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			Prologue

			Tomorrow Never Dies

			Every weekday morning1 in April 1996, Bruce Feirstein woke up in a hotel room across from Marylebone station in London, read the newspapers and spent the day thinking about how to blow things up.

			This was, to be clear, his actual job. Though Feirstein was an American journalist in his mid-forties and a contributing writer at Vanity Fair, he was becoming increasingly known for his other gig: writing screenplays for James Bond movies. His first, 1995’s Pierce Brosnan-fronted GoldenEye, was a box-office smash. The task now was to dream up the scheming villains, daring romance and wild action sequences of the follow-up: the 1997 blockbuster Tomorrow Never Dies.

			Feirstein tended to start the morning with a quick browse of the major papers – ‘a dream’ for a newspaper man like him – plus a flick through a packet of aggregated, high-grade gossip, faxed daily from New York. Then, after a morning coffee, he would head by Tube to the discreet Mayfair offices of Barbara Broccoli and Michael G. Wilson, the half-siblings who controlled the Bond empire. They would limber up with a rundown of the latest celebrity news – in 1996 this tended to revolve around Princess Diana – and then get down to work, brainstorming how to create ‘maximum chaos’.

			These sessions were interspersed with occasional field trips. Wilson led them on a tour of Big Ben, checking it assiduously for flaws that could be exploited by future villains. Feirstein took to carrying around weapons catalogues for background reading, to occasionally disastrous effect. On arriving off a flight in Rome, he was questioned by police because of his suspicious reading material and, in the pre-internet age, released only after pointing to his own name on a GoldenEye advert in a local newspaper. Evenings were punctuated by more straightforward creative inspiration: group trips to the cinema. In this rich creative environment, inspiration for villains and their devious methods tended to quickly follow.

			Once a foe had been identified, the guiding principle was simple, Feirstein says. The team was looking for the baddies and the blow-ups that would feel ‘ten minutes ahead of the zeitgeist’ – scenarios that were totally ridiculous and unfeasible, but only just.

			‘The villain has every tool at his disposal they could have, with an unlimited amount of money,’ he says. No magic. Just wild, evil thinking – and crazy amounts of cash.

			The plot of Tomorrow Never Dies2 captures a certain perfect late-1990s moment. The British were about to hand Hong Kong back to China, a martial arts star called Michelle Yeoh was on the rise and the bad guys were no longer exclusively Russian.

			In fact, the film is often remembered for its of-the-moment depiction not of a Moscow-based mastermind, but of an English tabloid media mogul, the nefarious Elliot Carver – inspired by Robert Maxwell, father of Ghislaine. Carver is hungry for the kinds of ratings that would launch his TV network ever higher and reinforce his control over entire governments. To manufacture a crisis, he decides to manipulate the ascendant Global Positioning System, the web of US military satellites that encircle our globe.

			The mogul’s cronies use an illegal encoder purchased at a sketchy bazaar on the Russian border to distort the GPS location of a British naval frigate, luring it into Chinese waters, where it’s torpedoed by a giant metal worm released from a stealth ship commanded by Carver. This kills the British sailors, creating the illusion of an altercation with Chinese forces and sending the world careening towards a ratings-boosting stand-off between China and the West.

			Naturally, Bond must be called in. Chaos – and crazy stunts – ensue.

			Amid the cable news meta-commentary and the distraction of Pierce Brosnan’s jawline, you won’t be shocked to hear that the particularities about GPS weren’t picked up on in the film’s reviews.

			‘Computer technology …’3 yawned the reviewer from the Los Angeles Times, with an exquisitely dismissive sense of timing, ‘… the all-purpose bogeyman of the moment.’

			GPS wasn’t exactly computer technology as Bond viewers would have known it. But in the 1990s it also wasn’t the seemingly humdrum, everyday tool it’s generally perceived to be today. At the time, at least it had some high-tech sex appeal on its side: it was a cutting-edge system that was finally leaking out of the US military and into everyday life.

			Throughout the 1990s, GPS was beginning to appear in a handful of luxury cars, starting in Japan, and by the mid-1990s the first models with GPS functionality were rolling off the forecourts in the US and Europe. But the revolution was only just beginning: the navigation dashboards were glitchy and slow, and the US government wasn’t exactly helping. There were, in reality, two signals: good ones, for the military, and crappy ones, for regular people like you and me.

			One of the unremarked-upon features of Bond’s top-of-the-line grey BMW 750iL – stacked to the rafters with custom gadgets – might well have been its military-grade GPS signal, which could really get you from A to B. But if reviewers didn’t notice the manipulation of a global network that ‘does not lie’, as Admiral Roebuck blusters to Judy Dench’s ‘M’, Feirstein would later realise that not everyone has completely missed this detail.

			Around 2006, with another Bond credit under his belt (1999’s The World Is Not Enough), the writer says he was approached after an event by a man who identified himself as a government employee, although he declined to give his exact job title. The US government had seen the movie, he said, and the GPS encryption hijacking wouldn’t work.

			Feirstein was amused, too. It’s not as if he or the producers had some kind of inside track on how the US military used the Global Positioning System and whether it was possible for it to actually be abused. Nor did he have any idea whether the beam of a distant satellite could be distorted. (The giant metal worm was also theoretical.) After all, when it came to the film’s twists and technology, Feirstein says, ‘We thought about what we needed to advance the plot. Then we totally made it up.’

			But in the years since, Tomorrow Never Dies has remained unexpectedly relevant, and not just for its warnings about the consolidation of the media or the rise in tensions between China and the West. For fans of GPS – and yes, there are many fans – the 18th Bond film has come to represent something else: a wacky kind of foresight.

			‘Totally making it up’, of course, doesn’t mean the screenwriter was surprised when, years later, shadowy GPS misfires began to pop up on his newsfeed. After all, being ‘ten minutes ahead of the zeitgeist’ means never having to say you didn’t think of ways technology could go awry, disastrously misfire or outright explode. Being ten minutes ahead of the zeitgeist also means going by the working assumption that the trappings of our modern world will suddenly, quite possibly, betray us.

			To keep abreast of these moments of wild and evil inspiration, Feirstein still reads widely, picking up on gossip and geopolitics alike. And when he finds an article that hints at the potential for chaos, he does what many of us do: he bookmarks it.

			In 2020, one of those articles was written by me.

			Twenty years after the release of Tomorrow Never Dies, I was sitting at a desk in an office tower in London’s Canary Wharf – the financial district to the east of the city centre – bored out of my mind. Arranged in a wall in front of me were four computer monitors, at least one of them displaying, at all times, a map of the world.

			The screen showed Google Maps, just like the one you probably use on a daily basis. But overlaid on it at any given time was a selection of the world’s oil and chemical tankers hustling around like miniature beetles, sometimes gathering at the world’s major ports or stalling at the world’s shipping chokepoints: the Strait of Malacca, the Strait of Hormuz, the Suez Canal.

			At the time I spent a lot of time staring at the progress of these ships, tiny on my screen but massive in real life. The core part of my job involved tracking the physical price of oil products for a company called Platts (part of S&P Global), which was founded in 1909 in the midst of legal battles over the dominance of Standard Oil. More than a century later, a large chunk of my day was spent trying to extract useful, accurate information about the ships from commodities and shipping traders – a group of people who don’t have the greatest of incentives to be either useful or accurate. The tracking screen generally seemed to turn up more reliable information than my half-hearted attempts to butter up a trader with shop talk of skiing in the Alps.

			But on this particular day a colleague sent over an article that pointed to the mysterious ways in which a map can lie. In June 2017 ship crews noticed something strange happening near Novorossiysk, a Russian port city on the northern edge of the Black Sea, in close proximity to Crimea. Three years earlier, this region had been annexed by Russia. Trade, nonetheless, continued; on tankers, crews were staring at screens not so different from the one I was looking at in London.

			But off the coast of Russia, these tanker crews suddenly found themselves in two locations. There was their real location – at port, as they could plainly see with their own eyes – and there was their GPS location: rapidly accelerating and flying above solid ground. When this new ‘location’ settled, their boats were supposedly sitting on land at a nearby airport.

			It was bizarre. Who or what had scrambled the boats’ locations? Why Russian airports, of all places? And did it even matter, when the ships’ crews could see plainly which location was true, and which was false? It was a mystery, and there were Russians involved. Naturally, I was hooked.

			Trawling Google when I should have been tracking oil tankers, I stumbled across a rudimentary public database from the US Coast Guard’s Navigation Center that logged reports of GPS anomalies self-reported by frustrated merchant seamen and pleasure-yacht crews around the world.

			The database wasn’t large, so a common theme running through their reports was immediately obvious. Across the Eastern Mediterranean, and particularly in the Suez Canal, GPS was acting … well, weird. With palpable irritation, the crews that filed the reports recounted that their GPS signal would fade in and out, kick-starting safety alarms that blared for hours or even days, presumably driving everyone on board completely crazy.

			When this happened, the crews tended to radio other nearby ships to ask what the hell was going on, and everyone would report back that they had the same problem. The crews didn’t seem to be getting particularly lost (the Suez Canal, for one, is too narrow to get lost in, although getting stuck is another matter), but they were plainly uneasy. The war in Syria had brought many of the world’s navies to an already crowded and tense patch of the east Mediterranean, bordered by Turkey, Lebanon, Israel and Egypt with Cyprus parked right in the middle. It was not wise to be unaware of your surroundings.

			As the months went by, reports of similar anomalies seemed to be spreading, both west and east. They popped up off the coast of Alexandria in Egypt, and even as far as Malta, Greece and Italy. They were reported in the Strait of Hormuz, the tiny chokepoint between Iran, Oman and the UAE that forms a conduit for a large proportion of the world’s liquid natural gas.

			All across the Mediterranean and the Middle East, GPS seemed to be flickering on and off like a faulty pilot light, undermining this everyday tool that the crews of oil tankers and people sitting in Canary Wharf had come to take for granted, one showing us our place in the world, as clear as a little blue dot, locating us on a spherical and stable grid.

			Over the coming years I would learn that across large stretches of the world – on the border of South and North Korea, in the Norwegian Arctic, over vast swathes of Central Asia and Ukraine, around Moscow’s Red Square – GPS was becoming increasingly unreliable.

			Ships, cars and even people were ‘arriving’ in places where they were not actually present, appearing to travel in wild, ultra-fast circles in locations to which they physically couldn’t go, at speeds they couldn’t physically reach, and ‘disappearing’ from wherever they actually happened to be.

			From all my reporting, first at Platts and then at Fortune magazine, I eventually realised that the impacts I was covering – on boats, on planes – were merely a symptom of something much larger. Far from being the ‘targets’ of this strange GPS phenomenon, most of these beacons were caught in the middle, unaware and unwilling, illuminating a grey area of tension and conflict that was expanding every year.

			In the process, these strange patterns were revealing ways in which we had come to rely almost blindly on a tool so useful – and so ubiquitous – that we now treat it like a free utility, one cheaper and more available than water.

			What exactly is the Global Positioning System, and where did it come from?

			On the one hand, GPS is an almost background feature of our everyday world. It enables the maps on your car dashboard or your phone to tell you exactly where you are, and how to get where you want to go. It helps you order takeaways, track your runs, coordinate with friends, even find a date.

			But it’s also a complex web of satellites, encircling and orbiting the earth. GPS is so radical in large part because it’s not merely about navigation, it’s also about time – a critical aspect of the system that often gets overlooked. The atomic clocks lodged on those satellites synchronise an ultra-precise, global heartbeat – keeping accurate time in a way that synchronises vast digital systems, from energy grids to trading platforms to traffic lights.

			Of course, we already have the sensory skills to track location and time. Knowing about and sensing the pace of the sun across the sky, what the stars reveal about our location, the passage of the seasons and the changes in our natural environment; these are skills we’ve used for millennia, in conjunction with increasingly sophisticated maps and clocks.

			But in the last several decades, in often remarkable and unexpected ways, our relationship with the world around us has undergone a radical shift. We have come to entrust much of this mix of intuition and hard-won knowledge to an external network: to a system that is, at its core, a US military product, one designed to drop enormously powerful bombs with staggering precision.

			The story begins in the air battles of the Second World War, gains shape at the dawn of the Space Age and emerges from the trauma of the Vietnam War. It bursts out of the Pentagon in the aftermath of a Cold War plane crash, arrives on the desert battlefields of the First Gulf War, pops up on the iPhone and begins to spin out – on a broad scale – as Russia invades Crimea.

			And from a largely American parable of technical brilliance, bureaucratic in-fighting and the nuclear arms race, the story of GPS has become a truly global narrative. Satellite navigation networks from Russia, China and the EU – collectively known as ‘Global Navigation Satellite Systems’ – now complement and compete with each other, all seeking to provide the accuracy we need to synchronise the global economy.

			GPS and its competitors meant that for the first time in human history we could see the world as a whole. Suddenly, we really knew where things were – and when. GPS made it easier than ever to kill people, but also to rescue them; to better understand our world, and yet continue to destroy it.

			This makes it impossible to separate GPS from many of the major technological leaps of the last century. At every point on the way, the development of a truly global satellite navigation system required the most advanced technology available, from clocks to radio beams to rocketry, batteries, electronics and computing. This represented a flurry of invention and engineering that married many of the most fundamental discoveries in physics with the geopolitics of the atomic age, the fracturing of American political power and the onset of the consumer technology revolution. What other system relates quite so intimately to both the work of Albert Einstein and the iPhone?

			This is not an altogether conventional history of the Global Positioning System, and shouldn’t be read as such. It starts thirty years before GPS was officially created, and only briefly touches on many of the defining events and people who shaped it, although this isn’t out of disrespect for that history or the many important people who played a key role in the system’s creation.

			But a full recounting of how GPS was created would require an enormous book, one consisting overwhelmingly of three things: physics, engineering and US military internecine rivalry. Others have written books that cover these details in great depth, and much better than I ever could. I have included a bibliography at the back for those who would like to explore further.

			Instead, this book comes at the topic a little sideways, and asks what a nearly invisible system can show us about how we understand space and time – and how GPS shaped the modern world in the process.

			The story brings us up to the autumn of 2024, when we were in the midst of a skyrocketing number of incidents of GPS manipulation and disruption, and finding out what, if anything, will replace the system – or even could. We have removed many of our contingency plans, and put more of our eggs, so to speak, in one basket. The physical markers that guided us pre-GPS, even our sensory skills of understanding time and place, have become rusty at best. Much of the pre-GPS technology we once relied on has been removed.

			And although interference in GPS signals isn’t that new, it’s no coincidence that we find it accelerating at a time when facts and truth, in many forms, are under coordinated attack, and disinformation is assuming new and disturbing forms. After years of relative certainty, we will have to understand what a world of grey areas looks like, and what it takes to live in it.

			There is a risk, I acknowledge, that having been forewarned of this weighty prospect, you might be worried this book is going to be extremely serious and not very much fun. I hope I can convince you, instead, that the story of GPS is a wild, weird and fantastical ride, and that the evolution of this system, which has quietly shaken, stirred and shaped the last fifty years of our history, will hold valuable lessons for the next fifty years too.

			September 2025
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			Chapter 1

			Mr Jones

			It didn’t help that he was late. Twenty-five minutes1 after the meeting on the Germans’ brand-new weapon had begun, Reginald Victor Jones slipped through the heavy double doors into the Cabinet Room at 10 Downing Street, home of the British prime minister. There was no possibility of being discreet, his arrival framed by two white Corinthian columns, announcing his presence for all to see.

			Winston Churchill, prime minister for just over a month following Neville Chamberlain’s resignation, was seated on the left of the room’s long table, his boulder of a back to the fireplace. He was bracketed by Frederick Lindemann, Jones’s one-time university mentor, on one side, and Lord Beaverbrook, minister of aircraft production, on the other.

			Everyone else – a collection of heavyweights drawn from across the Royal Air Force – sat facing Churchill on the right, the length of the cloth-covered table bisected by racks of black-embossed Number 10 notepaper. The mood was tense. There were no secretaries in the room, because there would be no official record.

			Jones had known there would be a meeting at Number 10 on 21 June 1940, but he’d had no prior indication that lowly scientific officers would be invited. So he had shown up at his office on Broadway Street that Friday morning at his usual time, just after 10 a.m. When he was presented with the summons to Downing Street, he initially assumed it was a prank. Once he realised the invitation wasn’t a joke, he ran out into the street and hailed a taxi.

			Jones was just 28 years old,2 tall and undeniably handsome, with wavy reddish hair and a low-set, furrowed brow that made him look far more serious than he really was. He had been recruited into government service in the mid-1930s by Frederick Lindemann, his former physics professor at Oxford, a starchy eccentric3 whose passions included cutting-edge science and holding obscure but fanatical grudges. Lindemann was one of Churchill’s closest friends and advisors, and was already embedded deep within the government even before Churchill became prime minister. This connection provided just enough of an opening for Jones to make his way into government intelligence on the eve of the outbreak of the Second World War. On 1 September 1939 – the same day that Germany invaded Poland and the war officially began – he took up his post as assistant director of intelligence (science). Despite his grand title, he formed a team of one.

			But if Jones possessed the connections and the scientific pedigree, he was not an obvious fit for government service. By his own admission he probably wouldn’t have survived within the civil service outside wartime; but now, being right had suddenly become more important than being particularly polite. Confident beyond his years, comfortable mixing with people of all social classes and totally contemptuous of hierarchy, this son of a London postman seemed to have not one but three enemies in 1940: the Luftwaffe, the politics of wartime bureaucracy and the stupidity of other people.

			That others tended to screw up (and that he tended to point it out when they did) was an ongoing issue for Jones, and one that his attempts to emulate stiff governmental language never quite concealed. In an official report4 he said that a German official’s ‘misfortunes and plaintive garrulity rival those of Donald Duck’. On another occasion,5 when told that his messy desk represented a security risk, he retorted that his piles of paper were really an effective use of camouflage. Given that playing practical jokes was among his lifelong passions, it’s unlikely this response was given with a straight face. (In later years, although ostensibly a professor of natural philosophy, he gave a wildly popular lecture6 on ‘The Theory of Practical Joking and Its Relation to Scientific Method’.) In short, he was an arrogant nerd and a pain in the ass. The upside of these qualities was that he was funny, inventive and spectacularly stubborn.

			Even Jones admitted that the prospect of a meeting with Churchill and his war cabinet might ordinarily have made him anxious, but the suddenness of his invitation didn’t give him much time for nerves. So after a brief moment of scrambling for an appropriate place to sit, he simply chose the chair at the head of the long cabinet table, positioned in ‘no man’s land’ between the two sides.

			As the discussion between the men resumed, however, Jones quickly concluded that the great and the good of British wartime strategy seemed to be getting many of the details completely wrong. When the prime minister at last turned to him, the young scientist resolved to set the record straight.

			‘Would it help, sir, if I told you the story right from the start?’ Jones asked. After Churchill agreed, Jones spoke for twenty minutes straight.

			Our sensory experience of the world – what we see, hear, touch, taste and smell with our naked abilities – presents just a fragment of the totality of existence, vibrating all around us.

			The human eye can see just a fraction of a fraction of the full electromagnetic spectrum, less than one hundredth of a per cent. Much of the animal kingdom, from dogs to elephants, insects to bats, can hear in ranges way outside the reach of the human ear. It’s the intervention of technology that renders other shades and other sounds of our world visible and audible. And when it came to opening up human experience to the waves of light and sound ebbing and undulating in our midst, one man’s influence transcended the stuffy and arcane world of science, reaching out into ordinary people’s living rooms.

			Guglielmo Marconi7 was born in a baroque palace in Bologna, but spent large parts of his life in England. While it was Heinrich Hertz who proved the existence of electromagnetic waves, and others who engineered the basic transmitters and receivers to send and pick up radio waves, making them audible to human ears, Marconi’s genius was to put all of this discovery and science together – and to patent his creations.

			In 1901 he sent the first radio transmission across the Atlantic. In 1912 his wireless radio system was used to send a distress signal during the sinking of the Titanic. Its presence on the ship was intended partly as a luxury perk for first-class passengers to send messages while at sea. Instead, the radio transmitter was the reason that anyone survived. By the early 1920s Marconi’s work played a fundamental role in the development of news broadcasting. Marconi House, a palatial stone building just steps away from the banks of the Thames, was the first home of the British Broadcasting Company.*

			The year the BBC was created, Jones was 11 years old. He lived less than five miles8 to the south of its headquarters and was studying at a rough local primary school in Brixton. Like many boys of his era, tinkering with radio sets quickly became his chief adolescent hobby, and for amateur radio enthusiasts (called ‘hams’), a few homemade pieces of kit could conjure music and sound from the air. It was a medium ‘as near magic as anyone could conceive … There has never been anything comparable in any other period of history to the impact of radio on the ordinary individual in the 1920s,’ Jones said half a century later.

			But even as the omnipotent BBC extended its news bulletins and classical concerts into every living room and kitchen across the British empire in the interwar years, Jones’s real fascination lay with the scientific leaps that radios represented, leading to his academic interest in physics.

			The rise of radio10 also coincided with another revolution: the rise of mail delivered by plane, followed by commercial passenger flight. By the 1930s, as Jones settled into his first years as a student at Oxford, radio was becoming a fixture on planes as a navigational tool, enabling pilots to follow routes through sound. Collectively, radio beacons11 formed land-based lighthouses, marking the interwar ‘airways’ of the sky.

			By the outbreak of the Second World War, a blind landing system12 developed by the Lorenz engineering company and first used at Berlin’s Tempelhof airport was already in use around the world, including in London. It offered a sort of audible landing strip, which guided a descending plane along a radio beam. Short beeps indicated the plane was to the left of the beam, while longer dashes indicated it was to the right. When the plane was on track, the two tones merged into one, producing a solid tone. It was now possible for pilots to land safely using mostly their ears.

			It was the staggering developments of these years that laid the groundwork for what was to come next, Jones always argued. The leaps in science and technology that created the phenomenon of everyday radio also created the radar and radio navigational systems that would be used in the forthcoming war, with Jones’s own adolescent hobby significant preparation for the role he would play during the conflict. If the new universe of radio was revolutionary, to a former teenager tinkerer it was also fairly simple to understand – and that meant it was easy to intercept.

			The first hints that the Germans had developed a new secret weapon came from prisoners of war. It’s unlikely that any German airman, anticipating his potential future as a POW on British soil in the early months of 1940, would have pictured leafy, comfortable Trent Park. But for those who worked there, many of them German-Jewish refugees,13 the Georgian-style red-brick country house went by a different name. They called it the Cockfosters Camp.14

			The original house was built in the 16th century on land that would later become part of George III’s estate, while the main house was constructed in the interwar period as an extension of a mostly demolished Victorian building and designed in the early Georgian style. Located in the north London suburb of Cockfosters, it was one of the homes of Sir Philip Sassoon, a famed socialite and progeny of the wealthy Rothschild and Sassoon families. Both sides of his family were Jewish. Philip himself15 was glamorous, and very likely gay.

			Under Sassoon’s watch, the grounds played host to many of the leading social and cultural figures of the 1920s and 30s, including Winston Churchill and Charlie Chaplin. But now, with its owner recently deceased from a chest infection, the grand house and its grounds had been requisitioned by the wartime government. The stage was set for a different kind of party: a surprisingly opulent jail for German POWs, where all the rooms were secretly bugged.

			The first German prisoners arrived in December 1939. Many of these men, some retrieved from the wreckage of downed planes, were transferred from the Tower of London, the first London jail housing German servicemen. Now they settled into luxurious, carpeted rooms – with chandeliers and tables set aside for chess – overlooking the long, winding driveways and manicured lawns and flowerbeds.

			For the captives, many of them young men, their comfortable imprisonment must have felt hugely anticlimactic. They had spent their adolescence in the Third Reich, with its fascist indoctrination and burgeoning rearmament programme, training for years to bludgeon Britain from the sky. Now, they would see virtually no action. Since the declaration of war in September 1939, Europe had been strangely quiet, a period that came to be known as the Phoney War. But in April the following year, Germany would invade Norway, the opening salvo of the occupation of Western Europe. By July, the Battle of Britain was raging in the skies above, with young British and Polish fighter pilots downing German planes and sending a fresh crop of POWs to the Cockfosters Camp.

			But the first few months of 1940, a time of chilly strolls around Trent Park’s stately grounds, was still the lull before the storm. The Germans’ gentlemanly interrogator16 was Squadron Leader Samuel Denys Felkin, a veteran with a trim moustache and kindly eyes, who spoke excellent German. He was introduced to the prisoners as Oberst King, or Colonel King, his real name and intelligence background obscured.

			Felkin’s approach17 to eavesdropping was to conspicuously ingratiate himself, occasionally taking the young men on long walks and even field trips into central London, exposing them to the defiant vibrancy of the capital, not yet pounded by the Blitz.

			If this approach had propaganda benefits (the men tended to enjoy themselves), the intention was never to extract information on the spot. Rather, these patriotic Germans would go back to their rooms and gossip to their colleagues. There they would laugh about British ignorance – and offer impeccable German corrections. Listening in, not so ignorant after all, were the British intelligence officers.

			By February18 1940, the listeners sitting in the basement’s ‘M Rooms’ – M stood for ‘miked’ – began to pick up on a strange word, without an obvious meaning even to native German speakers: X-Gerät, or ‘X-device’. The more the interrogators questioned the captured airmen about this mysterious ‘device’, the more uncooperative the Germans became with their captors – and the more the POWs subsequently explained the technical details to those fellow prisoners who seemed to be out of the loop, their voices captured by recording devices hidden in walls and potted plants.

			‘That “Bombenblindwurf” business,19 don’t say anything whatsoever about that!’ one officer warned a pilot that month.

			Later, another prisoner asked the same officer what exactly was this ‘blind bomb launcher’ they weren’t supposed to mention? ‘It has something to do with dropping bombs on an invisible target,’ the officer replied.

			It may seem obvious in retrospect that this was a significant piece of intelligence. But the war had yet to begin in earnest, and so when Felkin circulated a short memo with the fragments of a conversation his team had recorded, he apparently received almost no acknowledgement. Jones, however, had spotted the memo, at a time when he had few resources20 (not even a secretary), no clearly defined job and nothing much to do: in other words, he had time on his hands to investigate.

			When Jones expressed interest in the memo, Felkin met him at his gentlemen’s club to establish his credentials. But despite his military rank, Oberst King clearly wasn’t a stickler for hierarchy or convention. This was a meeting of minds.

			Soon after, the listeners21 in the Cockfosters Camp heard the prisoners using another unusual German term: Knickebein, usually translated as ‘crooked leg’. The term had first appeared in March that year on a slip of paper labelled ‘navigational aid’ that the British found amid the wreckage of a downed German bomber.

			In the months leading up to his meeting with the war cabinet, Jones, Felkin, the listeners and an expanding cast of colleagues painstakingly pieced together further bits of apparently unrelated intelligence. The scraps consisted of transcripts of prisoner gossip in the Cockfosters Camp, notebooks found in the fuselages of Luftwaffe bombers that had come down in country fields, and lists of longitudes and latitudes in Nazi directives extracted by cryptographers working on Enigma-encoded messages at Bletchley Park, following the first wartime decrypts of the ‘Green’ code in January 1940.

			Now, in June 1940,22 at least sixteen separate pieces of intelligence suggested a deeply worrying possibility: that the Germans had found a way to bomb Britain in the dark.

			In its simplest form, Knickebein was a sort of radio-based map of buried treasure, where ‘X’ marked the spot. The Germans had installed a radio transmitter on the German–Dutch border,23 and another to the north, on the border with Denmark.24 The two transmitters each projected a radio beam westward, with the two beams intersecting over British skies.

			A pilot could ride these radio waves like electromagnetic highways, using the receiver in the cockpit of his plane to hear if he was on track, the system very similar to the Lorenz landing beams used at airports before the war. A steady tone coming through his radio would tell the pilot he was on course with one beam, while two steady tones would tell him he had just passed the second beam, and therefore crossed an intersection. This double tone was the signal that it was time to drop the aircraft’s payload of bombs, providing an accuracy of about a square mile.

			The X-Gerät followed the same principles,25 but it was the far more sophisticated system of the two. With this technology, a pilot didn’t just cross two intersecting beams, but received several warning beams telling him he was approaching the target. The X-Gerät beams were easier for the pilot to follow – there was a visual arrow display, rather than just a radio tone – and they also reduced the risk of human error, offering more warning and automatically triggering the bombs to drop.

			It’s not that the British hadn’t known26 about the civilian Lorenz beams. But the beams had always been used for short distances. The prevailing wisdom at the time was that such a precise radio beam would not be able to bend around the curvature of the earth, and therefore couldn’t be transmitted unimpeded from Germany to Britain. Now, it appeared that this assumption was wrong – under some conditions, beams can bend.

			Worse, this basic question of physics had suddenly become less relevant. In May 1940 Germany launched a coordinated attack on France, Belgium, Luxembourg and the Netherlands. On 22 June, the day after Jones first met Churchill at Number 10, the French government signed an armistice agreement with Hitler. Within months, the transmission towers would no longer be limited to German soil, but could be installed in locations all along the French side of the English Channel. With the port of Calais just over 20 miles from England’s south-east coast, it was a distance so small that the earth’s curvature made little difference at all.

			In the months since the investigation into the beams began, the world – and Jones’s own life – had changed dramatically. Jones had married, and he and his new wife Vera, a fellow student at Oxford, had moved to a top-floor apartment in leafy, suburban Richmond. The flat offered a fantastic view out over London’s western edge, with the towers of Windsor Castle just visible in the distance.

			The property had been easy to find27 – many of their neighbours had already fled the city, and they had good reasons to go. Despite the stereotype of the British stiff upper lip, the mood regarding the possibility of an imminent German invasion verged on the hysterical. Regular Britons were preparing to defend their towns with hunting rifles and golf clubs,28 and one popular rumour warned that the Nazis would make their first incursion by parachute, their troops dressed as nuns.29

			Meanwhile, the reality of Britain’s poor defences was obvious, at least to those who were feeling clear-eyed. Notably, that didn’t include some of the old dogs of the Royal Air Force, who persistently claimed that British pilots, hailing from a nation of legendary mariners, could easily navigate using only the stars. The record, however, suggested otherwise. Far from being master navigators,30 British pilots seemed worryingly prone to flying into hills, as Jones pointed out,31 winning few friends in the process.

			Churchill himself32 was painfully aware of Britain’s isolated position. In between rallying the nation, the great bulldog of British political life was spending much of his time attempting to cajole Franklin D. Roosevelt, the US president, into providing more tangible support.

			But despite his charisma, the prime minister’s cajoling had so far failed. The Americans were mostly sympathetic to Britain, but the country had retreated inwards, with powerful isolationists demanding that Roosevelt stay out of what they saw as a distant European war. At this sombre and discouraging moment, Jones’s revelations in the Cabinet Room at Downing Street about the significance of German beams were not exactly welcome news.

			As the young scientist finished laying out his evidence, the mood in the room was one of incredulity,33 Churchill later reported. The prime minister, however, seemed immediately to grasp the implications of what Jones had just said.

			‘No longer therefore had we only to fear the moonlight nights, in which our fighters could see at any rate as well as the enemy,’ he wrote in his post-war memoirs. Now, the country must expect attacks even during cloud and fog, and the attacks would be far more accurate and devastating.

			If Jones was right, German bombers were no longer dependent on what they could see with their own eyes. It was a technical leap in blind, precision bombing.

			As for the British, they had nothing that matched the X-Gerät system, or even Knickebein. Onboard radar, which used bouncing radio waves to detect incoming planes, would be used in the coming months in the Battle of Britain, but it was not yet particularly reliable. Compared with the Luftwaffe, the young pilots of the RAF were flying blind.

			Any objections from the other officials around the table that morning, all of them far older than Jones, were quickly overruled. Churchill promptly gave his full blessing to the search to find and cripple the blind-bombing beams.

			Now Jones would have a chance to prove whether his theory was correct.

				
					* Notably, Marconi exemplified not only the technical leaps of his era but also its political extremes. He became a committed fascist, supported Benito Mussolini’s rise in Italy, and saw a clear link between his role as a harbinger of revolutionary radio technology and his political ideology. The word ‘fascio’, he liked to point out,9 could be translated from Italian as ‘beam’.

			

		

		
			Chapter 2

			Confusion to Our Enemies

			What is the key to a flawless act of deception? In other words, how do you pull off a practical joke?

			R. V. Jones revisited these questions many times in his life. But perhaps the first time1 he formalised his philosophy was in a top-secret report he wrote later in the war, outlining three approaches to manipulating the Germans’ blind-bombing systems.

			The first tactic focused on pulling off a simple trick: mislead the enemy, so he thinks he has attacked the correct target (Jones’s enemy was always a ‘he’). The second was to induce mistrust. Even when a pilot’s signal is accurate, his faith in both his technology and his own senses should be so undermined that he is not sure which to trust – with the result that neither works particularly well. The third tactic was pure shock and awe. Knock out the navigational system in what Jones called a ‘crude and rapid way’ so that the enemy instantly knows that their equipment is useless. Confronted with the futility of resistance, he then simply gives up.

			When it came to the strategy for tricking the German beams, he declared that the best countermeasure was to use all three.

			If obfuscation has always been one of the central tools of any intelligence agency, the early summer of 1940 was a time when such trickery assumed life-or-death importance. In preparation for a potential invasion, street signs were taken down across the country and street maps withdrawn from shops. These policies, born largely out of desperation, were further extended to the electromagnetic realm. The goal of the British was to take the space, and sound, above their country, and transform it into an optical illusion.

			The cryptographers and secret M room listeners were the ‘gatherers’ of the emerging beam team, but a new set of experts was now needed for the hunt. The unit created to tackle this delicate challenge was called No. 80 Wing RAF,2 initially based in Aldenham Lodge, Radlett, another requisitioned country house north of London, and it adopted a rousing motto: ‘Confusion to Our Enemies’.

			After one sleepless night – Jones was briefly horrified by the prospect he had got it all wrong and wasted Churchill’s time – the beam theory was proven correct. A flight crew was sent into the night sky, trawling the expected area while toggling their radio; eventually, they heard the beams for themselves. Now the British faced their next challenge. Once it was clear the beams were there, how did you disrupt them?

			The man in charge of 80 Wing was Wing Commander Edward Addison, an RAF signals specialist and veteran of the First World War, who worked closely with another physicist, Dr Robert Cockburn, to create countermeasure tools. Both became Jones’s close collaborators, and both immediately encountered yet another fundamental challenge to tricking and jamming the German beams.

			It was simple in theory to disrupt a radio beam, especially one like Knickebein, which was less complex than the X-Gerät system. Generally, you only needed to create a stronger signal on the same frequency, drowning out your target with a wall of what Jones described as deafening ‘mush’, the same way you could drown out an unwelcome conversation by singing loudly.

			But there were no purpose-built transmitters in the RAF’s signals arsenal that could broadcast on the German beam frequencies, let alone transmitters sophisticated enough to create ‘fake’ beams that could elegantly draw the Germans off course.

			While 80 Wing rushed to build a custom-made solution, it came across a grim but crudely effective stopgap: diathermy machines, electrified tools that use powerful radio waves to cauterise skin and flesh after surgical operations. These, by coincidence, used precisely the right frequency. And so the unit began sending in RAF officers, in official kit, to pry the sets away from hospital operating theatres.3

			The customised ‘jammers’ that the unit created later weren’t much more complex. To sow confusion, 80 Wing transmitted a persistent pulse noise across the country on the Knickebein frequency, the radio equivalent of a million airborne signs that, no matter the direction, told the Luftwaffe pilots to turn ‘left’.

			If the approach seemed just a little bit silly, this was very much 80 Wing’s signature strategy. In time, the unit’s collaborations across intelligence, signals and the RAF itself expanded to the creation of fake homing beacons4 and a campaign of decoy ‘fires’ littered across English fields, designed to look like burning villages from the sky above.

			Where mountains and coasts were immovable, and London – in its vast sprawl – was impossible to hide, radio could offer up new information to air crews, and thereby sow disinformation. In Jones’s world, a joke could be played with the eyes and the ears to deceive, obscure and even intimidate.

			But in this new technological age of warfare, these were still human systems, full of human flaws, ones that could both work for 80 Wing’s campaign of confusion – and against it.

			On the evening of 6 November5 1940, a Heinkel He 111 bomber, muddy green with a white-bordered black swastika on its tail fin, took off on a nighttime sortie from near Vannes, a picturesque medieval town on the southern coast of Brittany. The plane’s target was in the English Midlands, a journey that required it to fly north-west, passing over the Nazi-occupied Channel Islands of Guernsey and Jersey, before heading inland above England’s southern beaches, with their tiny fishing villages and white cliffs.

			It was two months into the Blitz and an enforced darkness shrouded Britain, its curtains firmly drawn, all street lights snuffed out and any white laundry taken down before evening fell.

			Just as the bomber was coasting menacingly above the country’s southern coast, the four-man crew realised they were struggling to pick up the X-Gerät beams that should have been guiding them to their target. The pilot dipped beneath the clouds to try to glimpse the port below, possibly looking to bomb nearby Bristol to the west instead, but the ground below offered few clues to their location.

			The crew decided to cut their losses and head back towards France, and this journey seemed simpler: a homing beacon at Saint-Malo, on the northern edge of Brittany, was drawing the bomber back across the Channel. Once the crew glimpsed water, they concluded they were in the Bay of Biscay, the scoop of coast that links western France to Spain. But by the time the crew decided they had overshot Vannes, the plane was running low on fuel and they were forced to make an emergency landing onto a strip of beach in northern Spain.

			They were, in fact, in Dorset. A simple trap set by 80 Wing – fake radio homing beacons, designed to trick Luftwaffe pilots into thinking they were in France – had led the bomber straight back onto British territory. Almost immediately, three of the flustered and exhausted Germans stumbled across groups of soldiers, making it painfully clear how poor their luck that night was. The fourth crew member had it even worse. Not longer after, his body washed up on the shore.

			German bombers and their crews were always a treasured prize, but this particular plane was especially valuable. The Heinkel formed part of an elite unit of the Luftwaffe, the Kampfgruppe 100, and was equipped with the more advanced X-Gerät receivers. The surviving crew members were destined for interrogation at the Cockfosters Camp.

			Because the new receivers hadn’t yet been widely rolled out, the KGr 100 unit played a crucial role: its Heinkels, guided by distinctive new antennae protruding from the top of the plane, were the ‘pathfinders’ for the rest of the aerial fleet. Their crews would find the specific bombing target for the night and carpet-bomb it with fire-starting incendiaries that built to an inferno, providing an obvious target for the following worker-bee bombers to find.

			By November 1940, Knickebein – the radio navigation system the Germans first deployed – was frequently rendered useless.6 Frustrated by the interference, the Germans increasingly changed the beams’ frequencies to attempt to evade detection. As a result, Bletchley’s Enigma cryptographers were forced to undertake a daily race against time, decoding both the frequency and the beam’s target just hours before the start of each night’s bombing raid.

			It would have been an exhausting and stressful task at the best of times, but this period of frenetic effort was taking place amid some of the darkest days of the Blitz: every error meant a potential loss of hundreds of lives. Meanwhile, there was no guarantee that everyone on the beam team would themselves survive the night.

			The X-Gerät system was even harder to decode. Although the British understood roughly how it worked, it seemed they were powerless to disrupt it. In truth, even when Jones and his team found the right frequencies, their ‘dummy’ beams were not transmitting7 the correct note. The X-Gerät receiver on the Heinkels filtered out anything but the perfect pitch: a high C. The British had been sending out a high G. It was like playing Beethoven when the recipient can only hear Mozart: silence filled the gap.

			In a brutal twist of bureaucracy, the clue the beam team needed was now sitting on a Dorset beach, salt water lapping at its wings. The plane had crash-landed into a grey area, spurring a fight over which branch of the military was responsible for pulling it out. The Royal Navy, since the plane was technically in the sea, or the RAF, since it was, after all, a plane? As officials bickered, the tide came in, half-submerging the Heinkel in the water and permanently damaging its equipment.

			Just over a week later, Jones set off for home on a Thursday evening, unaware of the clues hidden inside the half-drowned bomber. The early-winter sky was already dark, but he noticed that London was precariously bright. Across the country, moonlight was reflecting off the pavements, lighting the streets in painful if beautiful detail, nearly bright enough to read a newspaper by. The night of 14 November 1940 offered up the perfect ‘bomber’s moon’.

			Jones was already wary of what the hours of darkness might bring. It had been one of those frustrating days when the codebreakers hadn’t been able to find the frequencies for the German beams in time. Facing no better options, he had simply taken an educated guess, and by pure luck his guess proved correct. But without knowledge of the Heinkels’ special filter, his stroke of good fortune was worth nothing, so it was impossible to jam the beams.

			It was a particularly bad night to be going in blind. For days, intelligence sources had been picking up on the warning signs of a major raid,8 one the German messages referred to by the codename Mondscheinsonate or ‘Moonlight Sonata’, after Beethoven’s well-known composition for piano.

			Earlier that same day,9 a memo to Churchill predicted when and where the assault might come, getting both details wrong. But before half past four,10 the call from the Air Ministry went out to the rest of the British high command. Moonlight Sonata was about to begin.

			When the sirens started to wail11 just after 7 p.m. – earlier than usual – much of the small industrial city of Coventry was still in the midst of an early supper or on the way home from work. Decades later, it was the very same striking moonlight Jones had seen on his way home that many people would remember about that night.

			For those caught outside, the atonal drone of the planes arriving overhead was quickly followed by the whistling of small incendiary bombs, smacking the pavement as they landed before quickly bursting into flames. Those who paused on their way to the shelters were struck by the scene’s improbable beauty. On the roof of the hospital, one of the doctors watched as hundreds of fires rapidly spread across the city below. It was a sight he compared to ‘lights twinkling on a mammoth Christmas tree’.

			Coventry was being bombed by the Kampfgruppe 100 Heinkels, the hordes sailing eerily over the more obvious targets of London and Windsor Castle as they followed their invisible radio highway. With the shower of tiny firebombs, the ‘pathfinders’ marked out the city for the waves of bombers to come.

			It’s difficult, in retrospect, to convey the sheer helplessness that Coventry experienced that night. The anti-aircraft guns shaking the ground as they fired at the Luftwaffe above were almost entirely useless,12 and the scrambled RAF fighters failed to do much to staunch the flow of bombers.13

			The Luftwaffe had free rein. For the next 11 hours,14 the Germans bombed the city in a virtually unbroken stream, flying to France and back to stock up with fresh bombs.

			The city’s most basic resources were quickly destroyed: water, electricity, telephone lines.15 On the upper floor of the hospital, near where the doctor had watched the first bombs land, fracture victims lay immobile in their beds. After a hole was blown in the wall of their ward, patients spent the night watching German planes streaming high above, framed in the open air against the glowing sky. Some Luftwaffe pilots later claimed that the distant light of the bombed city was visible from the English Channel.16 The burning of Coventry was certainly visible on the ground from nearby Birmingham, where residents reported a deep glow in the distance, like the crest of a bloody sunrise.

			But inside the shelters, lit only by hurricane lamps and rocked by the calamitous thud of bombs crashing on every side, the population had only two options: wait for the night to end and pray.

			Although the bombing of Coventry was at least partly in retribution for a British raid on Munich,17 that attack was comparatively small and ineffective. The damage caused by Moonlight Sonata, in contrast, was out of all proportion. In its honour, Joseph Goebbels, the Nazis’ propaganda chief, was said to have coined a new German word, koventrieren: to flatten, to obliterate, to make disappear.18

			The assault stretched across Coventry, leaving barely a street or a factory untouched, but it was plainly focused on the heart of the small city, an area less than a mile wide. The tiny medieval streets, six theatres,19 ten hotels, the central library and the greater part of Coventry’s Gothic cathedral were all destroyed. Five hundred and fifty-four20 people were killed and hundreds more injured in a bruising assault that represented a shift in Germany’s bombing strategy.

			London’s strength in the Blitz lay in its sprawl. Whatever Nazi propaganda claimed, the spirit of the city couldn’t be snuffed out in a single night. Coventry was different – the city would never be the same again.

			Now it was the turn of British propaganda to spin its gears. Despite claims of good spirits and defiance in the dark days after the bombing raid, those who were there reported numbness and shock; an investigator visiting the day after the raid remarked that the dislocation in the town was so total that residents ‘easily feel that the town itself is killed’.21

			The truth was that the British had few options to stem the bloodshed. Despite claims to the contrary that bloomed after the war,* what little the military could have done to prevent the bombing of Coventry likely rested on a secret campaign, unknown for decades to the public, to trick and distort the enemy radio beams bisecting British soil.

			In the following days, an investigation revealed the secrets of the Heinkel and its radio receiver, sitting in Farnborough airfield in Hampshire. Jones was furious that the secret of the filtered high C pitch had been discovered too late.

			‘I was so indignant23 that I said that whoever had made such an error ought to have been shot,’ he wrote.

			It was a harsh assessment. Even if the British had managed to successfully jam the beams, could the city have been saved? Could more people have been evacuated? To this day, these are still open questions. Either way, Coventry was a brutal lesson. The war was occurring not just in the air, but on the radio waves. On 14 November 1940 technology and nature had, for once, conspired. The city was cursed with both unimpeded radio beams and a night of perfect moonlight.

			In the months that followed, the war suddenly turned, and the beam team pulled off their most resounding victory yet.

			The Germans introduced a third beam technology, Y-Gerät
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