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			To Dad

			For roots and wings, and for everything else

		

	
		
			
				Author’s Note

			

			The inspiration for this book came during a single astonishing encounter I had several years ago.

			It was the fall of 2018 and I was very far from home, covering a conflict for The New York Times Magazine in a place where everything felt unfamiliar. I’d spent more than a decade traveling to and sometimes living in war zones, but there—northern Yemen, in the midst of civil war—I was beginning to feel like I might be a stranger in ways I didn’t even comprehend.

			To get there I’d had to travel in disguise. There’d been a hurried parking lot rendezvous down in the southern port city of Aden, where three young men dressed me up in local clothes, wrapped a scarf around my head, and shoved a fistful of psychoactive khat leaves into my cheek. They bundled me into the back of a 4x4 and told me not to speak as we tried to survive checkpoints with ever more adolescent and twitchy-looking gunmen. We rode half the width of the country, crossed into rebel-held territory, and then pulled off for cover under a stand of thirsty-looking trees, and I was passed to another team of wartime entrepreneurs, who packed me into a different 4x4, and spirited me the rest of the way north to spend the night in a city under siege.

			The next day we drove farther, trying to find a village in a remote region where the incident I’d come to write about had taken place.

			When we finally arrived, an interpreter and I walked out across an endless valley of black rock to what had once been a water-drilling site, and I began interviewing villagers.

			But I was distracted. Off in the distance there was this boy who kept leaning down and combing his fingers over stones, as if collecting seashells. Every once in a while, he’d pick one up and inspect it. At some point he walked up to me, touched my arm, and, without saying anything, handed me three he’d collected.

			They were heavier than I expected. Notably, exotically heavy. I’d been told the terrain here was volcanic; I was thinking perhaps there was some interesting chemical explanation for why even the rocks felt foreign to me, but then the boy said something to the interpreter. The interpreter paused. Something moved across his face. He turned to me and explained that it was actually shrapnel. I was holding part of a bomb.

			There must’ve been something in my own expression, and one of the village men standing nearby must have seen it, because a little later, we all gathered in someone’s living room, this one villager followed me there, and when we were all sitting on the carpet, he asked me to touch his face. He leaned forward, chin-first, and cocked his head as if about to wink. He said there were also pieces of metal still lodged in a lip of skin beneath his eye. I paused and he nodded as if to say, Go on.

			So I reached out my hand. And in this instant of odd intimacy between two strangers, a whole distance collapsed. My own long, harrowing journey to get there—all the switchback flights at indecent hours, the endless sessions politicking for documents from semi-legitimate ministries, dodging the surveillance of curious nearby nations and bidding for gentleness from militias, the disguises and checkpoints and satellite phone calls to editors—all of it was gone. And so was the distance traveled by the metal itself, from a weapon assembly line 9,000 miles away in the American Sunbelt to an air base in the Gulf, the pylons of a multi-role combat strike fighter, the airspace above a wind-scraped Yemeni valley where villagers were celebrating around a drill that had just struck water, and into the tissue of a man who’d never been outside his village.

			I touched this man’s face, all the space fell away, and what was left was just this idea: that maybe a response to the problem caused by this thing, this particular bomb, was in the story of the bomb itself.

			Once I was back home, a former U.S. Navy bomb disposal technician and a Human Rights Watch investigator helped me trace the flecks of metal in the villager’s eye back to a small, inexpensive weapon called “Paveway” that had been assembled by union machinists in a plant just off the airport in Tucson. But the deeper I dug, the more this one bomb revealed itself to be part of a much larger story.

			

			—

			But for a full year after returning from Yemen, I couldn’t figure out how to tell it. And when I finally did, it was only because I happened to meet a woman from a different faraway country where this one weapon had been deployed—a woman who’d seen it threaten her own family and who then came to help my own.

			She was working in eldercare by the time I met her; it was a moment when I’d begun to confront mortality at home. Parents and grandparents showing signs of frailty, a constellation of diseases in accelerated progression. My grandfather was first in line but only by a little. His health went into rapid decline, and then, before any of us quite understood what was happening, he was on his deathbed. He began to slip away on a makeshift gurney in a Florida apartment, and for a good while none of us were there.

			But this woman, Radica—she was. Pop lay there threatening to die alone, and Radica affixed herself to his bedside, simply refusing to leave. She changed his diapers; she soothed and humored him. She blocked the reflexive swats when minor movements shot pulses of pain through him. She smiled at the little insults; she ignored his jokes about her accent. She brushed off the last half-assed advances of a dying flirt, and when I finally made it there, she became my friend. During those borderland minutes, watching and waiting together, she told me her story.

			And after, as I thought about Radica’s life—her journey from Serbia, dodging bombs in a town called Lučani, a stint in Belgrade, a transcontinental move to the strange outer planet called Florida and then to an eleventh-floor apartment on Sarasota Bay—I began to see the thing that had driven her away, this one specific weapon, in more and more unexpected places.

			So the book you’re about to read is in part the unlikely story of an extraordinary invention. It’s partially about the way this one physical thing went from being a product of history to an agent changing it, a genealogy tracing aspects of the world we now live in—from technologies embedded in our daily lives to the relationships between nations—back to this one device.

			But more than that, it’s the story of people. The people who make war possible and the people who survive it. This book is an attempt to bring what happens in the backrooms and boardrooms and war rooms forward, to show its role in the blood and matter of actual human lives, in actual human minds.

			The characters in each part, the real people, have never met. They are connected by a device whose purpose is disconnection. Among the unexpected things they have in common is that their lives have been changed by a weapon invented to expand the physical and emotional distance between people on either end of conflict. And, in so doing, to take people out of warfare.

			This is an attempt to put them back in.

		

	
		
			
				Prologue

				Joe

				

				(Project Anvil)

			
		

	
		
			August 12, 1944, 1815 Hours

			Somewhere over Suffolk, near the North Sea

			Joe Kennedy Jr. has his hands on the yoke, 2,000 feet above the English countryside in the cockpit of a rattling, war-weary plane.

			Across the channel, Hitler is building a weapon. A city destroyer, a machine out of a nightmare, coming together in a bunker buried under stone and cement in Nazi-occupied France. When it’s finished, it will easily reach London. Thousands will die, maybe millions, so Joe Kennedy, oldest son of a fledgling dynasty, is on a top secret and perhaps foolishly dangerous mission.

			His plane is packed with nearly 22,000 pounds of British Torpex torpedo explosives. They’ve been crammed into every spare crack and corner: explosives packed under the nose wheel, boxes stacked up on the command deck, in the bomb bay. Hundreds of pounds of explosive bricks rattle right next to him in the pilot’s compartment as he watches the countryside go by.

			Joe is excited. Missions don’t get any more noble than this. He’s inside the world’s biggest-ever bomb. He’s trying to stop Hitler from destroying London.

			Hitler is already launching his new inventions at England. The Nazis call them vengeance weapons, Vergeltungswaffen. There’s the V-1, a powerful, inaccurate missile, and the V-2, based on a rocket designed by Wernher von Braun, an ambitious engineer who will go on to become an unlikely celebrity in America.

			Now, for the V-3, Hitler’s assigned von Braun and an army of slave labor to realize the dream: a supergun. Once up and running, the V-3 will be like a rifle fired by giants. A gun with a barrel longer than a soccer field, each bullet not really a bullet but a nearly eight-foot-long battering ram screaming across the English Channel at five times the speed of sound, crashing into London with enough energy to atomize whatever it hits.

			The effect will be devastating: whole city blocks gone in a flash. And that’s if Hitler fires one. The bunker Joe Kennedy is now flying toward is designed to hold fifty supergun barrels.

			With underground teams reloading them, Hitler could launch something like two hundred missiles every minute. London could just disappear. And he won’t stop there. Hitler wants battering rams screaming across oceans. He wants to hit New York. He wants to see cities on fire in America.

			In America, generals and engineers have been scrambling to come up with a way to destroy the supergun before Hitler destroys London. Hitler’s men are invisible, underground, but at battalion strength, 5,000 men working twenty-four hours a day, and the Allies didn’t even learn about the new weapon until construction was well underway, and only then because agents with the French underground started reporting on something awful being built, and then a photographic intelligence expert hunched over prints of the French coastline noticed something odd: a strange arrangement of tiny crow’s-feet—train tracks—running along the countryside but then simply disappearing. Tracks that stopped in the middle of nowhere. Why build a railroad spur with no destination?

			Unless the tracks didn’t end but became invisible—unless they slipped underground. Something underground—it had to be a bunker—required the kinds of supplies only heavy rail could provide.

			Now American intelligence officers don’t know exactly how long they have before Hitler’s new doomsday machine is ready to start firing.

			Engineers in Florida built massive concrete structures, panhandle renditions of Nazi bunkers, and then tried to blow them up. They dispatched ideas to England, where early air raids against the bunker didn’t seem to work. It was hard to be sure—pilots had to worry about antiaircraft weapons around the bunker, flying anywhere near it was dangerous, and everything was below the surface—but after the first Allied raids, the bunker showed little outward signs of destruction, and they kept losing planes and men.

			Allied engineers became fantasists, their ideas flying at fission speed, but nothing seemed good enough until someone decided to try a radical plan born from reducing the problem down to its most basic form: you couldn’t get enough explosive force close enough to the supergun bunker to destroy it and still return unscathed. So, what if you removed “return unscathed” from the equation?

			If you didn’t have to worry about getting a plane carrying bombs safely back to base, maybe you could make the plane into the bomb. A kind of…steerable bomb.

			And maybe there was even a way to control the plane—the bomb—with no one in it, using a novel technology most people hadn’t encountered yet: television.

			Engineers came up with a rig of rods and levers to hold the cockpit controls, and a way to control them remotely so the plane could be flown without anyone on board. They started working on a way to transmit moving images between two planes so the one they began calling the “mother” could see what the one they called the “baby” was seeing.

			Early tests were promising, but there were problems that refused to yield even to the most ardent minds: they couldn’t come up with a good way to get the camera mounted on the baby to move independently, which meant that, even with live images, flying it remotely would be like trying to run with tunnel vision: eyes locked forward, unable to look up or down or to the side. They’d just have to deal with that. The more pressing problem was that even once they’d figured out how to fly a plane without anyone inside it, taking off was still too complicated to do by remote control. The soft-touch coordination required to get a plane from the ground into the air was too subtle a maneuver for a few robot arms bolted to the yoke. Time was of the essence, though, so engineers and mission planners agreed on an inelegant solution: they’d put a pilot and copilot inside the baby to take off and, once airborne, the mother would take over control and the two-man crew would parachute out.

			They’d just have to hope they could find pilots who, for whatever reason, would be willing to sit inside a flying bomb.

			

			—

			Joe Kennedy Jr. was a young man who looked out on the world and saw things he was capable of changing. His life had unfolded in a way that gave him reason to believe he was protected by higher authority—God, his dad, maybe both—and fated for great things. Confirmed as a hero as far back as the summer of ’28 in Hyannis Port, when an adolescent Joe and his malnourished-looking kid brother John entered a race in their new sailboat, won, went home, then saw a boy struggling in the bay and went back out to save him, and got written up in the newspaper.

			Back then, Joe had no reason to believe he was incapable of heroics, and when he began telling college friends he’d be president one day—the country’s first Catholic president no less—not everyone laughed. There was no obvious reason a person like Joe Kennedy shouldn’t apply his gifts, financial and physical ones, genetic ones, to the enterprise of heroism or at least leadership. People seemed to lean in to him. Their explanation was usually his eyes—striking, smiling blue eyes, the open inquiring kind with a little bit of humor in them—and sometimes just status. He’d gone to Harvard with a spending allowance the size of a financier’s salary and doled it out generously for parties and sometimes friends, and he spent a college spring break road-tripping across Europe in a Chrysler, a college student not just barhopping across hostels and passing out on the cobblestones of some historic Olde Alley but taking meetings his father set with ambassadors, functionaries, the pope. He had the confidence good bone structure and money can buy. Joe, the oldest of eight, was always strapping and healthy, comfortably above John, who, as a kid, was so sick so often that his life seemed to consist mainly of recuperation and writing whiny letters about his older brother. Joe looked after Rose, the sister who confounded their parents and whom teachers called “deficient.” He took her as his date to college dances, to fancy events at the yacht club, to sceney places in Manhattan.

			He saw things he could make better, happier; things he could correct. A sister, a party, perhaps even a family legacy: his father—banker, billionaire, Hollywood mogul, and the last ambassador to England—had tried to stop America from entering into the war. Joe Senior had championed peace rather than a war that threatened his wealth, but now Joe Senior was home and British civilians were being killed. England was under a bombardment that would surely become much worse once Hitler unleashed his new supergun.

			So, if Joe Junior was a caretaker of family, of pretty women, of country, then why not of London too? Why not also be a restorer of his father’s legacy? And if there was glory to be had, a good installment in a presidential biography at some point in the future, that was only a bonus.

			Plus, privately, there was something else.

			Joe was the golden child and leader of the Kennedy clan, but he’d actually been having a bad year, one of his firsts. In this one enterprise, war, he’d begun to feel something awful and new. For the first time, when he looked at his peers, he was not better, kinder, more accomplished than they were. It turned out he was not a natural pilot. For perhaps the first time in his life, at almost thirty years old, he was not all that good at what he was doing, and others were catching up. Even his sickly little brother John was catching up. John shouldn’t even have medically qualified to enter the war but, perhaps with their father’s hand on the scale, he did. Not only that, John was commissioned as an officer almost immediately. Joe was still a cadet, suddenly outranked by his twerpy younger brother.

			Joe started to struggle. He was anxious. He lost weight. He felt a new sense of urgency, a need to do more. He got sloppy. He couldn’t remember instructions; he couldn’t retain information. The closest he got to combat was long patrols around Puerto Rico, looking for German U-boats that were never there because why the hell would German U-boats be near Puerto Rico? He was about as far from the action as it was possible to be while wearing a uniform, all while John went to real war in the South Pacific. As Joe stumbled further and further from glory, his brother made headlines rescuing men on an ill-fated torpedo boat mission, and it was almost more than Joe could bear. So, when his squadron was called in for a meeting and the CO asked if anyone wanted to volunteer for a top secret and extraordinarily dangerous but very important mission operating out of an airfield in the eastern part of England, it was perhaps inevitable that Joe would jump up before the briefing was even over and wave both his hands.

			

			—

			When he first climbs aboard to inspect the modified B-17 Flying Fortress, it feels like the hold of an old pirate ship. A hulking fuselage, empty of almost everything, a giant echoing cavern with a lone pilot’s seat. The copilot will have to crouch.

			It doesn’t feel like something that can fly. Several tons of gear have been stripped away. Every instrument, every bolt and screw not absolutely necessary for flight has been removed.

			The mounted machine guns have been replaced with painted black sticks.

			It’s unnerving inside, but it’s also impossible to ignore the sense of gravity. He’s standing inside the biggest bomb ever. Once its new cargo is fully loaded—374 boxes of torpedo explosives packed around him so tightly it will take perfect choreography to parachute out alive—the baby will be the most explosive weapon in military history, a record it will hold for a year, in secret, until an atomic bomb is dropped on Hiroshima.

			As he waits for the mission to proceed—practicing the parachute maneuver, supplying his squadron with good bourbon and eggs from the important people he knows at the embassy in London—the war enters a horrible final spasm. The supergun across the channel is surely nearing completion, but in the meantime Hitler unleashes his other weapons on London. Spotters take to the roofs as they did during the first Blitz, and down in the alleys and mews and courts of London people are traumatized all over again. London becomes a three-tiered city. Communities above, people hanging on to parapets, straining to see beyond the fog; communities gathering underground and in the normal places too.

			Then D-Day, the Allies landing at Normandy, Patton’s army progressing. Hitler’s missile tantrum: V-1s and V-2s pounding London. He’s been at it for weeks, the city cowering. Nurses and American GIs down in the Tube tunnels hug each other, and they have no idea what they’re in for once the V-3 supergun starts firing.

			

			—

			It’s early evening when Joe Kennedy climbs aboard the baby for the mission.

			The weather is fine, a shin-high fog from the morning having burned off. With a parachute on his back, a backup strapped to his chest, and scribbled notes from the preflight briefing on his kneeboard, he wriggles up past the landing gear. He heaves himself up into the B-17’s nose, and his copilot climbs up soon after.

			A radio control tech is already inside, working through the last of the prep.

			Joe settles into the pilot’s seat. He puts his hands on the controls and looks out the left side window, where a mechanic standing on the tarmac gives him a thumbs-up.

			Joe begins the engine start-up sequence. He starts with engine three; the mechanics said engine three gave some trouble during morning check, not holding its RPMs, and now it protests, it screeches and whines, but soon it’s chugging. The propeller starts to turn, and Joe continues the process. One by one, the 1,200-horsepower engines cough themselves awake, spit flames back, and sputter to life, all four of them beginning as a rumble, rising to a shriek that vibrates the metal shell, so the boxed explosives stacked around him go a little blurry.

			He raises his hands up in front of him so out on the tarmac the ground crew can see, sticks his thumbs out, and yanks at the air. Crewmen scurry under the plane to pull the chocks from the tires.

			The B-17 is free.

			He nudges the throttle, engine noise rising across the airstrip as the massive warhead tries to heave itself into motion. The wheels begin to turn, the plane moving now. Joe taxis to the end of the runway, and it’s time for the final test.

			With the plane positioned for the takeoff run, Joe lifts his hands off the controls and waits.

			There’s a sudden bang from behind him. On the plane’s tail, the flaps have clanked down, as if all by themselves. It’s eerie. It’s almost funny. From somewhere out of sight, the mother, already airborne, is manipulating his plane.

			“Down elevator,” he confirms over the radio. He waits some more. Another clank; a fin on his right wing moves.

			“Right aileron.”

			Joe gives the radio tech next to him a look. The tech shakes the copilot’s hand, then looks back at Joe.

			“Wish I was going along with you.”

			“You’ll make the next one,” Joe says. He tries for a little gallows humor. “And if I don’t come back, you can have the rest of my eggs.”

			The tech nods, retreats, drops down from the plane. Joe tests the engines one more time; engine three still a little off, something not quite right. He signals for a mechanic to come back for one last check. They decide it’s good enough; it will have to do. The mechanic hustles back down and out of the plane’s way, and Joe looks down the runway. It’s time.

			He puts his palms over all four throttles. He pushes them all forward, all together, all the way.

			The squatting copilot grips the side of the seat as four propellers claw at the air, the weighted-down baby resisting, like it has its own opinion about the mission, and it takes a few long breaths before the wheels begin to roll again and the whole creaky thing is moving, taking too long to get to speed, eating up too much runway, staying on the ground for as long as it can and closing on the field beyond. And then finally, at the last moment, the baby concedes and lifts into the air.

			

			—

			For Joe Kennedy, riding a guided bomb up toward the cloud cover, there’s now relief. Not just because the lumbering thing is airborne but because he’s been worried for weeks now that the war will be won before he has a chance to help win it. Now here he is, flying the bravest, most important mission there could be, on the way to strip Hitler of his most fearsome weapon, maybe to save thousands of people in the process.

			He eases the plane east, toward Nazi-occupied France, and rendezvouses with an escort formation: small, nimble fighter planes that will fly part of the way alongside him. And since this is a war in which everyone who can serve is serving, Joe isn’t the only royalty on the mission: just off his wing, Elliott Roosevelt, son of the sitting president, joins the formation in a de Havilland DH.98 Mosquito, a lightweight plane made of wood, fast and agile and packed with cameras to capture the final moments of Joe’s mission when he parachutes out of the baby, down to safety, to begin his march toward his planned future. Congressman, senator, one day president of the United States.

			Joe draws closer to the coast, still low enough that he can see the individual conifers that make up the forest through his cockpit window; low enough to register the surprise of colors on the heathland, moor grass so rich it looks unnatural, like purple carpeting beneath the trees. He’s almost low enough to see the two young boys who will later report that they looked up when they heard the rolling, growing chug and saw a spreading formation unlike anything they’d ever seen before, even in war. A strange flying parade with different kinds of planes—dozens of small fighters, a wooden one, a few bombers—all of them passing low over the countryside, enough hardware up there to shade the trees.

			Joe levels the plane at 2,000 feet and prepares for the last steps: setting gyroscopes and warning lights, turning on the autopilot so the mother can take over.

			He’s now just a little off course but mostly on schedule. He clicks the radio and says two words: “Spade Flush.” A throat mic picks up the pulse of his vocal cords; rubber sensors against his larynx convert his voice to an electronic signal that is then transmitted across the air to the mother flying behind him, where pilots hear a version of Joe Kennedy in their headsets.

			In the mother, the pilots confirm with each other that they’ve just been given the code phrase and they take control of Joe’s plane.

			Now Joe is sitting in a vessel he no longer controls. He watches, hands off the yoke, as his plane starts to turn.

			Joe and his copilot stay there for a moment, just riding. They fly for another ten minutes, making sure the connection between the two planes remains stable as the mother steers them toward a series of checkpoints and Joe prepares to bail out.

			The jump from the plane is what’s most frightening. At two hundred miles per hour, the slipstream can grab a body and slam it back up against the plane’s underbelly. Even if he clears the plane, when a chute deploys at that speed, the force on the harnesses is so sudden and so powerful, the sensation will be akin to having both his legs severed. Joe Kennedy is, in effect, about to jump into a hurricane.

			But he’s prepared. As prepared as can be; at least he knows what to expect.

			Twenty minutes in, the secret mission is still proceeding mostly according to plan. They’re a little off course, but there’s enough time to get back on the assigned route, planned and timed around lighting conditions for a strike from due west at 1900 hours, when the supergun site will be illuminated for the camera and any gunners on the ground will be looking right into the sun—when the effect will be of the bomb flying out of the sunset.

			The mother steers Joe west.

			Roosevelt eases his wooden plane closer, into position to photograph Joe and the copilot leaping out.

			Joe’s work is almost done. He pulls a safety pin to arm the explosives. He prepares for the jump. All that’s left to do now is power on the television camera so the baby can keep flying past the mother plane’s line of sight while the mother stays a safe distance away from the supergun bunker.

			Joe’s copilot throws the camera switch.

			In the mother plane, a television monitor flickers on, and for just a moment the crew can see what Joe sees.

			What they can’t see is a series of small flaws in the onboard electrical system that, during testing, caused the arming panel to keep lighting up on its own as if receiving some phantom transmission. Most of the engineers dismissed it as the result of random ambient FM radio signals, but a few continued to worry that it might have something to do with the television camera mounted on the front of the plane. Once powered on, the camera emits energy, which can potentially throw a nearby electrical switch that isn’t well shielded.

			By a coincidence of improvised design, there happens to be a switch housed right next to the nose camera. The switch that’s connected to the detonator, which, in turn, is connected to 22,000 pounds of explosive.

			

			—

			Joe’s plane drops from radar displays as a sudden wind rocks the other planes in the formation up and then down. On the monitor in the mother plane showing the camera feed, the English countryside turns to fuzz, and from a garden below the two boys watching the strange parade of planes cannot understand what they’re seeing. Inside the formation above them, one of the planes has transformed into an expanding disc of flame, pierced through by a giant orange beam flying up into the sky and down to the forest floor. The aircraft has been blasted into a thousand pieces by an explosion so powerful the shock wave launches doors off hinges and drives ceilings down into houses hundreds of yards away. The two boys watch as thirty tons of superheated steel and aluminum scream across the countryside, cutting through trees and turning the ground to hellfire.

		

	
		
			
				Book I

				Hilton

				

				(Operation Rolling Thunder)
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			Twenty-three years later

			Somewhere over North Vietnam

			Lieutenant Colonel Richard Hilton rockets through the sky at close to the speed of sound, five miles above enemy territory. His plane bobs in its formation. A small ship at sea, vortices of wind across the skin nudging the airframe up a little, down a little, a little over. He’s at .88 Mach, a good speed, a good, smart speed, he thinks, not cooking through fuel but fast enough to fight if the enemy jets engage.

			Which they almost certainly will.

			Rick Hilton is a savant in the cockpit. Fused to the machine and sealed off from emotion, capable of rapid calculation at speed. He processes extraordinary amounts of information almost instantaneously. Pull up, bank, engage afterburners, he turns data to decisions and decisions to action in the time it takes for a ripple of electricity to flash across his brain.

			He’s at home up here. All he ever wanted to do was be in the sky, ever since he was a mouthy kid in Oklahoma on a Sunday drive and caught the sun glinting off a dinky old crop duster flying alongside the family sedan. A four-year-old Rick Hilton blurting out to scandalized parents, look at that sum’ bitch go! Then, after his parents’ marriage blew up, a stint being passed from home to home and idle time spent at the local airstrip waxing single-engine props for the chance to ride in them, then teenage years getting into the air however he could, even when it just meant finding a ramp to ride a heavy old Harley off of and get away from terra firma for a breath or two.

			Now he’s up in the thin air, in a real live war. Up above the matted clouds because a supply line snakes through the countryside right below and the enemy’s protecting it with everything they have. Destroy that supply line and save Americans. Leave it intact and the enemy keeps feeding a beast chewing through the kids not lucky enough to do Vietnam the way he’s doing it—the kids without 20/15 eyesight and the sealed-off kind of mind for math at altitude Hilton has.

			The supply line is the problem, but as far as Hilton’s concerned, the whole war might as well be about one especially brutal section of it, a 540-foot span of steel and rebar known as the Dragon’s Jaw. The only railroad in the panhandle crosses that bridge. It’s the only way the enemy can get supplies across the Sông Mã River, so the enemy has it defended better than any target in the country, which right now means it’s defended better than just about any target in the world. Hilton’s seen just about every kind of mission launched against that bridge, and they’ve barely dented it.

			If Hilton survives this mission, it’ll be the Dragon’s Jaw that all the officers and pilots and even the Thai laborers back at base who wander across the tarmac to find work will talk about. They’ve lost friends over it. Enough failed missions, enough planes shot through and lost in the area around the Dragon’s Jaw, that whole mythologies have risen up around it: that the bridge is the stitch that holds the universe together; that it’s a link between two dimensions; that it doesn’t exist on the terrestrial plane at all. A trick of the light—some kind of hologram drawing pilots in like mosquitoes to porch lamps.

			For Hilton, it’s only by dumb luck that, for all the deadly flying he’s done over the supply line, he hasn’t yet been tapped for a mission against the Dragon. But he knows. That luck won’t last forever. If he survives today, tomorrow it’ll be the Dragon, and without an effective weapon against small targets in dangerous airspace he’s no more likely than all the pilots who’ve gone before to make it out alive.
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			Okaloosa County, Florida

			Air Proving Ground Center

			Eglin Air Force Base

			“Detachment 5”

			To Weldon Word, a blue-eyed thirty-four-year-old engineer, the problem was obvious. And almost instantly, he began to see how he might solve it.

			Just called up by his employer, Texas Instruments, from a dead-end post off the coast of Rhode Island—a year and a half sitting on ships scraping up miles of sensor data for a sonar program theoretically useful to someone but so monotonous and incremental it was hard to feel any kind of impact—Weldon had been waiting for an escape, primed to dive into a problem with real stakes, when he got the call from TI dispatching him down to Florida for an important new project just now coming into focus.

			Across from him an overenergized colonel paused a monologue about the dangers facing American pilots, pulled a file from a desk drawer, and slid it across the table to Weldon: an aerial reconnaissance shot in black-and-white. An important bridge, the colonel explained, over in Vietnam.

			To Weldon, it looked like a bridge on the moon. From bombs, the colonel said—all bombs that missed the target, and this didn’t even account for all the bombs that missed into the water. Weldon counted: ten, twenty, one hundred, two hundred…there had to be eight hundred craters near the bridge and, from the looks of it, almost no damage at all to the bridge itself.

			Weldon looked up from the photo and trained his blue eyes on the colonel, already back at top speed, holding forth on his desire to provide the boys flying in Vietnam with a new kind of weapon, one that would at least give them a chance to land a few blows against this damned bridge before they got themselves shot out of the sky.

			The colonel shifted to his wish list and began rattling off specifications.

			The new weapon would have to be effective enough that pilots wouldn’t need to linger in dangerous airspace for long or return to it again and again—a weapon that could help do away with massive “alpha” strikes and “dual axis” attacks that put hundreds of pilots in the line of fire.

			He wanted something that might allow just a few pilots to do the job that right now required dozens to even attempt.

			He wanted a weapon that could be deployed from farther away. From, say, 10,000 feet or so, high enough to keep the boys up there a little safer a little longer. And as Weldon listened—looking from the moonscape recon photo to the colonel and back, imagining how such a weapon might work—three disparate threads started to converge in his head.

			First, he was thinking about a new technology in the works, something Albert Einstein had dreamed up and the comic books seized on. Einstein had an idea that, at least theoretically, you could use radiation to amplify a beam of light to perhaps as much as a million times the intensity of the sun. To the United States Army, that idea—light amplification by stimulated emissions of radiation, or LASER—had at least one obvious application: a death ray. Over time the idea evolved into a beam that maybe didn’t kill but would still maim an enemy soldier, who would then need rescuing and medical care, removing not one but several fighters from the battlefield. The Army contracted with a company called Martin Marietta to work on LASER, but it turned out generating a beam that could harm an enemy took more energy than could feasibly be packed into any kind of remotely mobile package. Martin Marietta managed to build prototypes, and the laser beams could reach long distances, but not with enough power to do much to an enemy. All they could really do was, essentially, point at things. Even then, not all that usefully, since the versions that actually worked operated on a light frequency too high for the human eye to see. The Army had considered using LASER to try to guide one of its ground-launched missiles, but Army medical officers got in the way. LASER wasn’t powerful enough to disable a vehicle or injure an enemy soldier on the other side of a battlefield, but it was plenty powerful to blind an Army missile crewman standing beside it.

			By the time Weldon landed in Florida, the sci-fi promise of LASER had given way to the more sober reality of what was essentially just a long-range flashlight with an invisible beam, more dangerous to the user than the enemy, and lacking any practical use. But, sitting there in the colonel’s office, it occurred to Weldon that he might have found one.

			If the Army’s interest in finding some way to guide a ground-launched weapon with a laser didn’t make sense because the person operating it might accidentally look into the invisible beam, that, theoretically, wouldn’t be a problem with an air-launched weapon, since there was little risk of a pilot in the sky accidentally looking into a laser beam pointed at the ground.

			When the colonel paused for a breath, Weldon tested the water. “Well,” he said. “How about laser-guided stuff?”

			

			—

			If the laser was the first of the threads coming together in Weldon’s head, it had to do with a story beginning fifteen years earlier with the Nazis and a man Weldon had come to know well: Tom Weaver, who returned from World War II having made friends of his enemies.

			No one knew the whole Tom Weaver story, and he seemed to like it that way. He’d lost a leg; no one knew exactly how, and he gave a different explanation every time someone asked. The one thing Weldon knew about Tom Weaver was that he’d been involved in Operation Paperclip, the top secret mission to bring scientists from the defeated Nazi regime to America. Whatever Tom’s job during the war had been, his job after it had been working with a team of Germans relocated from the Reich to Alabama, where they were given U.S. government housing at the Redstone Arsenal near Huntsville and a generous budget courtesy of the American taxpayer and put to work repurposing Hitler’s rockets for the United States. Tom worked with the men who designed the “vengeance” weapons Hitler used to terrorize Europe—the very weapons that inspired Project Anvil and drove the Allies to dream up the remote-control B-17, the ill-fated early entry in the quest for a steerable bomb Weldon now found himself in the middle of.

			But from early on, the relocated Germans showed a key weakness. They’d proven to be perhaps the best in the world at launching things but were still not very good at controlling where those things came down. Steering hadn’t been a high priority when they worked in Germany: Hitler had wanted to terrorize cities full of civilians, and it hadn’t much mattered which particular building was destroyed or even what neighborhood a rocket landed in. Hitler’s V-2 could travel a hundred miles or more, but it was barely aimable.

			To turn Hitler’s V-2 rocket into something the United States could use, it needed to follow a path. To follow a path, it needed to know when it was falling off course. The Germans had access to instruments that could do that—to sensors that could generate electronic currents—but for an electronic current to really do anything—to move a fin, for example—that current would need to be more powerful. It would need to be amplified. At the time, the only available “signal amplifiers” were heavy glass contraptions, cylinders that needed to be vacuumed free of air and sealed off so oxygen molecules didn’t get in the way of electrons, and which could then turn a small electronic signal into a more powerful one and pass it on. The signal-amplifying “vacuum tube” was so key to so many early electronic devices that those devices were often given nicknames derived from it: “tube” for television; “amp” for the box that turned the nearly silent vibrating strings on an electric guitar into sound coming out of a speaker. And on a flying rocket, “vacuum tubes” were how you turned the signal from a sensor saying “time to turn” into a current strong enough to move a fin.

			Which meant that every time the German scientists launched a test rocket, a few dozen heavy glass tubes went up with it. To turn an unaimable weapon for a revenge-blinded Führer into an actually useful rocket, the scientists were going to need a lot of practice, and for that they’d need a generous supply of those vacuum tubes.

			So Tom Weaver hobbled out of Alabama and went hunting for a way to supply the underperforming German scientists with more vacuum tubes—or, perhaps, with some kind of substitute.

			

			—

			That was the second of the three threads beginning to come together in Weldon’s head as he sat across from an angry colonel with a picture of the bridge between them: strange old Tom Weaver and his one-legged quest to help aim Nazi ingenuity at America’s enemies. The last one had to do with Weldon’s employer; with the very founding of the company, and a corporate origin story that had led to this very meeting with an impatient officer of the United States military.

			The company that would become Texas Instruments was incorporated on December 6th, 1941, to sell a promising new product for the oil prospecting industry. The very next day, the Imperial Japanese Army attacked Pearl Harbor, prompting the United States to join the war and take control of oil exploration, which meant the first strategic decision they ever made was a giant bet on an industry that looked like it might be disappearing overnight.

			What the small team of brainy oilmen lacked in timing, though, they tried to make up for in creativity. The invention they’d intended to sell was a “magnetic anomaly detector,” a device designed to pick up inconsistencies in the earth’s magnetic field that suggested the presence of hydrocarbons. But if looking for subsurface magnetic anomalies to find oil had become a profitless endeavor, they figured there might now be a different subsurface magnetic anomaly worth looking for: enemy submarines. They hooked up with the U.S. Navy to work on a better method for detecting German U-boats, eventually changed their name from the generic “Geophysical Service Incorporated” to the even more generic “Texas Instruments,” and secured enough work with the Navy to survive their early misfire, though the embarrassing first step served a complex the company never quite shook: a preoccupation with trying to avoid obsolescence. If you couldn’t count on today’s customer, try to anticipate tomorrow’s.

			Some of the naval officers TI had worked with during the war became the company’s more influential executives afterward, chief among them a young reservist and budding prophet of technology named Pat Haggerty, who said that the war had given him a glimpse into the future.

			Pat Haggerty came out of the war preaching to anyone who would listen that the course of the war had been determined by technology—specifically, electronics—as much as it had been by strategy. In Haggerty’s telling, the Japanese had an advantage early on, one he swore you could attribute to factors as simple as their better binoculars and night vision. Once the Allies started relying more on radar and sonar to find Axis ships and planes, the advantage swung to the Allies. Or, Pat said, look at the planes. For a while the German Messerschmitt and the Japanese Mitsubishi Zero were nearly invulnerable—superior feats of engineering that outclassed Allied pilots and antiaircraft guns. But once the Allies started using “proximity fuzes,” enemy planes were no longer immortal. Close enough was suddenly good enough, and the course of the air war changed.

			Pat’s vision began to extend beyond the military, and he wasn’t shy about proselytizing to anyone who would listen, Weldon included. The same electronics that had given the U.S. Navy an advantage, Pat said, could one day be useful to American consumers too.

			One particular technology he thought Texas Instruments ought to take a look at was a curious new device called the “transistor.” It was a hybrid of two electronic phenomena. Everyone knew what an insulator was: a material that blocked electrical current. And a conductor was a material that passed an electrical current on. A transistor, though, could do both. The transistor was a sometimes conductor, a semi-conductor. And if you could build a device that could stop a current but also pass a current on, Pat reasoned, what you’d have, in essence, was something that could make simple decisions.

			The telecom giant Bell Labs held the fundamental patent for this sometimes-conducting device, but the U.S. government was worried about a monopoly and forced Bell to license it to other companies. It still wasn’t clear exactly how big a market there might be or even what the best uses for such devices were, but when Pat began urging Texas Instruments to buy into the idea, he was trying to persuade a corporation already susceptible to a pitch for a product that would serve a future market rather than the current one.

			By the time Weldon joined the company, TI was pursuing the “semi-conducting” device with the zeal of believers atoning for original sin and doing it in the most difficult but, they believed, most promising way. The work on semiconductor technology thus far mostly used an element called germanium, which was expensive, scarce, and stopped working at high temperatures. Germanium was generally agreed to be less than ideal, but the element theoretically best suited for the job was also the trickiest to work with; nonetheless, TI decided they might as well try. They took their license and committed to spending whatever it took to figure out how to make a sometimes conducting device out of the more temperamental element, finicky and frustrating and more brittle than germanium but almost as abundant as oxygen: silicon.

			Trying to manipulate a substance as fickle as silicon presented a host of problems. Silicon was abundant in nature but silicon pure enough for TI’s purposes was still almost nonexistent. They needed to find a way to grow silicon in crystal form, then purify it even further; and even then, silicon was highly reactive: it absorbed impurities from whatever was around it. TI needed to find a way of working with it while keeping the facility pristine; they had to avoid contamination; they needed special instruments. But TI was determined to be the ones who cracked the code, solved the silicon problem, and emerged as the leaders in…they still weren’t entirely sure what.

			Even Pat Haggerty, emerging oracle of future technology, couldn’t foresee that a silicon semiconducting device might become to the twentieth century what the steam engine had been to the industrial revolution. The early versions were unimpressive-looking things, rigid little decision-making devices—chips—but none of that mattered. It didn’t matter that they couldn’t possibly know what the future held. They just wanted to be the ones driving it this time, the ones causing the future, not just responding to it. TI wanted to be agents of change rather than victims of it, and they figured it wasn’t a failure of imagination that they couldn’t yet see how the chip might be used down the road, but rather a reflection of its awesome promise.

			Still, TI knew that the future wasn’t guaranteed. Even if they solved the engineering problems and materials sciences problems, there was still the economic problem: before they could realize the dream of electronic decision-making devices finding their way into consumer products, the chips had to get much, much cheaper. And to make them cheaper, Texas Instruments needed to find a way to sell a lot of them. They needed to find a customer who wouldn’t balk at a very high first-mover cost on a mostly untested product—a customer who, for whatever reason, would be willing to buy TI’s new chips like they were going out of style.

			And it was around then that a one-legged storyteller named Tom Weaver started popping up at electronics conferences with a generous budget courtesy of the American taxpayer and a pressing need to replace the dozens of vacuum tubes burning up every time his ex-Nazi scientists launched one of their errant test rockets.

			

			—

			By the time Weldon joined Texas Instruments in the late 1950s, there was already a sense of destiny around the unlikely marriage between the team of ex-Nazi scientists Tom Weaver was working with and TI’s Pat Haggerty–led push into chips.

			With the TI chip replacing the more cumbersome vacuum tubes, the Redstone rocket program entered a period of rapid improvement. The rockets got better almost overnight: Hitler’s vengeance weapons evolved into the Saturn V rocket, which would eventually take the Apollo mission to the moon, and the Minuteman ballistic missile, capable of delivering a nuclear payload from the Midwest to Siberia. The Redstone program became so impressive so quickly, it captured the attention of leaders even in industries beyond technology. Walt Disney took notice. No stranger to spectacle himself, America’s foremost entertainer dreamed up a way to borrow some of the Redstone program’s sheen to market a project he was working on. Disney had a parcel of land in California where he planned to build a giant tourist attraction. Since part of the plan was a “themed land” called “Tomorrowland,” designed to awe visitors with a glimpse of the future, Disney called on Redstone’s lead engineer, a handsome former Nazi officer named Wernher von Braun, to see if he might serve as a kind of spokesman. Von Braun was just a decade removed from his service to Hitler in the SS, but Disney saw promise, and together they made a series of television specials in which von Braun, addressing the camera with his German-accented English, taught the public about the future of space exploration and, while he was at it, about the exciting new theme park opening out west.

			Von Braun proved to be a natural. Tom Weaver’s lead engineer charmed American audiences, who didn’t seem to know or care about von Braun’s past. The first special was beamed into 42 million American homes, making it one of the most widely viewed television programs in the young medium’s history, and turning von Braun into a household name. Time and Life magazines both put him on their covers, and the former Nazi officer found himself mingling with movie stars, business leaders, titans of industry, and politicians—including one first-term senator with whom he shared an uncomfortable connection. After tracking von Braun’s rise to prominence and looking into the charismatic engineer’s past, Senator John F. Kennedy requested an audience. When the two first met, at a film studio in Manhattan, Kennedy showed a peculiar interest in one particular weapon von Braun had developed for Hitler, and once they exchanged pleasantries, Kennedy let on the reason for his interest. His older brother Joe, he explained, had died trying to destroy the weapons von Braun had built while flying inside what had been in effect a giant steerable bomb. Nonetheless, the two emerged from the charged first meeting on congenial terms, and von Braun would soon count Kennedy among his friends in the American elite. When Kennedy was elected president, he’d turn von Braun into perhaps the single most important figure in the race to the moon.

			Texas Instruments, meanwhile, had stumbled into a key realization while playing its background role in the rising spectacle of America’s rocket program. Tom Weaver’s early purchase orders proved to be exactly the spark the company needed for its new product category. Supplying the ex-Nazis in bulk was beginning to bring the per-chip manufacturing cost down, and saw that if it really wanted to sell enough chips to drive the cost down to where it could spark a new market, they ought to look for more clients like the ex-Nazis working on rockets. TI had inadvertently been handed a road map to product viability by showing them there actually were customers unbothered by the high price of a new product. Government clients. Defense clients. And if there was a drawback to depending on rockets to spark a market, it was only that rockets were big and complicated, and even in a period of rapid experimentation there were simply not that many being built. The rocket program had proven to be a big, generous customer for TI, but didn’t represent an unlimited market.

			So TI executives started to look for defense customers who, like Tom and the ex-Nazis, might be willing to pay high prices for new chips but who, unlike Tom and the ex-Nazis, might be interested in experimenting with weapons that weren’t massive and awesome but smaller and cheaper and, therefore, potentially more plentiful. But Texas Instruments still had hardly any record as a defense company, its contribution to the Redstone program critical but unspectacular to those who even knew TI had a role in it. The company gambled that it might be able to overcome that by leveraging a developing trend in defense contracting that looked like it just might provide an opening for new players in the defense space.

			As American involvement in Vietnam accelerated, the U.S. military was finding itself ill-equipped for the type of war it was fighting, and since defense contracting was arduous and bureaucratic, the prospects of getting better-suited equipment to warfighters with any kind of speed were dim. The Air Force was especially keen to find a way of getting new and better weapons to the theater, both because the brass prided themselves on the Air Force being the most innovative branch and because what the pilots had was so clearly inadequate and they were getting shot down because of it.

			So, quietly, the Air Force came up with the idea of making weapons development faster by making the scale smaller. They set up an outfit called Project 1559 at Air Force headquarters in Ohio with a small detachment down at the Florida base where the Air Force did much of its testing. They assigned a hard-charging colonel to oversee it, gave him a small budget and a large remit to take small bets on new ideas, and it was there, at the Project 1559 office in Florida—where the colonel took his assignment and focused it almost exclusively on the one undroppable bridge killing so many American pilots—that TI figured it might have a chance. It was still a gamble for the company, though, so, rather than throwing their best men at the project, they plucked one promising young engineer from a mostly meaningless project in Rhode Island and sent him down to Florida to help a company still unproven as a defense contractor get its “chip” into more weapons.

			Or, failing that, to perhaps invent a new one.
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			Somewhere over North Vietnam

			Rick Hilton listens: even slow moments in combat aren’t quiet. The helmet helps to muffle the noise, padding pressed up against his face and squeezing his cheeks to freeze his jaw in place so the bones don’t conduct sound. The howl of jet engines a few feet from his ears, the shriek of wind scraping the skin of the airframe and heating it up, warming the cockpit so he’s sweating even though it’s thirty below zero outside—it’s all there, all constant, all lowered down to bearable by a helmet that grasps his head like a pair of downturned hands, guiding him toward what he’s supposed to know.

			He looks toward the ground, but a cloud deck blocks his view. A solid gray carpet cutting him off from whatever’s below. He knows MiGs can pop out without warning, the Russian-made fighter jets smaller and faster than his heavy old Phantom. They can get position on him with their two cannons, and when those things get to spinning, they can haul off as much as a thousand rounds a minute, almost a thousand pounds of steel coming at him.

			He needs to see what’s below those clouds. He needs to be lower.

			This whole formation of planes should nose down and descend now, get below that cloud cover so they can see the ground before something streaks up from below. And if he were in charge…

			But he’s not in charge.

			Patriot, proud American, Kennedy supporter in the process of converting now that he’s gotten himself into a war he’s not really allowed to fight.

			He has no cannons. He has no guns at all. All he has to defend himself are a couple of finicky missiles that are supposed to track an enemy plane using some kind of unperfected radar technology, but they fail more than they work. When MiGs show up he’ll be virtually defenseless. He doesn’t have a weapon effective for the kind of war he now finds himself in. He doesn’t have weapons for any of the situations he finds himself in, that the politicians have put him in.

			It’s Washington’s fault. It would be far less dangerous to attack enemy MiGs when they’re on the ground and unmoving, but American bombers don’t have a weapon that can reliably strike a precise target, so they can’t destroy planes parked on the ground without dropping a whole train of bombs. Which means a chance of hitting things nearby, maybe a delegate from Russia or China there to advise the North Vietnamese military. For the secretary of defense or the president or whatever feckless senator it was making the calls, the risk of provoking Brezhnev or Mao into greater involvement in Vietnam was apparently too big to accept; much better to just risk American pilots. The only way they’d let American pilots over Vietnam attack
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