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Timeline

1939



	1 September
	Germany invades Poland. Reginald Jones takes up a post as Assistant Director of Intelligence (Science)


	3 September
	Britain and France declare war on Germany


	1 November
	Hans Ferdinand Mayer types up the document that becomes known as the Oslo Report


	13 December
	German pocket battleship Graf Spee is scuttled after the Battle of the River Plate


	18 December
	German radar spots a bomber raid on Wilhelmshaven. More than half of the twenty-two Wellington bombers are shot down





1940



	21 March
	Jones marries Vera Cain


	8 April
	Germany invades Norway


	10 May
	Churchill becomes Prime Minister


	4 June
	Dunkirk evacuation comes to an end


	21 June
	Jones meets with the cabinet, to convince Churchill of the existence of a German beam navigation system called Knickebein


	5 July
	An intercepted Luftwaffe message boasts of intercepting RAF flights using ‘Freya’


	10 July
	Battle of Britain begins


	1 August
	Josef Kammhuber heads up a new organization tasked with coordinating radar defences of the western approach to Germany. It will become known as the Kammhuber Line


	7 September
	Blitz begins, with three hundred bombers raiding London

	16 October
	Ludwig Becker, a Luftwaffe pilot, shoots down a Wellington bomber at night after being directed to the target by radar operators on the ground


	November
	Charles Frank joins Jones

	6 November
	A Heinkel bomber equipped with the X-Gerät system crash lands on Chesil Beach


	14 November
	Raid on Coventry, directed by X-Gerät





1941



	19 January
	A Heinkel bomber is shot down. A notebook found on board gives key details of a new beam system, Y-Gerät


	February
	The RAF accepts the existence of German defensive radar


	21 June
	Thomas Sneum, a Danish pilot, makes a daring escape in a biplane, carrying radar intelligence


	22 June
	Operation Barbarossa: Germany invades Russia


	8 August
	Ludwig Becker again shoots down an RAF bomber using radar. This time, the radar is carried onboard his nightfighter


	7 December
	Japanese attack on Pearl Harbor, the USA enters the war





1942



	11 February
	The ‘Channel Dash’: two German battleships and a cruiser traverse the English Channel, in a crushing humiliation for the Royal Navy


	15 February
	Fall of Singapore to the Japanese


	27 February
	Operation Biting: the Bruneval raid


	3 December
	An RAF bomber detects Lichtenstein airborne radar being used by the Luftwaffe


	December
	RAF raid on a target in Florennes, using the Oboe navigation system





1943



	30 January
	H2S radar used for the first time, to provide bombers with a map of the ground below


	2 February
	Surrender of the German 6th Army at Stalingrad


	24 July
	First use of Window, in a raid on Hamburg


	3 September
	Italy surrenders





1944



	6 June
	D-Day: the largest amphibious invasion in history is protected by radio countermeasures and feints, deployed by sea and by air


	25 August
	Liberation of Paris


	16 December
	German counterattack, in the Battle of the Bulge





1945



	7 May
	Victory in Europe
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Prologue


‘This was a secret war, whose battles were lost or won unknown by the public; and only with difficulty is it comprehended, even now’

WINSTON CHURCHILL, THEIR FINEST HOUR



21 June 1940

REGINALD JONES WAS LATE.1

This was not an unfamiliar situation for the young scientist. Despite the pressures of the war, the 28-year-old Jones had pointedly maintained a more relaxed schedule. The first messages needing his attention at the Air Ministry near St James’s Park rarely came in before 10 a.m., so why should he arrive earlier?

Unfortunately, however, this morning a message had for once arrived early at his office. On his desk, when he walked in at 10.10, there was a note from Daisy Mowat, his boss’s secretary. It read: ‘Squadron Leader Scott-Farnie has telephoned and says will you go to the Cabinet Room in 10 Downing Street.’

Jones and Mowat did not have a formal work relationship. Once, for instance, she told an important caller that Mr Jones could not come to the phone because he had jumped out of a window. He had to wrest the call from her, and – rather than deny he had climbed out of a window, which would have been an unsportsmanlike way to ruin a good joke – explain that that was just what he did for exercise. So he presumed that this message from Mowat too was a practical joke. As yet unconcerned, he went to check with her. She assured him it wasn’t.

Jones rushed out and hailed a cab for the short journey to Downing Street. Then, twenty-five minutes after the meeting had been due to start, he pushed open the double doors and hurried into the Cabinet Room.

The meeting proceeded without interruption, and for Jones the sight of the dozen or so attendees must have been an intimidating one. Around the table sat Lord Beaverbrook, minister of aircraft production; Sir Archibald Sinclair, the Air Minister; Sir Cyril Newall, Chief of Air Staff; Sir Hugh Dowding, who led Fighter Command; Sir Charles Portal, who led Bomber Command; and Philip Joubert, in charge of RAF signals.

Then there were the scientific officers: the top brains in the land, who directed British research in this, the most technological war in history. There was Dick Tizard, who advised Air Staff; Robert Watson-Watt, who advised on telecommunications; and Frederick Lindemann – who was both scientific advisor and sage to Winston Churchill and, more pertinently, Jones’s old professor. He was the reason Jones was here at all. Sitting in the middle of them all was Winston Churchill himself.

When Jones sat down, as quietly as he could, the conversation continued. The atmosphere was frosty, it was ‘perhaps even that of a confrontation’, Jones later recalled. There had indeed been a disagreement. Some of those present were unwilling to believe the claim, based on accounts from intelligence sources and half-heard conversations among downed German pilots, that the Luftwaffe had been using beams to direct their planes into Britain.

The startling theory was that the Luftwaffe could project two narrow radio beams over the country, forming a cross shape in the air. The German planes flew down the route of one of the radio beams, and when they met the other – at the point where the beams crossed – the bombers knew they had reached their target. It was an electromagnetic version of ‘X marks the spot’, and to many in this room it did not seem credible.

Some thought that such an idea was not merely fanciful, but impossible: a beam could not be that accurate. It could not, they pointed out, travel that far or curve around the horizon. A radiographic channel, carrying an armada of bombers to its target? It was barely worth considering. And why would any decent air force bother, in any case? British crews got by fine with stellar navigation.

Those gathered in that room were an impressive group, but as they argued Jones was not impressed. From the way they were talking, it was clear to him that many understood neither the science of the beams nor its importance.

At last Churchill turned to address a technical question to Jones. ‘Would it help, sir,’ the young man replied, ‘if I told you the story right from the start?’

Writing after the war, Churchill described that moment as like sitting in the parlour while the great detective finally reveals the killer. ‘For twenty minutes or more,’ Churchill wrote, ‘he spoke in quiet tones, unrolling his chain of circumstantial evidence, the like of which for its convincing fascination was never surpassed by tales of Sherlock Holmes or Monsieur Lecoq.’

The doubters were not necessarily won over, but they were no longer relevant. Jones, at the age of not even thirty, had spoken above their heads, to make an ally of the only man who mattered.

‘Being master, and not having to argue too much,’ Churchill wrote of that meeting, ‘once I was convinced about the principles of this queer and deadly game I gave all the necessary orders that very day in June for the existence of the beam to be assumed, and for all countermeasures to receive absolute priority. The slightest reluctance or deviation in carrying out this policy was to be reported to me.’

The Battle of the Beams had begun.

At the beginning of the Second World War, much of the RAF establishment held two firm beliefs. The first was that through British pluck and ingenuity the country had, on its own, devised a superweapon: RDF, or radio detection finding, now known as ‘radar’.

All along the south coast was a chain of powerful radio transmitters. These projected an invisible arc of radio waves out towards Europe. As bombers flew into range, the radio waves would ricochet and bounce off them, returning as faint echoes to the transmitters. Through these echoes, a central command centre could see the location of the Nazi planes and direct Britain’s fighters to intercept them. Then, concentrating in a massed force on the invaders, they could – at least during the day – bring them down. The Germans, ignorant of this superweapon, would never know how they did it.

The second belief held by the British establishment was that German bombers, which relied on sight, could only be accurate by day – when they were vulnerable to attack by Hurricanes and Spitfires. Their British counterparts, on the other hand, would find their targets by night as well. Britain was a maritime nation, after all. Its people were trained in the arts of celestial navigation. At 20,000 feet, there is rarely cloud cover to prevent the use of astrolabe and sextant. The RAF bombers could become a nocturnal force, flying far above the sleeping citizens of Europe, evading anti-aircraft fire and enemy fighters under cover of darkness. The stars would guide Britain to victory.

There were hints, though, that maybe these beliefs needed to be questioned. The costliest hint came as soon as the British bombing campaign began – and a vast number of RAF planes started tumbling, fluttering and smouldering down on to the fields of France. In the years to come, desperate battles were fought over occupied Europe. Four miles above the ground there were heroic deeds and terrible sacrifices that will go forever unrecorded. But these individual tales, however brave, in aggregate became simply statistics, to be analysed back at the Air Ministry. And when they were analysed, what they showed was very unsettling indeed.

For each Bomber Command sortie, out of 100 planes that left their runways, 95 returned. Fly two missions, and your odds of making it to breakfast in the mess were roughly 90 per cent. Fly three, and they were similar to a round of Russian roulette. Just under one in six failed to make it any further.

Jack Furner, a navigator who went on to become Air Vice-Marshal, later recalled his period flying with 214 Squadron. On one six-month tour, in 1943, his plane was one of just two that survived. A 95 per cent return rate always had a different meaning to him. ‘The figure says it clinically: to put it in a more meaningful way – on a typical operation involving 750 bombers, it meant the loss of 260 aircrew.’2

Those numbers, each representing families whose sons, fathers and husbands would never return, told a technological as well as human story. To those who knew how to analyse them they showed the Nazis had radar too, and very good radar at that. The first of the RAF’s treasured assumptions was wrong.

The evidence against the second assumption, that celestial navigation worked, was harder for the RAF to come by – although the Germans knew it almost immediately. This evidence came in the unarguable form of the bombs those RAF planes dropped, at such bloody cost. Far more often than not, rather than hitting their target these bombs exploded uselessly across the fields of Germany. A top-secret report in 1941 used aerial reconnaissance to estimate that of the planes that reported attacking their target, only one in three actually got within five miles of it.3 Aircrew were risking their lives to put craters in fields.

When Jones met Churchill in the Cabinet Room in June 1940, all this was to come. The Blitz had not begun, the British Expeditionary Force had only just been evacuated from Dunkirk. Misconceptions about British advantages still remained uncorrected. But among the small circle of men in that room the first chink had appeared. Because whether or not British pilots really could make it to Berlin at night by following the stars, it was clear that German pilots could do the reverse journey from Berlin to London without needing to. They just had to follow the beams.

It was ‘a painful shock’, wrote Churchill. ‘The Germans were preparing a device by means of which they would be able to bomb by day or night whatever the weather … like an invisible searchlight [it would] guide the bombers with considerable precision to their target.’

With France about to fall, the first serious raids from the Luftwaffe were expected any day – to soften up Britain for invasion. As Jones sat down in that room, there was an obvious conclusion to be drawn. They needed to find the beams, and find them fast.

We know about Bletchley Park and the Manhattan Project. They have entered mythology. Just as conventional militaries understood that victory came from concentrating their army’s firepower on a single target, these were places where a nation concentrated its brain power. Brought together into a fizzing critical mass of intellectual energy, these boffins – as the popular newspapers of the time called such men and (just occasionally) women – solved problems that seemed insoluble, and in doing so shortened the war.

There was another scientific war, no less important than codebreaking or atomic weaponry: the battle to outwit the enemy not merely in the air but on the airwaves. The full scale of this technological war has often been overlooked, or if it has been recounted we have concentrated on just one aspect of it – the development of defensive radar. But the wider electromagnetic war was crucial first to survival and then to victory. The tools developed by its combatants allowed Britain – in its darkest hour – to see.

This war was fought with the tools to hand. The effort to beat the beams required jury-rigged countermeasures, designed on the fly and, on more than one occasion, commandeered in desperation. Somehow, though, this scientific war has never quite gained the same status.

Bletchley and Los Alamos were nurseries for the world’s top scientists. Bletchley was where the finest Cambridge mathematicians applied their once arcane knowledge to codebreaking. The Manhattan Project was where the Allies’ greatest physicists came together to solve the greatest practical problem in science. Their names would become famous, and sometimes infamous: Oppenheimer, Fermi, Bohr, Feynman, Fuchs.

Radio research was a similar process. After the war, released from their military duties, many of radio’s leading figures would go on to populate the top universities. Some would stay in radar, developing the systems that could track Soviet ballistic missiles. Still others would move into parallel fields – building Britain’s first nuclear power station or, in the case of Sir Bernard Lovell at Jodrell Bank, and Martin Ryle, the Nobel Laureate, adapting radar work to radio astronomy.

In the First World War the British army swept in on cavalry but soon saw their dreams of a decisive charge scythed down by the pitiless machine-guns of the Western Front. Likewise the notion of navigational exceptionalism did not survive contact with the enemy. Neither, though, in part thanks to Jones and his intervention at Downing Street, did the Nazi belief in their own mastery of radio waves.

Together these scientists, and the German adversaries they sought to outwit, created a new kind of war. At the start of the war the sky was a lonely place. A British bomber aimed by sight, and navigated using techniques that would have been recognized by participants at the Battle of Trafalgar.

By the end, there were navigation systems that had changed those lamentable bombing odds. They could direct a lone bomber to a single factory in the Ruhr – and leave it in rubble. There were radars that could spot the outline of Berlin from 20,000 feet through thick cloud. Meanwhile there were German anti-aircraft guns that could spot the bomber through thick cloud and shoot back. And there were also nightfighters that could spot all of these radio waves bouncing around and lock on to the bomber that sent them.

This is not the book to tell the history of all of these advances, or of all the people involved. Like Turing and Flowers at Bletchley or Oppenheimer and Bohr at Los Alamos, though, in the tale of this electronic one-upmanship there are names that stand out. One of these is Reginald or, to use the initials he preferred, R. V. Jones.

Jones is far from unknown. In the 1960s and 70s he emerged from the shadows of intelligence and briefly gained minor celebrity status – a status he rather enjoyed – with a TV show and an autobiography. Although that book retains cult status in the scientific community, outside it Jones has been almost forgotten. If the length of a Wikipedia page is a measure of a man’s worth, his at the time of writing is 1,200 words. Turing has 10,000. Smoky, a Yorkshire Terrier adopted as a mascot by the US 5th Air Force, has 1,600.

This is an injustice. Jones was one of those rare scientists who had the ability to sit in a room and, with pencil and paper, see into the mind of his enemy. He worked out, often with just fragmentary information, what the Nazis were planning – and what the devices they built to achieve it would look like. Then he and others were able to devise ways to defeat them.

Unlike the caricature of the boffin, as exemplified by Turing, Jones was not someone who would avoid human contact. This young man, the son of a postman, was a practical joker who could look you in the eye, who would go to the pub with his most junior colleagues – but was unperturbed about contradicting the most powerful men in the land. He was a showman who would tell a good anecdote – even if after the war his contemporaries occasionally complained the stories were a little too good.

He was the most unlikely of leaders, but war is a great leveller. In a crisis, talent can rise. When the war began he was assigned to the Air Ministry as a scientific advisor. Because he needed a title, and it was far from clear what this job even was, he was made Assistant Director of Intelligence (Science). What he directed, and indeed who he assisted, was not clear. At the start, he was the only person in his team. Because he was very good at his job – a job he largely created – by his thirtieth birthday he was part of the small circle that knew the great secrets of the state.

Jones received Enigma decrypts direct from Bletchley; he had the ear of Churchill. At his request, pilots were sent on perilous photographic reconnaissance missions to German radar stations, and commandos on daring raids into enemy territory. He gained this power – or perhaps respect is a better word – not through his rank, but through his results, through an uncanny ability to predict what the Germans were about to do.

He was not working alone. There were others, many others, involved in radar and radio intelligence. There was the network of spies and resistance fighters in Belgium and France. There were the decoded messages and ingenious work of POW interrogations. There was the new science of photographic interpretation. And there was a team of some of Britain’s most able scientists.

Then there were those who turned insight into activity. To be worth anything at all, what he and his colleagues discovered needed to be acted on: by the engineers and physicists who built the countermeasures, and by 80 Air Wing, the RAF unit who applied them. But, still, it was of Jones that Churchill would later say his ‘magnificent prescience and comprehension … did far more to save us from disaster than many who are glittering with trinkets’.

During the four years after the retreat from Dunkirk the only Western Front that existed lay in the air. It was here that the Axis and Allied powers parried and probed. For every advance, there was a counter-advance. One side developed onboard radar on bombers to see attacking planes, the other put receivers on attacking planes to see the radar signals from the bombers they were stalking. Ground-based radar could spot individual bombers from distances well over 100 kilometres, but at the same distance individual bombers could also drop reflectors that deceived those on the ground into thinking they were a vast armada.

This was a game of shadows and feints in the skies above France. On any one night, flying over occupied Europe, there were new radar systems, old radio systems, and systems that existed solely to be jammed – decoys there so that the real advance they were hiding was ignored a little longer. Major technological improvements, that in peacetime would give an air force superiority for years, were introduced knowing that, at best, they had a useful lifespan of three months.

It would be decades before most of the public came to realize that during the Second World War air superiority – that term that became one of the defining strategic goals of the war – had also meant airwave superiority.

And somehow at the centre of it was one man, a man half the age of most of those who he spoke over that day in Downing Street.

To understand how the young Jones had ended up here addressing the cabinet, to appreciate the chain of evidence that led him, like Lecoq, to his inevitable, inescapable conclusion, you need to go back. You need to go to a hotel room in Oslo in late 1939, where a travelling German businessman sat down to write a report.
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CHAPTER 1

The Killing of a Sheep at a Hundred Yards


‘A beast like Hitler should not win the war’

HANS FERDINAND MAYER



Eight months before Jones’s meeting with Churchill

ONE EVENING IN EARLY November 1939, a German businessman made a request of the head porter at the Hotel Bristol in Oslo. Would it be possible, he asked, to borrow a typewriter?1

Hans Ferdinand Mayer was a middle-aged man with neat swept-back hair and the sort of boringly technical job that rarely invited further questions. As he took the machine up to his room on that cold Norwegian night, it seems unlikely anyone would have looked up from their drinks to watch a man in a generic suit heading upstairs. The chances are, in fact, that no one who saw him that day ever learnt that they had been witness to one of the greatest intelligence leaks in history.

Mayer was a brilliant scientist, who had become part of the German corporate machinery. He had studied under a Nobel laureate, published papers and patents, then risen through the ranks to head up the Siemens research laboratory in Berlin. Here, during the 1930s, his job had changed, subtly at first. Increasingly his role was not civil but military and, especially, he wrote, he found himself working on ‘new and secret weapons which required communications and electronics techniques’. He understood all too well the significance. ‘This meant – sooner or later – war!’

This worried him greatly. Mayer did not like the Nazis. He loathed them, in fact. He could not understand why his colleagues joined the Nazi party. ‘[Hitler] had proclaimed the Germans to be the “Master Race”, superior to all other nations, which should work for them as slaves,’ he said. ‘He had also deprived the Jews of their citizenship, confining them to the status of “subjects”.’ It was not merely that this was, to him, abhorrent. Perhaps he could forgive his Nazi colleagues if they were merely evil. To his rational scientific mind, it was something else too, something far less understandable. It was, he said, ‘such nonsense’. He wanted nothing to do with it. Later in the war, when he was awarded a medal for his work at Siemens, he took it home and pinned it to the pyjamas of his four-year-old son.

Even by 1939 he had already taken considerable risks in working against Hitler. A year earlier, he had learnt of a Jewish woman, married to an Aryan, who had been expelled. Because their daughter was half-Aryan, she could not leave with her mother. Because she was half-Jewish, her father did not want her. Mayer helped arrange for a passport for the girl under the name of an English friend called Cobden Turner, who effectively pretended to be her father.

Turner, who worked in the General Electric Company, had in turn pushed for Mayer to do more to oppose the Nazis. He had tried to get Mayer to pass secrets over to Britain. Mayer refused. He would only do that, he said, if the two countries went to war. Saying goodbye at their last meeting, in mid-1939, he had pressed a small and very powerful magnet into Turner’s palm, part of an experimental device known as a proximity fuse.

Now, war had indeed broken out and the only way Mayer could save the soul of Germany was through helping the British win. But with the outbreak of hostilities his ability to contact Turner was gone. There was, however, another way. As the Siemens laboratory’s director, Mayer was tasked with going abroad to represent the company in technical negotiations. This meant he was able to arrange his own travel – and he arranged it with care. On this particular occasion he was ostensibly in Norway because he needed to meet with a representative from the Norwegian Post shipping company. He was also there because, with four months to go until the German invasion, it was still a neutral country containing foreign embassies.

Closing the door of his hotel room and carefully putting on a pair of gloves to avoid his fingerprints being traced, Mayer began to type a report.

Being a senior scientist at one of the Reich’s leading engineering firms meant that he was privy to information, or sometimes just gossip, from across German military research. It gave him a privileged position, in which he had an overview of the country’s most secret projects. ‘We worked together with the Army, Navy and Air Force, and there was hardly any secret weapon, conceived at that time, which was not known to me,’ he later said. ‘Some of these deadly weapons were already field-tested, and large-scale manufacturing had started.’

The report, written on two consecutive nights, reflected all that knowledge – and also its fragmentary nature. He started with a description of the bomber programme. Before the start of April, he said, 25,000 of the feared Junkers 88 aircraft were to be produced. He moved on to relaying Germany’s plans for remote-control gliders and missiles. These would be particularly effective against ships, he suggested.

He had pieces of information, but not always the full jigsaw. Some of the sections of the report were way off, and obviously so to those who specialized in the subjects. Some were little more than a few sketchy sentences – one was about the name of a newly launched aircraft carrier, and the name he wrote down was wrong. Others were remarkably detailed. He revealed, for instance, that the Germans had an extraordinary kind of radio device. It was a prototype early warning system, he explained, that would bounce shortwave pulses off aircraft. Then – through dark or through cloud – it could display the reflections on a cathode ray tube. It had already spotted RAF planes from 120 kilometres away.

Another paragraph spoke of navigation, describing in detail a radio system that could tell a bomber how far it had travelled towards its target – providing precise information that could be used for pinpoint bombing. It suggested that German expertise in controlling radio waves was far further advanced than Britain had thought. It also suggested that, with a few extra tweaks – a narrow beam, say – they could guide bombers directly to their targets.

To one of the documents he pinned an actual proximity fuse, to be united with the magnet previously pressed into Turner’s palm. Proximity fuses were small and unglamorous devices attached to anti-aircraft shells that would prove to be among the most important advances of the war. At the time, anti-aircraft fire was astonishingly inaccurate. Gunners not only had to aim quite literally miles ahead of their target to have a hope of hitting it, they also had to determine the correct altitude for shells to explode. Get either wrong, and the gun was useless. Proximity fuses were designed to make their job considerably easier. The idea was that they removed the guesswork – detonating in the presence of nearby metal objects.

At the start of the war, there were many different experimental approaches taken, by both sides, to achieve this. Some used miniature radar, with the shell bouncing a signal off nearby planes. Others contained light sensors that detected the shadow of bombers. The one gifted by Mayer was a German prototype, which was triggered by the tiny fluctuations in electric charge caused by the passing of large metal objects.

The two packages arrived separately at the British Embassy in Oslo on 2 and 3 November, landing on the desk of Captain Hector Boyes, the naval attaché. This was not in itself of note. The problem for Britain’s embassy in Norway was too much espionage rather than too little. ‘At that point,’ confessed Boyes, ‘one was inundated with various anonymous correspondence which it was necessary to sift.’ This one seemed, he said, to have ‘matters of interest’. He forwarded it on, and thought little more of it.

Mayer, doubtless, thought of little else. He was now a traitor, and had no idea if it had even been worth it. In the gloom of the northern European winter, he waited. At the bottom of the second report, he had placed a request. If it had been received, would the BBC be so kind as to change the greeting at the start of its World Service broadcast to ‘Hello, hello, this is London calling’?

Later in the war, his habit of listening to the BBC would result in his arrest and imprisonment. Now, though, on the evening of 20 November 1939, at the start of the eight o’clock news, it brought instead validation. From across the North Sea came a crackly voice, the voice that in the grim years to come would remind him another Germany was possible. ‘Hello,’ it said, ‘hello, this is London calling.’

Radio waves are just light you cannot see. Less than a century before Hitler invaded Poland, a scientist called James Clerk Maxwell realized that what we thought of as the spectrum was so much wider than the red through to violet we see in a rainbow. This, which we now call visible light, accounts for just the tiniest sliver of the smallest segment of what Maxwell called electromagnetic radiation. In the years since his death, we have learnt just how useful the rest of it can be.

Light is a wave, a form of energy that wiggles through space. When the wavelengths – the distance between a crest and trough – get shorter than 400 nanometres, you stop being able to see them and end up with X-rays. In 1896 Wilhelm Röntgen, the discoverer of X-rays, realized they could pass through some solid objects – even his wife’s hand. When she saw the result she was shocked to see her bone structure clearly visible amid the fainter outline of flesh. She said, ‘I have seen my death.’2

When the wavelengths get longer, different properties emerge. After red comes infrared, which is visible to some insects (and special forces soldiers with the right equipment) and gets emitted by hot objects.

After infrared come microwaves, with wavelengths in distances that we can finally envisage on a human scale. Definitions differ, but typically the wavelengths of microwaves are anything from a millimetre to 30 centimetres. These too have proved useful. One day during the Second World War, an American called Percy Spencer was working on microwave emitters3 and he noticed the candy bar in his pocket had melted. He was intrigued. What if he blasted other foodstuffs? Popcorn popped. So too, rather satisfyingly, did an egg. The microwave oven was born.

As the wavelengths get even bigger, eggs stop exploding. But these larger, less frantic waves, known as radio waves, have an even more astonishing property. They can pass almost unimpeded through the atmosphere.

Between the wars, governments and the public came to the view that somewhere within this new electromagnetic spectrum lay a superweapon, waiting to be found. And they were pretty sure what it would be: a death ray. In the August 1924 edition of Popular Radio, there was an article titled ‘The New Death-Dealing “Diabolic Rays”’.4 It is a measure of how passé such an idea was at the time that it did not even make the front of the magazine. The article meriting the cover slot concerned not diabolical death-dealing, but the rather more practical: ‘How to build a two-tube reflex receiver.’

The lower billing of the death-dealing ray came despite the best efforts of the inventor behind it, a man called Harry Grindell Matthews. ‘Has the dream of inventors come true at last?’ the article began. ‘Can destructive power now be sent through space by what has been called “the most terrible invention ever made by man”?’ Then, in a journalistic phraseology that does for dubious technology what ‘allegedly’ does for dubious legal accusations, they added, ‘Scientists disagree.’ Grindell Matthews was in no doubt. He claimed his device, which used concentrated beams of electromagnetic waves, could ignite gunpowder, down planes, stop engines and even kill. And he said he had proved it with a mouse. ‘As this beam of light crept up and finally struck full upon the little animal, he reacted exactly as he would have done to the shock of a light wire grounding through him. He was killed very quickly. He could have been killed instantly except for the danger of creating fire by applying the full force of the ray.’

Scientists did indeed disagree, and Grindell Matthews himself had a habit of never quite getting round to demonstrating his rodenticide technology when asked. But that does not mean that his ideas were not taken seriously. In all of the major powers, attempts were made to harness the electromagnetic spectrum to create rays of varying diabolical nature. Proposals included beams to boil the insides of enemy soldiers, beams to immobilize tanks, and beams to explode bombs while they are still held in the undercarriage of attacking bombers. Such was the profusion of claims that in Britain the Air Ministry offered a £1,000 prize for any inventor ‘who could demonstrate the killing of a sheep at a range of 100 yards, the secret to remain with the owner’.5

But eventually more sober-minded scientists than Grindell Matthews wrested control of the research agenda, and explained what was – and was not – possible. Asked by the Air Ministry to give his opinion on death rays in the mid-1930s, the British scientist Robert Watson-Watt – later present at Jones’s meeting with Churchill – explained that he considered them unlikely to be a fruitful path of research. For one thing, radio is not a good way of transferring energy. Using a walkie-talkie does not boil your brain, and you hold your head right next to it. Visit the most powerful radio transmitters in existence, designed to broadcast television signals across the nation, and you do not see the grass around them scorched. It was easy enough to do the calculation to show that the amount of power required to raise a large animal’s temperature by a degree – let alone boil it – was prohibitive. The sheep were safe. Equally fundamentally for those whose chief target is aeronautical rather than ovine, a metal aeroplane is shielded from electromagnetic radiation.

That did not mean the governments were incorrect, though. The electromagnetic spectrum does indeed contain a superweapon – and in his concluding reply, Watson-Watt hinted at what it might be. ‘Attention is being turned to the still difficult, but less unpromising, problem of radio detection,’6 he wrote. ‘Numerical considerations on the method of detection by reflected radio waves will be submitted when required.’ In other words, maybe they should ask him about something more sensible than sheep-killing, and they might learn something useful. If it was a disadvantage, when it came to death rays, that a metal plane did not absorb radio waves, it was a huge advantage when it came to the scheme Watson-Watt was proposing. Imagine if instead of looking to fry enemy planes, you just wanted to spot them?

The suggestion came at just the right time. In 1932 Stanley Baldwin, three times Prime Minister, had warned in the House of Commons of the terrible toll a future war would take on civilians. ‘I think it is well also for the man in the street to realize that there is no power on earth that can protect him from being bombed. Whatever people may tell him, the bomber will always get through,’7 he said. His speech scared and galvanized in equal measure. Today, it is often viewed as fatalistic. At the time, there was a slightly different understanding. A bit like with nuclear weapons in the Cold War, it suggested that the only way of protecting against a bomber force at night was to have your own bomber force. Deterrence was the correct, and only, response.

Not everyone accepted the inevitability of this doctrine, but none denied the problem. If Britain was to have any air defence system to speak of, then, above all else, it needed to be able to find the thing it was defending itself from. How do you do that on even a clear night, let alone a moonless and cloudy one? Anti-aircraft guns and fighter squadrons were no use unless they could find their targets. Frederick Lindemann stated that solving this problem was ‘more important than a cure for cancer’.8

At the time, the only system the country had to spot the metastasizing cancer of incoming enemy aircraft was the Observer Corps – a dad’s army of civilian volunteers who took time out from their jobs as teachers and doctors and postmen to literally watch the skies. Theirs was not an organization that could reasonably be termed a fearsome military machine. One observer station was a telephone box in Wales, in which the telephone had been given an extension cable that meant its operator could stand outside and see the sky. In Scotland, a landowner grudgingly allowed the erection of an observation post on the understanding that its occupants maintained a ‘decorous atmosphere’.9

Today, radar seems the obvious and inevitable technological upgrade to decorous (or otherwise) volunteers in telephone boxes. That was not the case then. Back in the 1930s radar was merely one of the proposals on offer for preventing the bomber getting through, and not always the leading one either. If, well into the 1930s, you had asked Whitehall’s boffins how we were to defeat the Luftwaffe’s bombers, they might instead have talked about ‘Silhouette’10 – a scheme first thought up in the First World War that involved illuminating the clouds using searchlights. Looked down on from above, the clouds would be, in the words of one of Silhouette’s proponents, a ‘veritable carpet of light’. Then, circling at high altitude above, the fighters would wait, like prowling sharks. When they saw the shadow of a bomber passing over the clouds they would swoop.

Ask another boffin, though, and he might point to aerial minefields as the solution. Just as the ports could be protected by floating mines and the beaches with buried ones, what if we could do the same in the sky? When a raid was detected, rockets would be fired in its path, each pulling behind it a wire strung with small bombs, like malevolent fairy lights. Any plane flying into a wire would become snagged, getting tangled in a mess of explosions.

A third scientist might give a different answer still. Yes, we could use waves to detect incoming planes – but surely sound waves, not radio waves? Today, at Denge in Kent, you can see the results of this idea: vast polished concrete disks, ‘acoustic mirrors’ that were to be part of a string of listening stations all along the south coast. It was only when they were tested in a full-scale exercise that the decision was made not to build more. For planes travelling at 300mph, it was found that a system that relied on receiving information at the speed of sound – just over double that speed – did not offer enough warning. By the time the alarm was sounded, there was just ten minutes to get planes to the target. In the exercise, first the Air Ministry was noted as having been destroyed, then the Houses of Parliament. What is more, if the acoustic mirrors failed to raise an alarm when needed, they also had a habit of doing the opposite when they weren’t. The whole system could be jammed by a milkman clanking by in a horse and cart, then whistling while on his rounds.

Perhaps radio waves – rarely produced by milkmen – offered better hope than sound waves after all? A little after Watson-Watt’s memo a Heyford bomber flew,11 as arranged, past the BBC short-wave radio station at Daventry. On the ground, Watson-Watt had improvised a system to see any reflections of the BBC signal. If the powerful radio signal pumping out of the Daventry transmitter was at any point returned, if the ghost of a reflection was detected, it would be seen as a beat on a cathode ray tube – a device that could turn electrical signals into visual ones, most notably in pre-flat screen televisions. As the ponderous aircraft, the last biplane bomber to serve in the RAF, flew over, there was a pulse that lasted several minutes. It was a single electronic flicker on a single screen – the faint energy returned from a massive radio transmitter. Judging direction, range, and height was all but impossible; but in that bouncing light, in that one experiment, lay the device that would – as much as any other – protect Britain in the war to come.

Radio direction finding, later known as radar, was born. Watson-Watt was ecstatic – they had a way to protect the country’s approaches. ‘Britain,’ he said, ‘has become an island once more.’

By 1939 a protective and invisible net was cast around the country from Southampton to Sutherland. Sites were chosen for their unobstructed views into Europe, for their good electrical access and at places that would not ‘gravely interfere with grouse shooting’.12 They were switched on just in time to catch the approaching Luftwaffe. Then, in the skies above Britain, plucky fighters could be sent to where they were needed. As Churchill later said, never in the field of human conflict was so much owed by so many to so few. And those few – those young pilots in the skies above England – would have been useless without the invisible hand of radar that guided them.

That, at least, was the British story, the tale of how the nation developed a top-secret technology that would confound its enemies and save it in its darkest hour. But one country does not have a monopoly on dogged ingenuity and inventive pluck. At almost precisely the same time as Britain was congratulating itself on its prototype radio superweapon, Germany was putting the finishing touches to its own, rather more sophisticated radar. Whereas the first British versions simply told you an aeroplane was nearby, the German radar did so much more. It could spot a ship at 8 kilometres away and fix its bearing and distance with an accuracy of 50 metres – enough to direct artillery through radar signals alone. When scanning the air it was, they discovered by chance, just as impressive. During testing, a seaplane flew over, 28km away, and produced a clear reading.

It had its detractors, nevertheless. The head of technology at the Luftwaffe was very suspicious, if only on the grounds, he said, that once radar was incorporated into planes themselves, ‘flying won’t be fun any more’. Hermann Goering tended to sympathize too. ‘Radio aids contain boxes with coils and I don’t like boxes with coils,’13 was his unanswerable objection. But if German radar did not assume the near-doctrinal importance by 1939 that it had in the RAF, that was only because it did not represent the kind of war Germany was planning to fight. Hitler’s forces were not going to be entrenched at the German border, waiting for planes to attack, as Britain’s were. Theirs was not to be a static trench war, like the one a generation earlier. Germany’s air force was instead going to be pushing forward, onwards, in a Blitzkrieg that would overwhelm the enemy, and its radar, without the need to consider their own defence. For that they needed to know where their own planes were – not the enemies’. They needed roads in the sky, taking the Luftwaffe to its targets.

As the document that Mayer took such risks to type over those evenings in Norway showed, German radar technology was easily comparable to that in Britain. More than that, though, the Oslo Report – as it became known – implied that as well as radar the Germans had used electromagnetic waves in a different way: to guide their own planes rather than reveal the enemy’s. They would take the Luftwaffe, the tip of the Blitzkrieg spear, to their targets with absolute precision, whatever the weather or time of day.

The Oslo Report should have been a warning of the battle of the beams to come, of the folly of believing that this would be a war in which twentieth-century airmen navigated like eighteenth-century seamen. In writing it Mayer had given the British information that could save thousands of lives – and that also, if discovered, would end his. But to be useful, someone first had to take it seriously.

Hans Ferdinand Mayer was arrested in 1943. It was inevitable: he had become too much of an annoyance. He smuggled valuables abroad for Jews; he was overheard criticizing the Nazi regime. Not only did he mock the medal he had been given by putting it on his son’s pyjamas, he then passed around photographs of it. He was, the Gestapo believed, grit in the oil of the smooth Nazi machine.

In the end, it was the BBC that did for him. A maid in the house next door overheard him repeating something that had been said in one of the broadcasts, and she went to the Gestapo. To survive, he needed the help of a genuine Nazi. His wife appealed to Philipp Lenard.14 Lenard was his former doctoral supervisor but, more importantly, he was an avowed antisemite who was ‘Chief of Aryan Physics’ for Hitler and considered Einstein’s relativity a ‘Jewish fraud’. Lenard wrote back to say, ‘Your husband must change his mind. It will not harm him if he thinks as I do. Misfortune is the soap God is washing us with. We cry like little children, when they are being washed.’ He did, however, promise to intervene with Himmler.

Mayer was lucky. He was sent to a concentration camp, rather than executed. Although the Gestapo had discovered his secret habit of listening to BBC radio, they did not know that through him their own – far more consequential – radio secrets had also been discovered. No one ever learnt of the night he listened to the BBC as it sent a special message just for him, a message that confirmed one of the greatest leaks in the history of military scientific intelligence. He was also lucky because he was still valuable. Perhaps because of Lenard’s intervention, in Dachau he worked in a radio research laboratory, staffed by inmates. Ironically, some of its work would involve counter-intelligence against Britain – trying to undermine the very team his leak had hoped to help. The work kept him alive. He had privileges, food and relative safety. He learnt to, in his own analogy, ‘emulate a mouse’ – to be as unobtrusive and uninteresting as possible. In the final days, as the regime collapsed and order deteriorated, he found an opportunity to simply walk out of the camp. He kept walking until, amid the forest, he came across a cottage. There, he saw a mighty Nazi eagle carved from wood, and a mother, newly bereaved, hacking it with an axe in fury. Here he had an ally, and she gave him food and a place to sleep.

He had survived, and kept his secret. In fact, it would be decades before any Germans found out. After the war, amid the ambivalence felt towards those who betrayed their countrymen, he wanted to remain anonymous until after his death.

It was almost for nothing. His report should have changed everything, but the British were suspicious, and with good reason. On the one hand, the document they received made elementary errors and contained irrelevancies – such as a detailed and idiosyncratic section on attacking Polish fortifications. Yet on the other hand it offered intelligence that was too good to be true. How, MI6 wondered, could one man really know so much about such a broad range of weaponry? In the game of bluffs and double bluffs that have always blurred the shades of grey of espionage, the British intelligence assessment was that the document was a plant. If the disclosures were to be believed, the Nazis not only had their own radar and radio-guidance, they were also developing implausibly advanced superweapons – including flying bombs powered by devastating rockets. How could one man have all this information? No, they decided, this supposed leak was designed to deceive, to have them fighting shadows. As one official report later ruefully put it, so the logic of the time went, it was ‘planted by a wily enemy’,15 who made sure that the few checkable facts were true – so that we would foolishly believe all the rest.

On this basis they all ignored it. Except, that is, for one young intelligence officer. Later, this officer said he came to treat it like a guide to the future. ‘In the few dull moments of the War I used to look up the Oslo report to see what should be coming along next.’ This man was Reginald Jones.




CHAPTER 2

Reginald


‘In the field of radar they must have the world’s greatest geniuses. They have the geniuses and we have the nincompoops’

HERMANN GOERING



HAROLD VICTOR JONES WAS one of the ‘Old Contemptibles’, the shattered rump of the British Expeditionary Force that was sent to hold the line in 1914, and was almost wiped out over the four tough years that followed, fighting desperately in the trenches of the Western Front. He was lucky to have made it through, and very nearly didn’t. His left arm had been smashed, the result of a desperate battle at Neuve Chapelle – in which sixteen out of twenty-one officers present died.

Now, the war was over and the eight-year-old Reginald Jones and his mother were in London for a victory parade. As Harold Jones and his comrades marched past,1 the crowd, confused, fell silent. They were wearing suits. Who were this group of men marching in civvies? After the war ended the army had been operating on a ‘first-in-first-out’ policy. This meant that Harold and the scattered remnants of that first army had already been demobilized and were now out of uniform. Then, the silence was broken by a call from Reginald’s mother: ‘Cheer the men in civvies, they were the men who went first!’ The crowd erupted.

Jones did not come from poverty exactly – but the world his father created for him on returning from the Western Front was definitely not one of wealth. Much later in his career, when he began moving in more elevated circles, he confessed he resorted to reading a book of quotations – as a way of rapidly filling the hole he perceived in his education.

The family lived in Dulwich,2 south London. There, after the war, his father had put his two mismatched arms to use as a postman. Jones was educated at Alleyne’s, then a solidly middle-class school. Occasionally, for fun, he would tinker with radio sets – an activity that was for his generation of schoolboy geeks what programming would be for those born in the 1970s. ‘There has never been anything comparable in any other period of history to the impact of radio on the ordinary individual in the 1920s,’ wrote Jones, of his passion. ‘It was as near magic as anyone could conceive, in that with a few mainly homemade components simply connected together, one could conjure speech and music out of the air.’ One set he built in 1928 was so sensitive that he conjured Australian speech out of thin air. The Melbourne radio station that had originally broadcast it ten thousand miles away, never imagining that it would be able to curve round the world, sent him a prize in acknowledgement. It was not the last plaudit Jones would receive for realizing that radio did not always go in clean straight lines, that it could bounce and bump off the upper atmosphere.

Throughout his youth, Jones could never quite escape a feeling that the twenties and thirties were not the end of the global turbulence, as many thought, but merely the passing eye of the storm. At school he remembered the headmaster Mr Henderson warning about the Germans, and how they could not be forgiven for the First World War because they had never expressed regret. ‘Mark my words, as soon as they’re strong enough they’ll be at us again!’

Jones always claimed that he chose Oxford because of an incident at school. It had been the annual university boat race, followed closely throughout the country, and he needed to pick a side. ‘However partisan the undergraduates of Oxford and Cambridge might have felt about the outcome, they were almost as conscientious objectors compared with the belligerent boys of the typical London school,’ he said. One of those belligerent boys asked him which side he supported and Jones, thinking quickly, replied ‘Oxford’. Wrong answer. ‘He promptly punched me on the nose.’ He would be Oxford ever after. Whether that is strictly true or not, the fact was that he did go to Oxford, and it was a fork in his life. Here he met arguably the two most important people in his future career. The first was Charles Frank, and the pair bonded over gassing Oxford.

It had been Charles Frank’s idea, but Jones was a more than willing accomplice. The plan was simple. It was Guy Fawkes Night and, Jones later explained, in a tale that may just have gained a few embellishments for the benefit of his
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