all meant.’61 Mitchell told Quill, ‘Look, I’ll give you a bit of advice, Jeffrey. If anybody tells you anything about aeroplanes which
         is so bloody complicated you can’t understand it, take it from me, it’s all balls.’ Quill went on to become one of Britain’s
         most successful test pilots.
      

      
      Mitchell continued to plan ahead about what would need to change when the Spitfire was developed. On 29 March, less than a
         month after the first flight, he issued an internal specification to start designing a version of the Spitfire armed with
         20mm cannon in response to Air Ministry Specification F.37/35, issued on 15 February 1936, to meet Air Ministry Operational Requirement OR.31 for a day and
         night fighter for home defence or overseas operations.62 Many manufacturers submitted designs to this specification. It appeared possible that whatever aircraft was selected could
         expect more extensive production than the current Spitfire. By submitting a cannon-armed Spitfire, Mitchell was already envisioning
         such fighters as the eventual replacement for the current eight-machine-gun Spitfire.
      

      
      The prototype Spitfire finished its initial testing at Eastleigh. On 26 May 1936, it was delivered for evaluation by the RAF
         at the Aircraft and Armament Experimental Establishment at Martlesham Heath. Flight Lieutenant Humphrey ‘EJ’ Edwards Jones,
         an RAF test pilot at Martlesham Heath, was put on alert to start flight testing within minutes of the Spitfire’s delivery
         and to call the Air Ministry directly after the first Spitfire flight by an RAF pilot:
      

      
      
  
         At about 4:30 pm, ‘Mutt’ Summers, the firm’s chief test pilot, brought K5054 in and at about 5:30 pm, I took off after a thorough
            briefing from ‘Mutt’ … I flew the aircraft for about 20 minutes and found it delightful to handle and no problems in normal
            flight … It was not until I was on what is now known as ‘finals’ [final approach to landing] that I remembered something was
            missing and that I had not lowered the undercarriage! I decided at first to open up [the throttle] and go around again, but
            before doing so put the undercarriage lever into ‘down’ and as the wheels came down with a satisfactory clonk, decided to
            carry on with the landing which was easy and normal.
         

      

  

      
      Edwards Jones had come perilously close to bringing the Spitfire programme to a halt by inadvertently belly-landing the only
         flying prototype. On landing, he called the Air Ministry. He was switched through to the chief of RAF research and development,
         Air Marshal Sir Wilfrid Freeman. Air marshals did not normally spend spring evenings waiting in their offices for pilots’
         phone calls. Sir Wilfrid asked, ‘I know you can’t tell me what the aircraft does after one short flight. All I want to know
         is, do you consider that the novice pilots that we are going to get into the RAF under the expansion scheme would be able to cope with such an advanced aircraft?’ Edwards Jones, the highly
         experienced pilot who had minutes before come close to wrecking the Spitfire, replied, ‘Yes, provided they are given adequate
         instruction in the use of flaps and retracting undercarriages.’63

      
      Despite his worsening health, Mitchell came up to Martlesham Heath for the official trials on 8–9 June 1936. The RAF’s report
         was that ‘The aeroplane is simple and easy to fly with no vices. All controls are entirely satisfactory … can be flown without
         risk by the average full trained fighter pilot.’64 On 3 July 1936 the Air Ministry issued Supermarine a £2 million contract for 310 Spitfire Is, part of Expansion Scheme F.
         Specification F.16/36 was issued for these production aircraft. This followed the first production order for 600 Hurricanes;
         all were to be ready by March 1939.
      

      
      Now came the hard part: the size and scope of the order, while gratifying in that it marked the success of the Spitfire, was
         also overwhelming. Supermarine’s factories had fewer than 500 employees and still hand-crafted aircraft, mainly biplane amphibians
         and flying boats that were nothing like the Spitfire. Initially, Supermarine was supremely confident that they could handle
         even a huge order of new-technology Spitfires by themselves. But they were unable to present the Air Ministry with a coherent
         statement of how they were actually going to carry this out. Instead, the Air Ministry directed Supermarine to make maximum
         use of subcontractors in Spitfire production, with Supermarine concentrating on final assembly. But subcontracting would be
         problematic. Much of the British aircraft industry was already committed to contracts from earlier RAF expansion schemes.
         While orders had massively increased, the numbers of machine tools and skilled workers had not. Engine production was another
         bottleneck. Many different designs would be effectively competing for every Merlin that Rolls-Royce could produce at their
         Derby factory.
      

      
      Getting the Spitfire into production and into the hands of the RAF would require close cooperation between the design team
         and the factory, making changes so that components could be subcontracted out and then reassembled. Night after night, when
         Mitchell had not come home for dinner and was not answering his phone, his wife Florence called Vera Cross at her desk. She would search him out, in the drawing offices or on the factory floor, and tell him it was
         time to go home.
      

      
      Even at this stage, the Spitfire was not Mitchell’s only project. He was also working on a bomber design. Like Willy Messerschmitt,
         a man he had never met, Mitchell had always prided himself on his ability to design many types of aircraft. Despite his doctor’s
         orders, Mitchell worked longer and longer hours.
      

      
      The Bf 109 competes

      
      As the first Bf 109V1 prototype was being evaluated at Rechlin, Messerschmitt was at work on the second prototype, the Bf
         109V2, powered by a prototype Jumo 210A 610 hp engine and first flown in October 1935. The Bf 109V3 followed. It was the first
         prototype to mount armament – two synchronised 7.92mm machine guns – in the cowling. Still, no engine was available for it
         until another Jumo 210A was hand-made in May 1936.
      

      
      The Bf 109V2 went through the acceptance trials at Rechlin, and in March 1936 flew to Travemünde on the Baltic, where its
         main competitor was already in residence for the first-stage competitive fly-off. The Heinkel He 112 was still the favourite.
         The all-metal He 112 used a version of the He 70’s elliptical wing. This gave it lower wing loading than the Bf 109, providing
         better manoeuvrability and lower landing speed. Its thicker wing could accommodate a robust, outward-retracting undercarriage.
         The He 112V2 prototype retained an open cockpit. Ernst Udet had flown it and liked it. A number of countries were already
         interested in export sales. But Germany was starting to run short of money for aeroplane-building.
      

      
      The two other competitors arrived at Travemünde in early March. The Arado Ar 80 was the German equivalent of Mitchell’s Type
         224, underpowered, with a gull wing and a fixed undercarriage. Attracting more interest was the Focke Wulf Fw 159, designed
         by their chief designer, Kurt Tank. He had eschewed the low wing of all the other designs for a high parasol wing, intended
         to preserve the advantages of a biplane fighter and provide good visibility. At the last minute, Focke Wulf’s design team
         – Tank had relinquished the project after setting out the original concept – had added a retractable undercarriage attached
         to the fuselage. When the undercarriage collapsed, it put the Fw 159 out of the competition.
      

      
      As the flying evaluation started, the Bf 109V2 proved surprisingly capable in comparison with the He 112V2. Messerschmitt’s
         lightweight design approach had paid off. Although both fighters were powered by the same engine, the lighter Bf 109 demonstrated
         a higher rate of climb, top speed (17 mph faster), speed in a dive, and a greater rate of roll. The Bf 109 design offered
         greater ease of construction, especially in comparison with the He 112V2’s elliptical wing. The Bf 109 required significantly
         fewer rivets and less building cradle and jig work to complete. Messerschmitt’s light fighter approach had created a design
         that could be mass produced; the He 112’s elliptical wing required extensive use of skilled workers. Heinkel might not be
         able to handle the production of the new Luftwaffe’s standard fighter as well as its twin-engine bombers. The skilled pilots
         flying the Bf 109 at Travemünde did not find the light, narrow-track undercarriage a drawback. What they found most compelling
         was the Bf 109’s excellent low-speed performance, with gentle stalls due to the leading-edge slats and an ability to easily
         recover from a spin.
      

      
      After the company test pilots and the Travemünde test pilots had flown the competitors, the heavyweights had their turn. They
         included Udet, fighter ace Oberst Robert Ritter von Griem (who opposed monoplane fighters), and two senior Rechlin test pilots,
         Karl Francke and Leo Conrad. The RLM relied on their reports. Udet’s and von Griem’s previous concerns about the Bf 109 design
         were overcome after they had flown it. The previous flying trials had assuaged many of Udet’s concerns about the reliability
         of the leading-edge slats (if only one wing’s slats extended, the other wing could stall and the aircraft would spin), the
         enclosed canopy, the narrow-track undercarriage, and poor ground visibility from the cockpit. They recognised that the basic
         design was faster, cheaper to build and easier to maintain than that of the He 112.
      

      
      Spinning and dive pull-out performance remained a major concern. It increased when the He 112V2 was lost; the test pilot had
         bailed out when it went into a flat spin. Messerschmitt followed this by having their chief test pilot, Dr Hermann Wurster,
         demonstrate the Bf 109’s ability to spin and dive safely.
      

      
      
      On 2 March, Wurster took up the Bf 109V2 for a demonstration flight.65 He climbed to 7000 metres, gently spiralling up over the airfield and the Baltic coastline beyond. He was using a cumbersome
         and inefficient old-technology oxygen mask that he had to adjust with care. As he reached his altitude, Wurster tightened
         his shoulder straps and seat belt. He checked that everything was secure in the cockpit. He flew in a gentle circle, looking
         for air traffic. All was right, it was time to go into a dive.
      

      
      He started by performing a half roll, turning the aircraft on its back, reducing the power to idle, and pulled it into a sixty-to
         seventy-degree dive.66 Wurster moved the control stick, with careful movements of the elevator to establish control against the force of the air
         rushing past at high speed. The Bf 109 lacked a rudder trim tab, so he pressed hard on the left rudder pedal to counteract
         torque. As the Bf 109V2 dived steeply, accelerating from gravity, a glance at the airspeed indicator showed Wurster that the
         indicated airspeed was fast approaching 650 km/h (404 mph). The ground loomed up, coming closer second by second. ‘Finally,
         using both hands, I pulled back on the stick and recovered the dive … and had to deal with stick forces that no one could
         expect a pilot in aerial combat or the regular line of duty to handle.’67

      
      Now Wurster encountered the Bf 109’s problems with control response at high speed. He would have had to pull hard on the stick
         before any perceptible change in flight attitude was evident. Then the change became uncomfortably violent. He was pressed
         into the seat.68 The Bf 109’s cramped cockpit – designed to minimise weight and drag – made it hard for the pilot to apply leverage. Increased
         g force demanded greater force to pull back the control stick and get the Bf 109V2 out of its dive. The Bf 109’s control surfaces
         tended to be stiff and hard in order to bite the air. Rechlin test pilot Heinrich Beauvais had also encountered the same difficulty:
         ‘There was very little initial response to the control input and then a sudden and violent over-response. I was able gradually
         to reduce the oscillations and, most importantly, to reduce the speed and pull out of the vertical dive.’69

      
      When Wurster pulled the Bf 109V2 out of its dive, he imposed 7.8 g on its structure. With the maximum force a Bf 109 pilot
         could exert on the controls estimated to be some 40 lb of leverage, he exerted the equivalent of 312 lb of leverage to pull up, demonstrating that the real limit of the Bf 109 was the physical strength of
         the pilot. While the Bf 109’s low, reclined seat reduced the pilot’s leverage, it did make it easier to sustain g forces without
         losing consciousness. In addition to its structural strength, the Bf 109 design had the pilot sitting low in the cockpit with
         his legs thrust out in front rather than in a more conventional chair; this delayed the onset of blacking out in a 5 g turn
         by up to one or two seconds. Because it was difficult for the pilot to apply enough leverage to move the controls in a high-speed
         dive and subsequent pull-out, the Bf 109’s never-exceed limits were set at 750 km/h (466 mph) and 7 g forces.
      

      
      Having demonstrated the Bf 109V2’s diving and pull-up performance, Wurster climbed back to altitude to demonstrate its spin
         capabilities. Again, tighten straps, check the cockpit for anything that could become a lethal missile, do the checklist,
         oxygen to full ‘on’, a clearing turn, and it was time to go again. This time in a spin.
      

      
      Wurster slowed down, pushing back the throttle to idle. As the Bf 109V2 slowed, the automatic leading-edge slats deployed
         and the warning horn sounded in the cockpit. The controls gently shuddered. The plane was now on the edge of a stall. With
         both the rudder and ailerons ineffective, the control stick going forward towards the instrument panel, he pushed the nose
         about ten degrees below the horizon. The left wing dropped and the aeroplane went into a spin. As the Bf 109 started sinking
         towards the ground, whirling around and around like the blades of a helicopter rotor, the 360 degrees of the horizon would
         pass in front of his eyes, revolving slowly at first, but then with ever-increasing speed.70

      
      Wurster went around and around, the first turn steep, with the nose pointing down at the Travemünde airfield below. Next,
         he gently pulled back on the stick. The Bf 109V2 revolved in a flat spin, Wurster watching the horizon whip around through
         the windscreen.
      

      
      He alternated the types of spin until he had put the Bf 109V2 through twenty-one rotations to the right. He pulled back on
         the stick, applied opposite rudder (i.e. opposite to the direction of the spin). Then, with the hand that had been on the
         throttle throughout, he added power – slowly. The aircraft pulled out of the spin.
      

      
      
      Wurster climbed back up to altitude for the third time that flight. He spun the Bf 109V2 again, this time with seventeen rotations
         to the left.
      

      
      None of the Rechlin test pilots had been among the audience for Wurster’s performance, but they soon learned what he had done.
         Word even penetrated the marble corridors of the RLM. The Bf 109V2 had demonstrated it could do everything the specification
         demanded of it.
      

      
      The competition between the Bf 109 and the He 112 now took on greater significance. During the evaluation, the Luftwaffe learned
         that the RAF had flown an all-metal monoplane fighter, the Spitfire, on 5 March. With the Hurricane having flown the previous
         November, the British had two monoplane single-engine fighter designs heading towards production. Germany had none.
      

      
      News of Germany’s reoccupation of the Rhineland on 7 March electrified those evaluating the new fighters at Travemünde. They
         knew that if the French decided to fight, the Luftwaffe lacked the numbers and quality to defeat them, regardless of what
         Germany’s leaders may have claimed. On 12 March 1936, the RLM awarded a pre-production contract for ten aircraft each to Bfw
         and Heinkel.
      

      
      Now the Bf 109 was no longer the underdog, but the favourite to receive a production contract. Heinkel tried to take back
         its favoured position with a new prototype. The improved He 112V4 used a more powerful Jumo 210DA engine, a redesigned wing
         that could accommodate weapons, and an enclosed cockpit. Udet flew the new version. He advised his friend Ernst Heinkel to
         stick to building bombers. Heinkel’s plant was at capacity and having trouble fabricating the He 112’s labour-intensive elliptical
         wings. Udet believed that Germany required a single standard fighter and could not afford to bring a less advanced design
         to production, as the British appeared to be doing with the Hurricane. The He 112V4, not ready for preliminary evaluation
         at Rechlin, could not take part in the Travemünde trials.
      

      
      The final outcome of those trials was that, while Heinkel still had funding to continue to develop the He 112 design, the
         Bf 109 alone was selected for production. The end of the competition was marked by a display at Rechlin where, with Göring
         in attendance, Udet flew the Bf 109V3 prototype in a simulated dogfight in which he ‘shot down’ four He 51 biplane fighters
         and several bombers they were ‘escorting’. This turned out to be one of the most decisive dogfights in history, showing even Göring, ignorant of modern technology, the
         potential power of the modern fighter. After that, no one in Germany argued for fabric-covered fighters.
      

      
      Messerschmitt’s team modified the design of what was now designated the Bf 109B with a Jumo 210 engine. Its armament was increased
         to three 7.92mm machine guns. One, mounted between the cylinder banks on the engine, fired through the propeller hub. But
         the Bf 109B would not be ready until February 1937. It was uncertain how quickly the British would have Hurricanes and Spitfires
         in production. Messerschmitt started building a new factory at Regensburg, after the municipal authorities at Augsburg denied
         him permission to expand the existing plant. The new plant, intended for production lines rather than hand-crafting aeroplanes,
         was designed to reflect the ideal of a National Socialist ‘beauty and labour’ workplace, with modernistic architecture, but
         still depended on a relatively few skilled technicians; it had 530 workers when it opened in 1937.71

      
      The race to create the modern fighter had ended with the decision to go into large-scale production. A new race now began,
         to deploy the modern fighter as an effective element of air power. In this, both Britain and Germany were starting even, with
         a few prototype aircraft. This new race would involve a new set of people. The origins of the fighter had involved first the
         designers, their design teams, and the RLM and the Air Ministry who had the power to fund or quash their ideas. Now, there
         would be aircrew and ground crew in operational units, concerned not with developing technology but using it effectively.
         The aeroplanes themselves would have to be produced in large numbers; this would require many more workers than the few skilled
         craftsmen who had created the prototypes. The new race would be contested by a much wider field, with more opportunities to
         stumble and fall. Both the Spitfire and the Bf 109 designs had been pushed by the new technology, but in this new race they
         would increasingly also be pulled by outside events, by changes in the European political situation, by the needs of the air
         arms that would use them, and by changes in doctrine and tactics. The first to deploy large numbers of modern fighters would
         be able to control the skies over Europe in any future conflict.
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‘The epic struggle between the
Spitfire and the Messerschmitt 109
has found the ideal biographer’ =

ANDREW ROBERTS






