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PROLOGUE



The Daily Mail loved Stephen Hawking far more than Stephen Hawking loved the Daily Mail. Even by UK tabloid standards, the Mail’s science coverage was either laughable or infuriating, depending on your point of view. The paper’s pages were always chock-full of headlines about scientific research—research often hyped by the Mail’s writers almost beyond the point of recognition. All the better to grab the attention of an audience.


Nobody could grab an audience like Stephen Hawking, so his name regularly graced the tabloid pages. Usually not in a flattering light. The professor was typically either a harbinger of doom—warning of imminent death due to global warming, robot rebellion, alien invasion, or other catastrophes—or he was at the center of some sort of scandal about his sex life or his marriages or abuse allegations. But in early 2018, just before Hawking’s death, the Daily Mail broke new ground.


“Has Stephen Hawking Been Replaced with a ‘Puppet’?” the headline read. “Conspiracy Theorists Claim the REAL Professor Is DEAD and a ‘Puppet’ Has Taken His Place—and Reveal the SIX Clues That Support the Idea.”1


In a surprisingly long and detailed article, the tabloid set out evidence that sometime in the mid-1980s, the esteemed physicist had been replaced with an impostor. As outrageous as this theory sounds, the Mail explained how supposed anomalies in his appearance as he aged (particularly the look of his teeth), his unexpectedly long survival with a disease that typically kills in a couple of years, and a number of other clues suggested that the original Stephen Hawking had died and that a facsimile had been foisted on the public. “The voice we hear,” said the article, “is the result of NASA astrophysicists typing information into a computer—information they want… to push on a gullible and unsuspecting public, fans of Hawking who hang on to—what they believe to be his—every word.”


Even for the bizarre parallel reality conjured by tabloid writers, this was way out there. They had ventured into this sort of territory only once before, almost exactly fifty years prior. In 1969, the tabloid circuit lit up with rumors that the Beatles’ Paul McCartney had been killed in an auto accident and replaced with a doppelgänger.


However, comparing Stephen Hawking to Paul McCartney doesn’t quite capture the nature of Hawking’s singular celebrity. Throughout all of history, there might be perhaps three or four scientists whose fame and renown among the public could be compared to Hawking’s: Einstein, Newton, Galileo—maybe Darwin. For the media and for the public at large, Hawking had become the ultimate symbol of the triumph of the mind. He was the world’s smartest man, an unmatched brain who spent his time unraveling the deepest mysteries of the universe.


The Mail’s suggestion that Hawking had been replaced by a simulacrum was just the most extreme and absurd version of how the press and the public had portrayed Hawking for decades. The professor’s image had been built into a towering contradiction: On one hand, Hawking appeared to the world to be something more than human, his mind so transcendent that he was in a class by himself. He inhabited an intellectual plane above the realm of normal humanity. Yet, on the other hand, he could be treated as a nearly inanimate object. Hawking suffered from a neurological disease that slowly robbed him of the ability to move of his own volition, to speak except through a computer-generated voice. It was a short leap for a thoughtless person to imagine Hawking to be artificial, to be some sort of technology-assisted homunculus rather than a real human. As the Daily Mail so rudely put it, it was not even always possible to tell whether the voice emanating from his computer was truly under the control of the being sitting in the wheelchair.i


By the time he died in 2018, it was almost impossible to discern Hawking the human underneath the layers of accumulated symbolism; from the public’s point of view, he had become a caricature rather than a living person. Even though everyone who knew Hawking has described him as one of the most stubborn, willful people they’ve ever met, it was incredibly hard to distinguish his true will, to sense the authentic being underneath the public persona.


To understand Stephen Hawking, one has to turn back the clock. During the last third of his life, Hawking was firmly entrenched as the world’s most celebrated living scientist, yet his actual scientific contributions were more or less irrelevant to his fame. Though he was a regular fixture in the media, the press attention wasn’t usually related to his science. Hawking’s research during the years of his greatest popularity would be largely discounted and have little lasting impact on the world of physics. He was like a collapsed star: space around him glowed brightly with his energy, but at core he was but a faint reflection of what he once had been.


Not long before, Hawking had been a supernova. The middle third of his life was a spectacular and brilliant transformation. Over the course of two decades, he transmogrified himself from a fairly obscure physicist, laboring with his colleagues (and his rivals) to understand the conditions at the very beginning of the universe, into an international celebrity. Into the world’s smartest man. Into the scientific equivalent of The Beatles. It was a metamorphosis at once immensely satisfying and intensely painful. By the time it was complete, Hawking had broken with much of his past and constructed a myth to replace it.


Only in the first third of Hawking’s life—before he achieved his status and fame—does the real human being behind the legend begin to appear. The backward flow of narrative time slowly restores Hawking to his primeval brilliance. By traveling back to Hawking’s youth, one can understand how he came to the key scientific insights upon which he built his name. One can discern the roots of his need to become a famous communicator of science. And one can understand the mortal fears of a young man racing to establish a legacy—and a family—as a deadly disease appeared poised to claim him at any moment.


Unlike a scientific discovery, which becomes easier to understand as time moves forward and as more and more researchers contribute their knowledge, the life of Stephen Hawking becomes clearer as time moves backward, as the accumulated layers of celebrity and legend are stripped away. In the end, Stephen Hawking the human being becomes something very different from the Stephen Hawking so beloved by the public.


Public Hawking was famous for being the world’s smartest man, the apex of scientific intellectualism. Human Hawking was brilliant, but he knew he was surrounded by equally brilliant peers who labored in semi-obscurity. Public Hawking was the world’s greatest science communicator. Hawking the human had more difficulty communicating than just about any other person on the planet; by the time he was famous, he could only express a few words per minute, if that. Public Hawking stoically shrugged off his physical ailments as a mere inconvenience. Human Hawking’s disability had, quite naturally, shaped every part of his existence: his outlook, his science, his family life, and eventually his fame. To the public, everything Hawking did was extraordinary and different and courageous—it was a spectacle when he spoke, when he ate, when he danced, when he worked, when he loved. To Hawking, there was no courage in merely being himself.


Even Hawking’s colleagues and rivals had to take pains to distinguish the human from the legend. “I’m not speaking of him as a pure intellectual who rides through the universe on his magic wheelchair,” says Leonard Susskind, a physicist at Stanford University who battled Hawking about the properties of black holes. “I’m speaking of him as a human being. You know, none of us were ever really able to know him.”2


Turn back the clock, and what emerges is a real human: petulant, arrogant, and callous as well as warm, witty, and brilliant. Complex. Fascinating. Singular.


What emerges is Stephen Hawking.


Footnote
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i The public treasured any encounter with Hawking that seemed to express his real, unfiltered personality. For example, he was notorious for his bullheaded indifference to other vehicles when driving his wheelchair on the streets around Cambridge University—and people found this utterly charming. When Hawking died in 2018, one of the viral discussions on Twitter was a long thread filled with stories of people who nearly ran him over with their cars.















PART I



RINGDOWN


O sages standing in God’s holy fire


As in the gold mosaic of a wall,


Come from the holy fire, perne in a gyre,


And be the singing-masters of my soul.


Consume my heart away; sick with desire


And fastened to a dying animal


It knows not what it is; and gather me


Into the artifice of eternity.


—WILLIAM BUTLER YEATS,
“Sailing to Byzantium”















CHAPTER 1



NEXT TO NEWTON (2018)


Only thrice in the past hundred years has a scientist been buried in Westminster Abbey. There was Ernest Rutherford, who figured out the structure of the atom; there was J. J. Thomson, who discovered the electron; and then there was Stephen Hawking.


On June 15, 2018, Hawking’s ashes were interred in the floor of the cathedral, laid to rest underneath a slate-black stone just a few feet away from the graves of Isaac Newton and Charles Darwin.


Hawking publicly disavowed any comparison to Newton—whenever anyone made such a suggestion, he would rubbish it as “media hype.” Yet the public loved to make the connection: like Newton, Hawking was the most famous physicist of his day; at Cambridge, Hawking occupied the Lucasian chair, the very office that Newton had held three hundred years before him; Hawking and Newton had both devoted much of their lives to understanding the mysteries of the gravitational force. Even in death, Hawking could not escape the association with Newton. Not only are the two scientists buried within a few strides of one another, but they have the same epitaph. Newton’s black tombstone is featureless but for an inscription in Latin: “Hic depositum est quod mortale fuit Isaaci Newtoni.” Hawking’s bears the same words in English, with his name substituted for Newton’s: “Here lies what was mortal of Stephen Hawking.”1


Though smaller than Newton’s gravestone, Hawking’s is more elaborate. The epitaph curves gently around a set of swirls engraved into the slate, swirls that seem to move toward an elliptical void: clouds of gas falling into the maw of a black hole. To the left, there is an equation whose letters seemingly defy gravity:


T = ħc3/8πGMk


Almost nobody who visits the gravestone understands what those symbols mean. But to Stephen Hawking, that equation was the key to transcending the mortal.
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Until he died in 2018, Hawking was one of the most recognized human beings on the planet—and probably the easiest to spot. Almost unable to move his body, seated awkwardly in his motorized wheelchair and accompanied by an entourage of nurses, he was unable to go anywhere incognito. Not that he cared to.


The public adored Hawking without knowing precisely why. Einstein had his theory of relativity and Newton his universal gravitation, but the vast majority of people who admired Hawking knew little about what he had done to deserve his reputation. Nor did they understand why, in the press, he was always compared to Einstein or Newton, a comparison he modestly rejected but at the same time worked very hard to cultivate. And even those who had a glimmer of Stephen Hawking’s science saw only a tiny fraction of what made Hawking Hawking. For he was not just Hawking the physicist, Hawking the celebrity; he was Hawking the showman, Hawking the husband and father, Hawking the symbol.


These facets warred among themselves: the very moment Hawking achieved celebrity, his marriage collapsed and his family shattered. Hawking the human depended on his students to be caretakers and nursemaids even as Hawking the physicist wanted to groom them to be his intellectual offspring. He was perhaps the most celebrated communicator of physics in the world, yet he had extraordinary difficulty making himself understood. Even the most straightforward-seeming element of his persona, his ability as a first-class physicist, is much more complicated than it seems at first. Scientists viewed Hawking as a mind of a very high order—but at the same time, many rolled their eyes at some of his later work, trashing it as all but worthless. The real Hawking lies underneath this complex skein of tangled and contradictory narratives.


As with the black holes that he studied, there are incredible forces that prevent outsiders from glimpsing Hawking’s inner self. But there is a real person who lies beyond the event horizon of his celebrity.


That singularity contained legion: an important scientist whose importance is almost universally misunderstood; a person who suffered deeply and also caused deep suffering; a celebrity scientist who broke the mold of his forebears and fundamentally changed the concept of a scientific celebrity.


Most people who know anything of Hawking are blinded by a flash from his life, an image of a tumultuous decade—from 1980 through 1990—when he transformed himself from a well-respected but obscure scientist in a neglected corner of physics into one of the most recognized names on the planet. But like a supernova that briefly outshines the rest of its host galaxy, Hawking’s celebrity both attracted attention and distracted it—simultaneously inviting the gaze of countless millions and hiding the star itself, a quivering and naked object that shed everything that once clung to it.
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At the abbey’s Great Lectern, Benedict Cumberbatch—an actor who had portrayed Hawking in one of the many movies, plays, and television shows about the physicist’s life—read a passage from the Wisdom of Solomon:




For it is he who gave me unerring knowledge of what exists,


to know the structure of the world and the activity of the elements;


the beginning and end and middle of times,


the alternations of the solstices and the changes of the seasons,


the cycles of the year and the constellations of the stars.




Unerring he was not, but Stephen Hawking had made it his profession to try to understand the beginning and the end of the universe. When he began his research in the early 1960s, his field, cosmology, was a sleepy backwater, an area of study that hadn’t seen a substantial advance for decades. By the time he died, it was arguably the most exciting field in physics, an area that was (and still is) generating Nobel Prize after Nobel Prize for transforming our understanding of how the universe came to be.


Hawking’s first substantial piece of research was an important discovery about the beginning of the universe. At the time, in 1965, there were two competing models of how the cosmos was born: whether it was eternally renewing itself, or whether it had been born in a gigantic explosion now known as the Big Bang. For his PhD thesis, Hawking proved that if the universe began with a Big Bang, then it had to have started as a singularity: a point where the laws of physics no longer make sense, an infinitesimal but infinite blemish on the fabric of space and time. A place where mathematics itself breaks down. This was a stunning insight; if one believed in the Big Bang, one had to accept that the laws of physics as we know them are inadequate to describe the birth of our cosmos. This idea—now known as the singularity theorem—ignited Hawking’s career.


As he grew in confidence and stature, Hawking became a key figure in solidifying what is now the dominant theory of how the very early universe expanded, a theory known as inflation. But Hawking himself thought his most important contribution to cosmology was his work on an ambitious, radical, and controversial theory in which he attempted to calculate the quantum-mechanical “wavefunction of the universe.” Not only did Hawking believe that his theory described the very starting point of space and time in our cosmos, but he was convinced that it did so in a way that made God unnecessary. “What place, then, for a creator?” he asked, much to the chagrin of many theologians (and some scientists) around the world.2


However, Hawking’s most important scientific work wasn’t about the birth of our universe or its wavefunction, but about a different kind of singularity: the singularity at the heart of a black hole. Hawking devoted much of his life to understanding how these mysterious objects behaved, and in the most important moment in his scientific lifetime, he realized they had a bizarre property that nobody else had imagined they might possess.


Black holes are astronomical objects whose gravitational attraction is so powerful that nothing venturing too close can escape—not even light. Black holes are born when a large star dies; when the fusion engine at its heart shuts down, it collapses under the force of its own gravity. In a fraction of a second, the entire weight of a star bears down on itself, first crushing the matter into an undifferentiated glob of atoms, then crushing the atoms themselves—and then, finally, it becomes a singularity. Because the gravitational pull around the collapsed star is so great, nothing can venture close to that singularity and escape to tell the tale. It’s as if the former star is now surrounded by an invisible shroud marking the point of no return: cross this so-called event horizon, and you are doomed, unable to return home, destined to fall into the black hole no matter how hard you struggle.


Because black holes swallow light, they are as black as black can be; they are the ultimate absorbers, gobbling any illumination rather than reflecting it. But in the 1970s, Hawking had a surprising realization: black holes aren’t really perfectly black after all. They radiate particles, including light particles, in all directions. Under most circumstances, this radiation—now known as Hawking radiation—is incredibly weak, far too weak to be detected at any reasonable distance. However, just the fact that the radiation exists had some profound implications. Because if a black hole radiates energy, this means it must eventually evaporate—explode—in a burst of radiation. This, in turn, implies that the matter and energy swallowed by the black hole must eventually be released. And, as Hawking was the first to realize, the release of that matter and energy leads to a seemingly irreconcilable clash between the two mainstays of modern physics: Einstein’s theory of relativity and quantum theory. The discovery of Hawking radiation not only upended the conventional wisdom about black holes, but seemed like a major milestone in the quest to resolve the conflict between the two theories. Perhaps he could even replace them with an overarching “theory of everything.”


“I would say, in retrospect, [Hawking] has three great contributions to science. One is the singularity theorems,” says John Preskill, a physicist and friend of Hawking’s. “And one is the idea about the wavefunction of the universe. But the most important, by far, is the discovery of Hawking radiation and its implications.”3


The equation inscribed on Hawking’s tombstone is the main formula for Hawking radiation—the temperature of a black hole as a function of its mass, which, in turn, dictates the amount and type of radiation that it emits—all superimposed on the black hole that it describes.
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As the grand organ in Westminster Abbey swelled, hundreds of voices sang in unison to an old English melody:




Father, hear the prayer we offer:


not for ease that prayer shall be,


but for strength that we may ever


live our lives courageously.




At the age of twenty-one, Stephen Hawking was diagnosed with a deadly neurological disease, amyotrophic lateral sclerosis (ALS), and given two or three years to live. For the next fifty-five years of his life, he lived under a death sentence, uncertain of whether he would see his next birthday. Everything that Hawking did in his life—discovering new physics, writing best-selling nonfiction books, jet-setting around the world, raising three children—was done against the backdrop of a relentless ailment that robbed him of his ability to walk, to write, to speak, to feed himself, to move almost any of the muscles in his body. Yet Hawking bristled when anyone conflated his perseverance in the face of his disease—his almost pigheaded stubbornness—with bravery. “I find it a bit embarrassing in that people think I have great courage,” he told a reporter in 1990. “But it’s not as if I had a choice and deliberately chose a difficult path. I have just done the only thing open to me in the situation.”4


By the time he published A Brief History of Time, the runaway best seller that made him a household name in the late 1980s, Hawking used a motorized wheelchair; he was unable to talk and almost entirely unable to move. His only means of communication was through a computer that he controlled with a rocker switch in his hand; he would laboriously assemble a sentence with that switch and send it to a speech synthesizer that would pronounce his words.


At events, people would gather around Hawking and not quite know how to interact with him, treating him with a curious mix of awe and condescension. Intellectually, they knew he was one of the world’s most prominent physicists. Yet his disability was so profound that they almost reflexively treated him like a toddler, cooing with delight and amazement at whatever he said or did. In 2011, Jane Fonda wrote about her visit with Hawking:




I dropped to my knees next to Stephen’s chair, reminding him what Beethoven had said and asked him if, like Beethoven, his disease had enabled him to go further, deeper in his understanding of his research—of the origins of the universe.… As I waited, I rested my head on his shoulder, looking closely at him, at the subtle movements in his face as he concentrated on what he was “writing.” And all I could think about was that this man, imprisoned in a wasted body, was able to comprehend matters that are presumed to lie far outside the realm of human understanding.


After about 5 minutes, letters and then words began to slowly appear on the screen: “It… freed… me…” Ah haaa!! [Director] Moises [Kaufman] and I looked at each other in delight, certain that our hypothesis was about to be proven—sure that Stephen was about to say something like, “it freed me to grasp the origins of the universe…” We waited for the sentence to be finished, another few minutes… and then, there it was: “It freed me to stop teaching!!!” and a computerized voice said it aloud so everyone heard. I looked at Stephen and noticed what appeared to be a sly grin. I’d been told he had a playful sense of humor. He had just demonstrated it! And we all had a good laugh. He didn’t have to teach anymore!!! That’s what ALS had done for him. Of course!!!5





Almost automatically, visitors would imbue Hawking not just with deep wisdom, but also with childlike simplicity. He was becoming a guru, a symbol. A metaphor—and one that was almost too perfect. Immobile in his wheelchair, Hawking was a being of pure intellect, a man whose powerful mind allowed him to travel to domains where nothing else in the universe could venture.


Hawking was well aware that the myth, the archetype, was powerful enough to swallow all traces of the real human being underneath. “That Stephen is some sort of pure mind because of his disability, I think that hurt him a lot,” says Christophe Galfard, one of the many PhD students Hawking advised over the years. “The man as a scientist, not just the image of the scientist, was somehow diluted.” So Hawking struggled to prevent that from happening. In his home life, Hawking refused to discuss, much less make concessions to, his disability, almost to a pathological extent; this obstinacy became a sore spot in his first marriage. As a physicist, he tried to produce ideas of such depth and importance that his physical impediments would be seen as irrelevant. “I would like to be thought of as a scientist who just happens to be disabled, rather than as a disabled scientist,” he would say. Yet throughout his life, Hawking suspected that people saw his disability as a mitigating factor, a reason to judge him differently from other physicists. Or worse, as something that would come to define him. His fears were well founded.6


The disability was central to Hawking the Metaphor, even if it was in many ways peripheral to Hawking the Human. And as much as he wanted people to see beyond his condition, Hawking realized, to his chagrin, that his disability was right at the core of his public persona.






[image: image]








In addition to the family, friends, and notable personages at Hawking’s interment ceremony, 1,000 members of the public—drawn by lottery from a pool of more than 25,000—packed into the abbey to pay their respects. Those in attendance were surprised to hear Hawking’s electronic voice reverberate through the church one last time, backed by a slow, meandering synth-jazz piece written for the occasion by the composer Vangelis. “I am very aware of the preciousness of time. Seize the moment. Act now. I have spent my life travelling across the universe inside my mind.”7


Simultaneously, a 100-foot-wide radio telescope in Spain beamed the very same words, accompanied by the very same music, into space—aimed at a nearby black hole dubbed 1A 0620-00. For the next 3,500 years, Hawking’s words will be winging their way at the speed of light toward their destination, and toward their destruction.


Hawking would have appreciated the spectacle.


Long before A Brief History of Time made him an international celebrity, Hawking loved showmanship and had a natural talent for grabbing the spotlight. Even his fellow scientists could fall under his spell. Physicist Lenny Susskind, who battled against some of Hawking’s ideas about the workings of black holes over the years, would tell of how Hawking could capture the attention in a room, how all conversation would suddenly go quiet as the gathered physicists realized that Hawking was going to say something. And then there would be this long pause as he crafted his answer on the computer, and the tension would build, often to be deliberately deflated several minutes later with a simple yes or no answer. Or it could be a devastating bon mot: “He was a very, very witty man. With one word, he could puncture… one funny comment could just explode in your face and you’d wind up laughing.” With the public, he was even more effective: people left a Hawking lecture inspired and awed.8


Hawking was not just a master of grabbing the spotlight; he knew precisely how to use it once it was on him. Even as a graduate student he created a splash—and started building his image as a towering intellect—by engineering a public confrontation with the world’s foremost astrophysicist of the time. And when he was at center stage, he used his wicked, self-deprecating sense of humor to win goodwill and to give the impression of deep humility: no mean feat given that even his closest friends and colleagues have described him as arrogant and superlatively stubborn.


Hawking’s interviews, his travels, his talks, his writings—even much of his advocacy—all helped reinforce his role as the foremost scientific celebrity of our time. The photographs of Hawking on his various adventures—wheeling his wheelchair in the Antarctic wastelands, or grinning as he floats free of the bonds of gravity in a zero-g airplane flight—were iconic, reproduced in newspapers and websites across the world. His every public utterance would wind up being repeated by the media, even when his ideas were half-baked or alarmist. Later in his career, Hawking would warn humans of possible demise via asteroid or through a robot revolt, or even by a catastrophic change in a physical constant.


While Hawking was an extraordinary showman, his craving for recognition came with a price. At the very moment that he achieved worldwide fame, his first marriage fell apart under the pressure and his relationship with his children buckled under the strain. Though he was always surrounded by a bustle of nurses and fans, Hawking was often alone.


The singularity that is Hawking managed to garner an almost otherworldly status. He was considered to be an intellect in the company of Einstein and Newton and Galileo; a prophet of science who had climbed Mount Sinai and then descended to share divine wisdom with the people; a philosopher-guru whose insights could inspire future generations; a man who refused to let a profound disability limit his achievements. It’s a powerful image.


But even to those who’ve seen behind the public persona and know all of Hawking’s flaws and foibles, there was something unique, something profoundly inspiring, about the man. Ray Laflamme, one of Hawking’s former students—and caretakers—has a photo from Hawking’s famous zero-gravity flight on the wall of his office. In the middle of talking about his former mentor, he pauses. “I have lung cancer, and the prognosis for lung cancer is not so great. But I’m alive right now, thank you to modern medicine,” he says. Then he gestures to the photo on the wall, Hawking grinning broadly as he floats in midair. “That’s why I have that picture there. And when I get discouraged, I go back and I say that bugger can make it for fifty years. I’m gonna ask only for twenty-five.”9















CHAPTER 2



RIPPLES (2014–2017)


When the alarm clock went off at 2:40 a.m., Barry Barish swallowed his disappointment. “I assumed they had passed us over,” he later recalled. But then his cellphone rang.1


The early-morning phone call is one of the clichés about getting a Nobel Prize. A scientist is supposed to awaken, blearily, to the realization that he or she is suddenly going to be an instant celebrity. It’s supposed to be stunning, humbling—and above all, it’s supposed to be a surprise. The first Monday evening in October is a restless night for many physicists of great renown, but never for a moment does even the greatest-egoed among them go to bed fully expecting to win the Nobel the next morning.


Except this time. October 3, 2017.


Two years earlier, a novel telescope had made a discovery so important that a Nobel was not only assured, but would come at the earliest possible opportunity. The only question was how the prize would be divvied up. Though there were hundreds upon hundreds of people who had worked on the telescope and its observatory, the rule was that a prize could be split at most three ways.


Barish, the director of the observatory, went to bed confident. Rainer Weiss at the Massachusetts Institute of Technology (MIT), who had spent decades designing the machine, was a bit more humble; he went to bed that evening thinking he had only a 20 percent chance of waking up to a Nobel. The third person who fell asleep that night in anticipation of a Nobel the next morning was California Institute of Technology (Caltech) theorist Kip Thorne, Hawking’s colleague and close friend for five decades.2


Like Hawking, Thorne had devoted his life to studying black holes, gravity, and time, and this new telescope was about to shed new light on precisely these subjects. For the telescope that was about to win Thorne, Barish, and Weiss the Nobel Prize was not the ordinary sort of telescope that gathers light from distant stars. Instead, this telescope, the Laser Interferometer Gravitational-wave Observatory (LIGO), was a tool designed to detect not light, but gravitational waves from colliding black holes. And with this tool, Thorne was able to begin testing the theories that Hawking, Thorne, and other physicists had developed in the late 1960s and early 1970s—a time so rich in theoretical discovery that Thorne dubbed it the Golden Age of Black Holes. “Among the nicest features of the Golden Age was the way we all built on each other’s work,” Thorne wrote. “Hawking laid the foundations, and one after another his compatriots built an edifice upon them.”3


With his Nobel, Thorne belatedly fulfilled a promise that he had made on Hawking’s sixtieth birthday fifteen years earlier: “I’m afraid it is more in the form of a promissory note than a concrete physics result,” he had said. “Your birthday gift is that our gravitational-wave detectors [including LIGO] will test your Golden-Age black-hole predictions, and they will begin to do so well before your 70th birthday. Happy Birthday, Stephen!”4
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By the time he reached his seventies, Stephen Hawking was the world’s most famous living scientist, and had been for several decades. His first guest appearance on the animated show The Simpsons—a reliable indicator of apex pop-culture status—had happened nearly twenty years prior. And Hawking’s most important research was two generations in the past.


In the last decades of his life, Stephen Hawking’s fame was not really that of a scientist, but of a cultural icon. Though his celebrity was mantled in science, science had become almost incidental to Hawking’s notoriety. It was mostly irrelevant whether his latest pronouncements about physics were valuable or not; just the fact that he would make them every so often was more than enough to maintain his status as an icon. The public simply didn’t care all that much about the details of Hawking’s scientific achievements or ideas. Yet Hawking wanted to be famous for his physics, not for his personality, or his condition, or anything else.


In the late 2010s, Hawking had hope that this would finally change. Hawking’s work of thirty and forty years prior had suddenly become hot again. The most exciting physics of the day had to do with gravitational waves and black holes, areas of knowledge where Hawking’s scientific work had had the most profound effect. After years upon years of labor, physicists around the world (including Hawking’s best friend, Kip Thorne) were finally getting results from experiments that held the promise of testing a number of Hawking’s decades-old predictions. If they confirmed some of his theoretical work, Hawking might finally achieve his wish to be known as a brilliant scientist first and a celebrity second. However, that dream would come to naught if he were left on the periphery when the Nobel committee came calling.
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Stephen Hawking’s research revolved around gravity; he spent much of his career trying to figure out how gravity behaves under some of the most extreme conditions that the universe can possibly produce, especially near black holes. And for the first time, the LIGO discovery began to give scientists a direct glimpse of matter being subjected to the enormous gravitational fields that Hawking had been studying for most of his life.


LIGO is so new at this point that scientists are still trying to understand precisely what the data can tell them, but it has opened an exciting new chapter in the story of gravity—a tale that starts a bit more than three hundred years ago.


The tale has a well-known introduction: in 1666, Isaac Newton, sitting under an apple tree, started to wonder why an apple plummeted to the ground rather than flying off into the air. From that moment, Newton began to solve a puzzle that philosophers had pondered for millennia, and the physicist’s solution was as radical as it was powerful.


Newton built a theory that described a mutual attraction among all massive objects; his theory declared that any two bodies, no matter where they are in the universe, are somehow tugging on each other, invisibly, inexorably, and inexplicably. An apple on a tree feels the simultaneous pulls not just of every single other object on Earth, but also of every single star in the universe, no matter how distant. Newton’s equations provided a beautiful and accurate description of the gravitational forces that act upon matter. Just how those forces work—what they’re made of and how they can work at great distances—Newton couldn’t explain. It would be another two and a half centuries before another physicist, Albert Einstein, could.


Einstein didn’t set out to revolutionize our understanding of gravity. As a student and a young researcher, his work involved molecules and atoms and motes of dust rather than the motion of stars and planets; he was more concerned with the behavior of electric and magnetic forces than gravitational ones. But when he started picking at a loose thread in the equations that govern electromagnetic fields, he unwittingly unraveled everything that scientists thought they knew about gravity.


The equations that describe electromagnetic fields, known as Maxwell’s equations, had a subtle flaw in them: motion mucks with the equations. Under certain circumstances, two observers moving at different velocities—say, one sitting still with the other zooming by in a train—could even get contradictory answers from the equations. One might predict that the particle in the experiment would be pushed to the right, while the other thought that it would be pulled to the left. Physics shouldn’t work this way. The laws of physics—and the equations that encode those laws—should be the same for all observers, no matter how they’re moving.


In 1905, Einstein realized that he could fix the flaw in Maxwell’s equations by making a few changes in the underlying assumptions that physicists were working with. But the amended rules came with a lot of philosophical baggage. One of them, in particular—that a beam of light always travels at the same speed—seemed to violate common sense.


That is, Einstein was asserting that a light beam would always seem to pass an observer 186,282 miles per second, the quantity known by physicists as c. If you’re sitting still, the light beam zooms by at c. If you’re moving toward the source of the light at a million miles an hour, no matter; the beam zooms by at c. Even if you try as hard as you can to outrun the light beam, flying away at 99 percent of the speed of light, it won’t change the outcome: the beam passes you at c, just as fast as it would had you been standing still. This makes no sense unless we tweak the way we think about speed.


Speed is just a measure of how much distance an object covers (such as miles) in a certain amount of time (such as per second). So any change to the concept of speed would automatically mean that something was wrong with our understanding of distance or time. Or, as it turns out, both. This was one of Einstein’s greatest realizations.


Einstein understood that if all observers agree on the speed of light, it has to mean that those same observers will disagree about their measurements of distance and time. That is, a fast-moving observer’s wristwatch will tick at a different rate (more slowly, in fact) compared to a stationary observer’s. A stationary observer’s yardstick will be a different size (larger) when he compares it to a fast-moving observer’s.


This was a huge break with the way physicists thought about the universe before 1905. Science no longer held that the length of a yardstick was an objective fact. Observers moving in different ways will disagree about how long that yardstick is—and all can be right at the same time despite their mutually contradictory measurements. There was no “absolute” length, no right answer. Even stranger, time was no longer immutable, flowing at the same rate everywhere in the universe. There could be no “absolute” time, no way for everybody to agree about the moment at which an event happens. Time and space are malleable rather than rigid. This insight explains how all observers can see light zoom by at precisely c—the differences in their perceptions of time and space conspire to ensure that the speed of light is a universal constant.


Einstein’s 1905 paper showed that time, length, and motion are linked in a way that Galileo and Newton had never dreamed of. The way one moves through space affects the way time flows as well as the distance between objects. Your speed changes not just where you are, but when you are. It was a heavy intellectual price to pay to repair Maxwell’s equations. Yet these strange effects have been observed numerous times—fast-moving clocks slowing down and the like—in real life. It no longer made sense to talk about time and space completely independently; they are inextricably linked.


The concept of absolute space and absolute time were ingrained in the laws of motion. Newton’s equations governing how objects moved when subjected to forces depended implicitly on the fact that time and distance were immutable. So when Einstein discarded the assumption of universal time, it meant that Newton’s laws had to be subtly wrong. All of physics was broken on some level. Including the law of universal gravitation.


The first hint that something might be wrong with gravity came from another realization Einstein had in 1905: it’s not just length and time that depend on the motion of the observer, but the mass of an object—its avoirdupois—also depends on motion. The faster it moves, the heavier it seems to be to a stationary observer. An object that is completely still will have less mass (its rest mass) than when it’s in motion (its relativistic mass). By the end of 1905, Einstein had begun to understand the relationship between an object’s energy, E, and its mass, m—which, of course, led to the famous formula E = mc2.


Once you start fiddling with the nature of mass, however, that is naturally going to have consequences for gravitation. By 1907, Einstein realized that gravity is not a special, immutable property of massive objects. The same force can come about in other ways, through motion: when an elevator suddenly lurches upward and accelerates upward, you feel a force pulling you to the floor that can be thought of as a “gravitational” force akin to the Earth’s downward pull. Like space and time, like mass and energy, gravity is tangled up in how objects and observers move about. Space, time, mass, energy, and gravity were caught up in a complex dance that made them impossible to separate from each other.


It took Einstein from 1907 through 1915 to turn that basic insight into a set of equations, a collection of mathematical rules describing that intricate dance. (In 2001, Stephen Hawking wryly noted that these breakthroughs came as Einstein’s first marriage was collapsing, leaving him estranged from his wife and children: “The fact that he spent the war years as a bachelor, without domestic commitments, may be one reason why this period was so productive for him scientifically.”5) These field equations tie together mass and energy, space and time, and gravity into one package. Surprisingly, the field equations, which look like this—


Gμν = (8πG/c4)Tμν


—are fundamentally a description of a smooth, curving sheet: in mathematical language, a manifold. The right side of the equation encodes all the matter and energy in a region of space and time. The left side describes the curvature of that same region. And gravity is nothing more than a manifestation of that curvature. The mystery of the gravitational field, the questions about how distant objects invisibly pull upon each other over vast distances, is gone; gravity is just geometry.i


This is a mind-blowing concept that requires advanced mathematics to unpack fully, but there’s a pretty good analogy that helps: Think of spacetime as a mattress, or a rubber sheet, or some other springy surface. A dollop of matter and energy (say, a star) embedded in spacetime is akin to a heavy object sitting on that rubber sheet—it creates a dimple, curving the surface. If another body (say, a comet) passes by the star, its path will be deflected because of the curvature. Instead of moving in a straight line, the comet will swerve toward the star because of the dimple in the rubber sheet. That’s gravity—the “attraction” between massive bodies is really the outward sign of how massive bodies cause spacetime to curve.


The rubber-sheet analogy goes only so far; the rubber sheet is two dimensional, when, in fact, the spacetime manifold is actually four dimensional, and three of those dimensions (the familiar up-down, left-right, front-back of space) have different properties from the fourth (which describes time). Mass and energy curve all four of those dimensions: a body passing near a star will not only swerve through space, it will “swerve” through time as well—its clock will be affected in subtle ways by nearby mass and energy. Even so, the rubber-sheet analogy is really useful for describing general relativity and how it’s different from Newton’s description of motion and gravity.


That’s the theory in a nutshell. However, a theory is merely an idea until it has experimental backing. Physicists can believe it; it can even get a large following of devotees. But it’s really when a theory’s predictions are tested by observations of the natural world that it becomes something more than a mere idea.


Einstein was lucky; it was easy to see a number of experiments that could test relativity theory. The differences between Newton’s universal gravitation and Einsteinian gravity are usually subtle, but in certain circumstances, they can be stark. When objects move very, very fast—close to the speed of light—or come extremely close to monstrous gravitational bodies, such as stars, Einstein’s field equations predict phenomena that Newton’s laws did not. The moment experimenters could spot one of those relativistic effects, they could show that Einstein’s equations were more than a mere mathematical mirage. Some of these experiments happened right away; others would take decades or more before they were within the realm of possibility.


The first big experiment came in 1919 with a solar eclipse. If spacetime were really curved, like Einstein’s equations say, a beam of light moving near a massive object like the sun wouldn’t travel in a straight line, but would bend, almost as if it were shining through a lens. This gravitational lensing effect should be visible: when the light from a distant star passes near the sun, the warping of spacetime would cause a tiny deflection in the star’s apparent position in the heavens. That is, stars right near the edge of the sun should appear in the wrong places in the sky. During a solar eclipse, when the sun’s light is temporarily blotted out by the moon, astronomers can measure the locations of stars around the sun and see if they appear in their usual positions (as Newton would have it), or if gravitational lensing makes them appear in slightly different places (as per Einstein). So in 1919, Sir Arthur Eddington, then the secretary of the Royal Astronomical Society, organized two expeditions to measure stellar positions during a solar eclipse. Lo and behold, Einstein was right! The stars had moved. Newton was overthrown.


Albert Einstein, almost overnight, had become an international celebrity.ii






[image: image]








Just shy of one hundred years after Einstein’s rise to become the public face of science, Stephen Hawking was reigning in his place as the premier scientific celebrity. But the expectations of celebrity had changed a little bit in the interim.


“Analyzing data since the ’66 World Cup, I have answered two of the biggest questions tormenting fans,” Hawking told a gathered crowd of journalists in the basement of London’s Savoy Hotel in 2014. “One, what are the optimal conditions for England’s success, and two, how do you score in a penalty shootout?”6


The event was sponsored by Paddy Power, a Dublin-based bookmaker, best known for chasing publicity by offering bizarre attention-getting bets. (“As the oil disaster in the Gulf of Mexico enters its second month with little or no sign of abating,” the company announced shortly after the Deepwater Horizon accident in 2010, “leading betting outfit Paddy Power are taking bets on the first species to become extinct as a direct result of the spill. Top of the bookies list at odds of 4/5 is the already critically endangered Kemp’s Ridley Turtle.”7) This time, Paddy Power was trying a different way of getting some attention.


“The technique I have used is called general logistic regression modeling,” Hawking announced. But Hawking’s “analysis” was anything but scientific. “Our chance of triumph can be worked out by looking at a number of variables. Statistically, England’s red kit [uniform] is more successful.”


For some reason, the British press seems inordinately fond of marketing ploys dressed up as nonsensical mathematical formulae—a formula for the perfect pizza to help drive sales for a pizza chain, an equation for the most miserable day of the year to encourage Britons to purchase a weekend getaway package from a certain travel agent, the formula for the perfect pancake to sell a supermarket chain’s nonstick frying pans, and the like. To give the formula some credibility, the sponsor typically shops around for a scientist or a mathematician who’s willing to accept a fistful of cash in return for lending his or her name to the whole silly endeavor. Typically, these scientists don’t have enough of a reputation to damage it by producing nonsensical equations. “All are commissioned by companies as PR stunts and their value ends there,” a science journalist wrote in The Guardian. “They are overwhelmingly drawn up by scientists whose names are unknown to any Nobel committee.”8


This time was clearly different.


In his pitch to the press, Hawking seemed to be kidding around. (“As we say in science,” he intoned, “England couldn’t hit a cow’s arse with a banjo.”) Nevertheless, it was surprising that such an eminent scientist would lend out his name for such a ridiculous publicity stunt. It was a shock even to Paddy Power. A Paddy Power spokesperson later admitted that he never expected Hawking to agree to the bookmaker’s request. “We thought there was a one percent chance he’d say yes,” the spokesperson said. “But he did. I was totally surprised.”9


When journalists asked Paddy Power representatives how much they had paid Hawking for his services, they got no answer. However, Hawking reportedly “said he split the fee between two charities, one devoted to saving children in Syria, and the other to motor neurone disease, the condition Hawking was diagnosed with as a student.”10
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Whatever you call it—motor neurone disease, Lou Gehrig’s disease, amyotrophic lateral sclerosis (ALS)—it was an ever-present shadow over Hawking. Diagnosed with the disease when he was twenty-one, Hawking was expected to live another two or three years at most. Yet Hawking survived twenty times longer than the predictions allowed. And though he had quite a few close brushes with death, he made it into his seventies.


The disease had left him physically helpless, unable to speak, to eat, to hold his head upright—to move most of his muscles. He required round-the-clock nursing, and Britain’s National Health Service provided nowhere near enough support to provide the care he needed to survive. And this care was damnably expensive. Even though Hawking made millions of dollars from the sales of his books—particularly his first popular book, A Brief History of Time, which sold more than ten million copies—he never seemed to have enough money to give him a lasting sense of security, says Al Zuckerman, Hawking’s agent for more than thirty years.


A few years before Hawking died, Zuckerman says, “I was informed that Hawking badly needed money, and could I do anything to increase his income?” Zuckerman approached a number of people in the publishing industry with ideas—such as the possibility of turning some of his books into online courses. “And I approached some charities to support him and his research.” But things just weren’t jelling.11
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Einstein and Hawking both occupied the same niche as celebrities—both uneasily bearing the title of world’s smartest man—and it’s not a coincidence that Hawking’s area of study built upon Einstein’s legacy. Hawking had become a master of Einstein’s theory of relativity, and, like Einstein, he was able to predict phenomena that nobody had ever imagined before.


However, it wasn’t easy to follow an act like Einstein. Not only did Einstein build a brand-new mathematical framework for gravity, space, and time, but he did it at a time when astronomers and experimental physicists could figure out ways to verify his predictions, showing conclusively that the young upstart had unseated Newton. Hawking’s theories, unfortunately, didn’t lend themselves so easily to experimental verification.


Gravitational lensing was just one of many new phenomena hidden within Einstein’s field equations waiting to be verified by experimenters. It was just a matter of figuring out how. The 1919 eclipse provided one way. Physicists soon figured out another: general relativity predicted not just that light’s path would be bent by strong gravitational fields, but that its color would be, too. Light climbing out of a deep gravitational dimple would be redder than equivalent light coming from an uncurved region of spacetime. In 1924, astronomers were convinced that they had seen this “gravitational redshift” effect. Einstein was right again.iii


It took even longer—nearly three-quarters of a century—to measure an even subtler effect, relativistic frame-dragging. According to Einstein’s field equations, a spinning massive body curves spacetime in a slightly different manner than a stationary one does. In the early 2000s, scientists detected this effect, first by observing matter spiraling around massive stars, and then by observing tiny changes in the motion of satellites in orbit around the spinning Earth.


However, the most radical, most profound prediction of Einstein’s field equations—more important than gravitational lensing, gravitational redshift, or frame-dragging—was gravitational radiation.


Relativity says that the matter and energy in a region of spacetime determine the curvature of that region. But what happens if the matter and energy in the region undergo sudden change—the matter and energy suddenly rearrange? Perhaps there’s a supernova; perhaps two massive stars smash into each other. Perhaps it’s not even a violent event, such as two massive objects orbiting each other, which constantly rearranges the distribution of matter in a small region. In cases where the distribution of mass and energy in a region is changing, the field equations say that these changes might cause ripples in the fabric of spacetime, ripples that propagate outward at the speed of light, carrying energy with them. (The rubber-sheet analogy is useful here, too. Imagine two massive iron balls circling each other in the middle of the sheet; it’s easy to visualize how those orbiting balls would cause undulations in the fabric.iv)


Of Einstein’s predictions, this might have been the hardest for experimentalists to verify. Gravitational-wave distortions are typically very small and subtle. Detecting the waves is therefore extremely difficult—a Nobel Prize–level endeavor. In the early 1970s, two astronomers, Russell Hulse and Joe Taylor, made an indirect observation: they watched two massive stars circling each other for half a decade and discovered that the orbits were decaying. Hulse and Taylor showed that the stars’ orbital decay matched, beautifully, the energy loss predicted by Einstein’s field equations. That is, the stars’ dance caused the very fabric of space and time to squish and stretch, carrying energy away from the spinning stars, allowing them to sink ever deeper into each other’s embrace. It was, as Taylor later put it, “a new and profound confirmation of the general theory of relativity,” and won the pair a Nobel in 1993.12


That was for an indirect sighting of gravitational waves. What scientists really wanted, though, was to see gravitational radiation directly—to watch gravity waves ripple through spacetime, distorting its fabric. Those waves cause yardsticks to stretch and squish and clocks to speed up and slow down as they pass. But how to spot them? The effects are tiny—mile-long yardsticks change length considerably less than the width of a proton. But with lasers, and a lot of clever engineering, it’s just barely possible to do. Lasers can be turned into exquisitely precise distance-measurers, and by arranging two of these laser yardsticks at right angles, scientists can spot gravity waves. When a gravitational wave ripples by, the stretch-and-squish effect of the changing curvature of spacetime is likely to stretch one yardstick while squishing another: the two yardsticks change length relative to one another.


This method isn’t sensitive enough to detect the slow orbital decay of Taylor-Hulse-type stars; the rippling is too subtle. But for more violent events, with massive rearrangements of matter and energy in a small region of spacetime, an instrument built well enough could, theoretically, directly observe a passing gravitational wave.


What sort of events would be sufficiently violent? Well, when it comes to gravitational violence, it’s hard to beat black holes, the most extreme objects in the universe. Denser and darker than other stars, they are more prone to extraordinary gravitational violence when matter approaches too close. And for more than thirty years, scientists had realized that this gravitational violence made them brilliant sources of gravitational radiation, gravity waves ripe for detection.


This is what LIGO is all about.


LIGO is a pair of enormous L-shaped laser yardsticks designed to detect the subtle distortion of a gravitational wave. They’re so sensitive that they are constantly being jiggled about by the gentle tremors of the Earth, the low rumble of passing traffic miles away, and even the vibrations caused by chainsaws felling trees in a nearby forest. And for thirteen years after LIGO was turned on, that’s precisely what the instrument detected. Passing traffic, Earth rumbles, and chainsaws. No gravitational waves.


And then, early one September morning, the twin detectors saw a wobble, a tremor that got faster and faster and faster and then, after a tenth of a second, suddenly stopped, leaving only faint echoes behind. They were gravitational waves. Two enormous objects, each roughly thirty times the size of our sun—black holes—circled each other closer and closer and closer together and slammed into each other, yielding an even larger black hole. The gravitational waves emitted by that dance of death had traveled over a billion light-years to the Earth. When those waves passed through us, they stretched and squashed the very fabric of space and time—a distortion that, after decades of trying, we humans could finally detect. It was the first time gravitational waves had been directly observed, and it was the first experimental result to test the predictions about black holes that Stephen Hawking and his colleagues had made during the Golden Age of Black Holes more than forty years earlier.13
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Even before LIGO detected its first gravitational wave—during that long period when experimentalists still worried about whether the half-billion-dollar experiment would ever break its long silence—it was an exciting time for black-hole theorists. There was a fight brewing, a disagreement regarding one of the big lingering questions about black holes. Forty years later, the debate was flaring up again, and Hawking was about to enter the fray.


There are really two parts to the anatomy of a black hole. For the first part of Hawking’s career, he studied the very center of a black hole, a region where the laws of physics break down: a singularity. Nobody quite knows precisely what happens at the singularity, because the mathematical tools we use to understand gravity—the general theory of relativity—stops working. Relativity assumes that spacetime is a smooth sheet, a manifold. A singularity is a point where that assumption breaks down, where there’s a puncture in the very fabric of spacetime. After spending the first part of his career becoming one of the world’s experts on the properties of singularities, Hawking turned his attention to the second part of the black hole’s anatomy. Every black hole has a region of no return, almost like a shroud surrounding the singularity. This region is known as the event horizon.


At a healthy distance, a black hole is like any other star or massive gravitational object: a spaceship can approach it, orbit around it, and fire its engines to zoom away. The closer the spaceship gets to the black hole, the harder the engines have to strain to break the black hole’s grip upon the vessel and get safely away. However, the gravitational pull of a black hole is so enormous that if the spaceship gets too close, the pilot will discover to her horror that the energy needed to escape the gravitational pull is infinite. That is, no matter how powerful the spaceship’s engines, no matter how much fuel is in its tanks, there’s no way the spacecraft could expend enough energy to escape from the black hole. The spacecraft has crossed a point of no return, a region where nothing in the universe can resist the pull of the black hole’s gravity. This is the event horizon—the ultimate boundary that makes black holes so special. No matter, no particles, no light, nothing at all, can return once it crosses the event horizon. Everything that ventures beyond is irrevocably cut off from the rest of creation; it is almost as if something falling past the event horizon has crossed into another universe entirely, for it is forever lost to ours.


The event horizon is more complicated than an abstract boundary might seem. For decades, physicists assumed there was nothing special to see near an event horizon. After all, the event horizon is a one-way portal leading straight down a black hole’s maw, so the black hole couldn’t shine in any way; any light emitted from inside the event horizon would be promptly swallowed again. The region near the event horizon would be completely black. Or so scientists thought.


Hawking’s great scientific triumph was proving that wrong in the mid-1970s. Using mathematics to see where telescopes could not, he showed that right at the boundary of the event horizon, there’s a faint glow. The boundary of no return wasn’t as featureless as once thought.


Since then, cosmologists have been trying to figure out the properties of the event horizon. What, precisely, happens as a chunk of matter crosses the event horizon and falls into a black hole’s singularity? What would an astronaut falling into a black hole see as he crosses the boundary? Unfortunately, scientists’ answers even to the most basic questions about black holes tend to contradict each other. One of these contradictions led to Stephen Hawking’s final scientific work, his ultimate burst of scientific creativity. It would be his very last attempt to plumb the secrets of the black hole.


The theory of relativity says that a freely falling observer shouldn’t feel the effects of gravity at all.v This principle implies that an astronaut falling into a black hole would observe nothing special when crossing the event horizon—there wouldn’t be any physical boundary or other sign marking the point of no return. Cosmologists dub this idea the “No Drama” postulate. Yet in 2012, four scientists—Joe Polchinski, Ahmed Almhieri, Donald Marolf, and James Sully—published an influential paper that argued—convincingly—that if Hawking was right about how black holes glow, then the No Drama postulate had to be wrong. In fact, the astronaut would encounter a tremendous “firewall” of radiation that would instantly burn him or her to a crisp. That’s pretty dramatic.


Hawking didn’t believe it. As an expert in relativity, he was firmly convinced in the bedrock assumption that an observer in freefall shouldn’t be able to tell whether or not he or she is being pulled by a gravitational field. Yet a firewall would reveal the existence of the black hole’s gravity field to the observer (a fraction of a second before the observer evaporates). To Hawking, this simply could not be the way black holes behaved.


However, Polchinksi and his colleagues had made a strong argument. Something was definitely wrong with the picture of black holes—the very picture that Hawking had helped build up over the past half century. There had to be a fix, and Hawking was determined to come up with it.


In late 2013, Hawking told a respectful but skeptical group of physicists that the way they had been thinking about black holes was fundamentally wrong. There was, he declared in his familiar computer-generated voice, “no event horizons and no firewalls.… [T]here can be no event horizon, as many of you assume.” It was a baffling performance. Hawking seemed to be denying the existence of the very thing that makes a black hole a black hole: its event horizon. Yet few outside of the specialist field of black-hole cosmology had any inkling of what Hawking was suggesting. Even to fellow physicists, it wasn’t clear quite what he was driving at.14


Hawking seemed to be arguing that there wasn’t an impenetrable event horizon after all, but that infalling matter would be scrambled up and re-emitted by the black hole. The information wouldn’t technically be lost. Unfortunately, Hawking didn’t provide enough details for even specialists to understand his argument. “It sounds almost like he is replacing the firewall with a chaos-wall,” Polchinski told a reporter. Another physicist at Caltech, Sean Carroll, added, hopefully, “It’s very plausible Hawking has a better argument that he hasn’t yet gotten down on paper.”15


Hawking finally did get it down on paper in early 2014, but it didn’t help much. He published an article on the Internet that was, mostly, a word-for-word transcript of his 2013 talk. It didn’t have any more details that other physicists could begin to tackle. He had only added a few sentences, and one of them seemed calculated to catch the public’s imagination. For Stephen Hawking, the master of the black holes, was suddenly declaring that “the absence of event horizons means that there are no black holes—in the sense of regimes from which light can’t escape to infinity.”16


News quickly spread around the world. “Stephen Hawking Says There Is No Such Thing as Black Holes, Einstein Spinning in His Grave,” blared one grammatically challenged newspaper. “Stephen Hawking Stuns Physicists by Declaring ‘There Are No Black Holes,’” insisted another. In terms of media firestorms, it was a mere ripple compared to what Hawking had triggered in his heyday, but media outlets from Bangladesh to Canada were once again reporting on the physicist’s science. It was the first time in a decade.17
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It’s not like the media ignored Hawking. Far from it. It’s just that the headlines were almost never about his science. They were about his pronouncements—or his personal life. No other scientist, not even Einstein, had a life story that so captivated the public, or had so many films made about it.


“Focus Features’ much-awaited ‘The Theory of Everything’ world premiered at Toronto on Sunday night to the most rapturous standing ovation of the festival so far,” gushed the Hollywood trade magazine Variety. “The Stephen Hawking biopic starring Eddie Redmayne and Felicity Jones (as his wife Jane Hawking) left not a dry eye in the house.”18


It was not the first movie about Hawking, but it was arguably the best received. (It soon won the gangly, freckle-faced Redmayne an Oscar for his portrayal of the physicist as he grappled with the disease that robbed him of his ability to move.) At its heart, though, The Theory of Everything was a tear-jerker of a love story, one that Hawking wryly described as “broadly true.”19


The story begins with the young Stephen as a geeky prodigy—a healthy one—beginning his studies at Cambridge University. Soon after meeting the love of his life, Jane Wilde, he is diagnosed with motor neurone disease and given two years to live. Naturally, he sinks into an angry depression. Jane’s love pulls him back from the slough of despond, and Stephen decides to make the best of the time he has left by studying time itself.


The love story is star-crossed from the start. Jane and Stephen spar throughout the movie about religion; a devout Anglican, she interprets his work—his attempts to “prove with a single equation that time had a beginning… one simple, elegant equation that will explain everything”—as alternately affirming and denying the existence of the creator who is so dear to her. And as Stephen’s disease gets progressively worse, Jane turns to a widowed choirmaster, Jonathan Hellyer Jones, to help maintain the household and to act as a surrogate father for Stephen’s children. Jane begins to fall for Jones, and when Stephen tells his wife that he “won’t object” to Jones’ presence in the household, Stephen’s tortured expression makes clear the true nature of what that permission truly meant.20


But Jane refuses to act upon her feelings; the movie implies that her relationship with Jones is entirely chaste despite their mutual attraction. Only after Stephen falls for his nurse—leading to a weepy and poetic mutual parting of the ways—can Jane finally act on her suppressed feelings. Yet the two remain friends, and the movie ends with the pair looking lovingly at each other, hand in hand, as their three happy children play nearby.


Except for the few moments of despair and pain, Redmayne’s Hawking always sports a twisted, wicked grin. He is affable and sympathetic even as he leaves his wife of twenty-four years for the nurse who seduced him. Felicity Jones’ Jane seems peevish; the actress’ attempts to look stoic and determined often come across as being annoyed at her husband’s disability. This was almost certainly not what Jane had in mind when she agreed to sell the movie rights for her book.


The Theory of Everything was based on Jane Hawking’s five-hundred-page memoir, Travelling to Infinity: My Life with Stephen Hawking, which in turn was a reworked version of her earlier six-hundred-page tell-all, Music to Move the Stars. In her books, Jane was able to control the narrative. She seemed somewhat shocked when the movie version didn’t tell the story quite how she expected.


“The film really only shows part of our lives in Cambridge,” Jane Hawking told The Guardian, explaining that the movie didn’t give a sense of how much strain it was to take care of Stephen, especially with all the traveling he had to do. (She was rebuffed when she asked for the insertion of a video montage of frenzied packing and stowing and preparing for a trip.) Nor did she appreciate that she “didn’t seem to have any friends or relations at all” in the movie. “I knew that if there were mistakes in the film that they were going to be immortalised, which they have been,” she said, adding, “I found that very irritating and I didn’t want it to happen. Don’t ever believe what you see in films.”21


Though the movie was based on his ex-wife’s book, rather than his own autobiography, Hawking helped a great deal with the production. He spent time with Redmayne, and even lent the production crew the use of his distinctive robotic voice. “We’d been using this synthetic version of his voice which this company had drawn up for us,” Redmayne told Empire, a movie magazine. “At the end [of the early screening] he gave us the copyright to use his actual voice.”22 vi


Jane, as the author of the book that inspired the film, naturally got pride of place in the credits at the end of the movie; she is mentioned right after the director, producers, and screenplay writer, and in an equally large font.23vii Then come credits for the actors and crew and thank-yous and acknowledgments for dozens more, including various artists, the locations where the filming took place, and the organizations that gave permission to reprint images in the movie. Even Jane’s parents, who had been dead for years before the filming began, got a special thank you.


Nowhere acknowledged in the credits at all: Stephen Hawking.
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Stephen had his own film projects, though nothing even close to the size of what his ex-wife had been working on. (The Theory of Everything grossed more than $120 million worldwide.24 viii) The professor and his robotic voice were a regular staple on cable-TV science shows.


Stem Cell Universe with Stephen Hawking, which aired on the Discovery Science Channel in April 2014, opened with a shot of the physicist in his wheelchair, his image superimposed upon a luminous spiral galaxy that wheels slowly around him as he narrates. “I have spent my life exploring the mysteries of the cosmos, but there’s another universe that fascinates me. The one hidden inside our bodies.” With that, the galaxy suddenly contracts, collapsing into Hawking’s midriff. And then, with a bang, a disk of little glowing indistinct blobs begins orbiting the physicist anew. “Our own personal galaxies of cells. Today we are on the brink of a new age in medicine. An age where we will be able to heal our bodies of any illness, all because of cells inside us which have special powers.”25


Hawking can be forgiven for his hyperbole; after all, he is a cosmologist, not a biologist or a physician. The clumsy galaxies-to-cells sequence attempts to paper over Hawking’s lack of expertise—and perhaps even real familiarity with—stem cell research. It doesn’t matter; Hawking is science incarnate. His mere presence signals to the audience that what follows is serious, cutting-edge research. Hawking’s six-part series, Science of the Future, which aired on the National Geographic Channel in 2014, dealt with such subjects as virtual reality, robots, urban design, and military technology—nothing anywhere close to the physicist’s areas of study. Hawking had granted TV producers his voice and his name to give the show credibility; there wasn’t much else he could (or needed to) contribute.


Unique among celebrities of the day, Hawking could, quite literally, lend his voice to a production. In the mid-1980s, when doctors performed a tracheostomy to save his life, Hawking lost the use of his larynx and his ability to speak. A team of engineers and software designers rigged his wheelchair with a computer system that he could operate despite his ever-diminishing muscle control. Embedded within that system was a speech synthesizer. Hawking could slowly compose a sentence, and then, with one final twitch of his muscles, send the text to the speech box, which would then attempt to pronounce the words that Hawking had keyed in.


Hawking’s voice was truly disembodied; it resided in a little computer that could—and did—act independently of its master.


Hawking sometimes let others compose sentences for him, which could then be uploaded into his wheelchair computer. Hawking could then edit them—or not—as he saw fit. It was far more efficient than having to laboriously construct his own sentences from scratch on his computer.ix The act of a twitch, a muscular assent, sent those foreign words through his own extended body, to be pronounced through his own voicebox, and become his own.


The human in the wheelchair didn’t even have to be present. By the time Hawking lent out his voice to the producers of The Theory of Everything, he had, on occasion, been allowing filmmakers to use his speech synthesizer for nearly three decades. Errol Morris, who directed the film version of A Brief History of Time in 1990, says that Hawking gave him a copy of his voicebox software so he could record Hawking’s voice without the scientist’s presence. “Theoretically, I could have Hawking saying anything. There’s something quite absurd about that,” Morris says. “You just type in a sentence and you record it, and you put it in the movie.” At some point, Morris tweaked one of Hawking’s statements and the scientist noticed the alteration immediately. “He said, ‘You changed that,’” Morris recalls. “And then he said, ‘But I like it better.’”26


Unlike a regular actor, Stephen Hawking could never flub his lines; if they were entered correctly into the computer, they’d come out as written every single time. And because Hawking didn’t move his lips when he talked, a director with the full use of the physicist’s voicebox could superimpose Hawking’s speech on any image of the physicist sitting in his wheelchair, and it would seem like Hawking himself was intoning the words. No matter if Hawking himself hadn’t composed, or even heard, what he was telling the audience. When Hawking outsourced his voice to a film production, he granted a director almost unheard-of control, an incredible money-saving boon. Shoot a few scenes of the physicist sitting in his chair (typically slow-moving spiral shots in a wood-paneled hall) and a few close-ups of his eye moving about or his head settled uneasily on his shoulder, and that’s all that would be necessary for a production. The film editors could mix and match any of those images with whatever words were passed through the scientist’s speech synthesizer.x


In 2016, Hawking put his name on an oddball series that aired on public television stations in the United States. Part reality show, part science documentary, Stephen Hawking’s Genius asked contestants to tackle scripted challenges that illustrated scientific principles. (In one show, for example, a team was asked to melt a bucket of ice without an obvious source of heat; they wound up bending a metal bar back and forth to convert mechanical energy into heat energy.) The series consisted of six hour-long episodes. Yet the director needed less than four minutes of Hawking footage to carry through the entire season. The film editors used the same tiny library of shots over and over—cut and spliced in different places, digitally colored or otherwise altered in subtle ways, or even time-reversed to make them seem distinct. Only the most careful of observers would be able to tell that the exact same video footage showed Hawking talking about chemistry in one episode, evolution in another, and the expansion of the universe in a third.27


“You know, I would joke to him that he was the first non-talking talking head,” says Errol Morris.28
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To a slow, ambling beat, the electric guitar laments, wailing a gentle, feline wail, and then fades. Out of nowhere, a voice, a robotic voice, takes the lead. “Speech has enabled the communication of ideas, enabling human beings to work together to build the impossible,” Hawking says, keyboard and guitar rising higher and higher in pitch as he continues his monologue. “Mankind’s greatest achievements have come about by talking.”


It wasn’t Hawking’s first appearance on a Pink Floyd album; two decades earlier, the physicist had provided vocals for the band’s “Keep Talking.” In 2014, Floyd decided to release its first studio album in twenty years, and it, too, included a Hawking-narrated track, “Talkin’ Hawking.” It was just as trippy, and Hawking’s voice just as incongruous, as the first song.


Hawking was on his way to becoming a regular fixture in the world of rock ’n’ roll. In 2015, he went on the road with the band U2—albeit virtually—on their iNNOCENCE + eXPERIENCE tour. At each show, fans were treated with a video in which Hawking declared, “One planet. One human race. We are not the same, but we are one.” This line elicited cheers, but not as much as when he told the audience, “We give our elected officials their power, and we can take it away.”29


By the time Hawking received payment for the U2 video, his foundation was up and running. At a gala dinner at the Royal Institution in London in the fall of 2015, Hawking and a variety of celebrities—including Eddie Redmayne—gathered to launch the physicist’s new enterprise. Dedicated to promoting cosmology and helping people with ALS, the foundation began giving small grants to send young Britons to space camp, creating science tunes to help teach young children, and funding research into the very early universe. The foundation—overseen by Hawking’s sister Mary; his friend Kip Thorne; and his Cambridge colleague Malcolm Perry—quickly started raising money.


In its first financial statement, the Stephen Hawking Foundation declared that it had earned £26,000 from a number of sources: rights from the U2 video, from marketing a set of postage stamps issued on the Isle of Man (one of the stamps featured the left side of Hawking’s visage, perfectly mirroring the right side of Einstein’s face immortalized on a neighboring stamp), and from the sale of scented candles. It wasn’t a huge amount; straight-up donations from outsiders netted roughly twice as much.30


Given how little was flowing into the foundation’s coffers, it’s likely that Hawking himself was also receiving a relative pittance from trading on his name. Despite his agent’s attempts to find more sources of funding, Hawking had decided to make a change.


“He had a meeting with me,” says Al Zuckerman, Hawking’s longtime agent. Zuckerman had started working with Hawking in the early 1980s, just as the physicist decided he wanted to write a popular book—the one that became A Brief History of Time. “I helped to make a lot of money [for him],” Zuckerman says with a grin. “Or should I say he helped me make a lot of money.” Despite working with Hawking for so long, he had never signed the physicist to an exclusive contract, and he didn’t handle all of the physicist’s moneymaking ventures. “He had an office with a succession of different people, and they were besieged with requests for his appearances—some universities, and some conferences—and they were really in a position to make money for him,” Zuckerman says. “But the people he had running [his office] were not equipped very well to do that, and so most of those requests did not come to me.” It wasn’t the most efficient arrangement, but it seemed to work for both Hawking and Zuckerman. So the meeting came as a complete surprise.31


“So he met me and [his lawyer], who decides to fire me. Which she did,” Zuckerman says. “I think that he wanted more money than he was earning. And I set myself up to do a lot of the search for ways to get more income. But when push came to shove, he opted to go with this Brit guy.” (This Brit guy being Robert Kirby, an agent who represented Hawking in his final two years and, at the time this book is being written, acts as agent to the physicist’s estate.)


Roughly three years after that meeting, Zuckerman still seems a bit stunned. “He opted to go with Kirby. I have no idea why. I did a lot of work on trying to figure out how to find money for him, and I don’t know what I said,” Zuckerman explains. “I think I made a mistake, though, when I was there, because I was really mostly talking to his lawyer, who, you know, could click with and understand his speech and respond, whereas he was turned away and looking at a computer all the time. I should have realized that I should not have been looking at her but looking at him. But, uh,” Zuckerman sighs. “Fortunately, you know, my life, my livelihood no longer depends on…” His voice trails off.
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Stephen Hawking seldom wagers much money. It’s a good thing, since he usually loses. Most of the time, it isn’t by design.


This time, it looked like he had backed a winner. On March 17, 2014, a team of American physicists announced that they’d detected the subtle signal of gravitational waves—not from black holes crashing together, but from the Big Bang itself. When Hawking spoke on BBC radio the next day, he told listeners, “Yesterday a team from Harvard announced they had detected gravitational waves from the very early universe.” Then, in an announcement that would be stunningly bathetic were it coming from anyone other than Stephen Hawking, he continued, “It also means I win a bet with Neil Turok, director of the Perimeter Institute in Canada.” With that, Hawking’s wager became part of the ongoing story. And a big story it was, as it seemed to be a snapshot of the very first moments after creation.32


A cataclysmic cosmic event, like the spiral-and-crash of two black holes, causes ripples in the fabric of spacetime, so it should come as no surprise that the biggest cataclysm of them all—the Big Bang and the early rapid inflation of the universe—sent shudders throughout the spacetime fabric of the cosmos. Those gravitational waves are so stretched and attenuated by the passage of time and the expansion of the universe that we can’t detect them directly. Even LIGO’s ultra-sensitive detectors are too weak and small to spot these waves. But those gravitational waves left their mark in the heavens.


Many billions of light-years away, boxing us in in every direction, we’re surrounded by walls of light. These walls are invisible to the human eye; their ancient light has been so stretched by the expansion of the universe that only special microwave detectors can spot them. But they’re there nonetheless, everywhere in the sky at once. They are the afterglow of the Big Bang, the light from a moment about four hundred thousand years after the birth of the universe when the glowing-hot clouds of gas that filled the cosmos cooled enough to suddenly become transparent, liberating the light that had been trapped within. That primordial light, now known as the cosmic microwave background (CMB), is ubiquitous—no matter which way you point your telescope, it’s there. And it’s the most distant object we can see. Across those walls lie the very young universe, the cosmos when it was younger than four hundred thousand years old.xi From beyond the CMB, from beyond those walls, light simply can’t reach us.


That’s where gravitational waves come in. Even though we can’t see light from the very early universe, gravitational waves aren’t blocked by those walls. What’s more, the rippling fabric of spacetime affects how those walls look—the gravitational radiation stretched and squished the primordial clouds of gas, and affects the nature of the CMB. Specifically, scientists were looking for telltale signs of gravitational waves in the polarization of the cosmic microwave background radiation.xii And on March 17, 2014, when the researchers associated with a sensitive Antarctic microwave telescope, BICEP2, announced that they had found those signs, the physics community came alive with excitement. Much of the community, anyway.


“This is huge, as big as it gets,” Marc Kamionkowski, a theoretical physicist, told the New York Times for its front-page story. “This is a signal from the very earliest universe, sending a telegram encoded in gravitational waves.” Newspapers and press outlets were full of enthusiastic quotations from theorists who had studied the early universe, including Alan Guth (who came up with the theory of inflation describing the rapid expansion of the universe) and Andrei Linde (who helped devise the version of inflationary theory that is most popular today). Linde had even celebrated the discovery with a bottle of champagne brought over by a BICEP2 scientist. Physicists were even beginning to mutter about a crowning glory for the discovery; the chair of the Harvard Astronomy Department, theorist Avi Loeb, told the Times that if the results held up, “it’s worth a Nobel.”33


When Hawking went on BBC the following day, he was thrilled about the news; BICEP2’s results implied not just that they had detected a signal from the very earliest moments of the Big Bang, but also seemed to show that Alan Guth’s and Andrei Linde’s description of the early universe—the theory of inflation—was fundamentally correct. That’s what Hawking’s bet had been about.xiii


Hawking’s former colleague, Neil Turok, along with several other cosmologists, such as Princeton’s Paul Steinhardt and the University of Pennsylvania’s Burt Ovrut, had been working on an alternative theory that did away with the rapid expansion of the early universe.xiv In their formulation, there wouldn’t be any primordial gravitational waves rattling around the early universe, hence no imprint of gravity upon those hot clouds of primordial gas. Hawking, however, was all-in on inflation; not only was he close friends with Linde—and antagonistic toward Steinhardt—but Hawking had played a major role as midwife for the birth of the theory of inflation (see Chapter 11). So, a true believer in inflation, Hawking had bet Turok $200 that standard inflationary theory was correct—and that there had to be primordial gravitational waves. Or, just as importantly, Turok, Ovrut, and most especially, Steinhardt, were wrong.


Based upon the buzz in the theoretical community, it seemed that Turok would have to pay up. For once, Hawking had won a bet. However, Turok wasn’t so sure. “I have some reasons for doubt about the new experiment and its results,” he said later that day. “It’s not entirely convincing to me that they have clearly seen what they have claimed to have seen.” This wasn’t just sour grapes. Nobody had yet had time to flyspeck the data, to assess for themselves whether the BICEP2 team had made a great discovery or just an embarrassing mistake.34


From a theorist’s point of view, the BICEP2 observations were thrilling, because they suddenly gave direct support for an important segment of cosmology’s theoretical scaffolding—inflationary theory. From an experimentalist’s point of view, it was an exciting but technically challenging observation in which a lot of things could go wrong. Seeing a pattern of polarized light in the sky might well be a signal from the early universe; it might also be light bouncing off dust clouds. Telling the difference between the two is not so easy. And there was a concrete reason to worry: an expensive microwave-detecting spacecraft, Planck, hadn’t seen anything of note. If, in fact, BICEP2 was right, Planck should have also spotted the signal—and there was no good explanation about why the Antarctic telescope was seeing something that the spacecraft didn’t.


Even if Hawking had enough time to read the BICEP2 paper carefully, as a die-hard theorist, he didn’t have the experimental chops to find potential flaws in the analysis. Neither did Turok, for that matter, but his skepticism turned out to be warranted. Within weeks, eminent experimentalists began to poke holes in the BICEP2 team’s analysis. It was a rather technical argument: when the BICEP2 team tried to subtract out the effects of dust using a mathematical model, they had done it in the wrong way. And time proved the skeptics right. More evidence—observations using multiple frequencies of microwaves rather than just one—showed that the polarized light came from dust, not from primordial gas clouds. By early 2015, the BICEP2 researchers had withdrawn their claim.


Hawking hadn’t won the bet after all. But neither had he lost. That’s more than can be said about his other bets, including the ones closest to his wheelhouse: the physics of black holes.
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Perhaps the most striking property of a black hole is how featureless it is. The event horizon that shrouds the center of the black hole is completely opaque—nothing, no light, no matter, no energy, no information at all—can cross that invisible boundary and escape a black hole. This means that an observer outside the event horizon can tell nothing at all about what’s on the other side of the horizon. The information blackout is almost total.


That’s one of the most important conclusions physicists reached during the Golden Age of Black Holes. Hawking and others argued that because no information can escape the event horizon, an observer coming across a black hole could learn almost nothing about it: its age, its composition, what kind of matter it had swallowed since it was born—these were unfathomable mysteries hidden behind the veil of the event horizon. In fact, the physicists concluded, there were only three things that one could tell about a black hole from the outside: its mass, its charge, and how fast it spins. Nothing beside remains.


A black hole is almost totally devoid of distinguishing characteristics, a dictum that became known as the no-hair theorem.xv However, starting in the mid-1970s, Stephen Hawking came to realize that this featurelessness, which is required by the theory of relativity, causes immense troubles for theorists. A different set of laws—the laws of quantum mechanics—says just as firmly that black holes simply cannot be that featureless. Quantum theory says that somehow, the history of a black hole, the information about what it was made of and what it had swallowed, had to be preserved. And Hawking’s own research implied that even a black hole can’t hide such information from view forever; it either had to be destroyed (violating quantum theory) or emerge somehow (violating relativity). This contradiction—the information paradox—quickly became one of the biggest scientific puzzles of the day. It went to the heart of the nearly century-old fissure at the heart of modern physics, the mutual incompatibility of quantum theory and relativity, the two great physical frameworks of the twentieth century. Solve it, and it was possible that the solution would reveal the ultimate answer. It might show the way to an overarching, unifying theory that incorporated both relativity and quantum theory, something that described all the matter and energy and forces in the universe on all scales, large and small. Hawking had been groping for a solution to the information paradox ever since he described it, and toward the end of his life, he believed that the solution to the paradox was likely sitting right on top of a black hole’s event horizon.


In 2014, when Hawking announced that “there are no black holes,” it wasn’t really a declaration of the nonexistence of the objects he had studied his whole career, but a salvo in his attempt to resolve the paradox by reexamining the physics of the event horizon. Though Hawking rejected the recent argument floated by Joe Polchinski and other physicists—that there was a firewall at the event horizon that incinerated infalling matter (and prevented information from getting lost)—he apparently agreed that something different was happening at the horizon, something that could resolve the paradox. Nobody understood quite what Hawking was driving at, not even Polchinski, who dubbed Hawking’s nascent idea chaos walls. But the scientific community awaited further information.


Despite the headlines, Hawking never provided any more information. He soon abandoned the concept of chaos walls in favor of an idea he found much more exciting. A few months after publishing the chaos-wall paper, Hawking visited a ranch owned by a billionaire Texas oilman—George P. Mitchell—for a physics retreat. Mitchell was a major admirer of Hawking’s; he had not only endowed a chair at Texas A&M in Hawking’s name, but named a brand-new auditorium on campus after Hawking. Periodically, Mitchell would invite Hawking and some of his colleagues to gather and discuss the mysteries of the universe. This time, Andy Strominger, a physicist at Harvard who had known Hawking since the early 1980s, was there, and Strominger had some new results.35


Strominger had been working on a branch of general relativity that had been discovered—and abandoned—in the 1960s, and he was increasingly convinced that the ideas he was coming up with could help physicists understand what was going on at a black hole’s event horizon. “And Stephen was very excited by this. I gave a seminar in the afternoon, and we stayed up until one in the morning,” Strominger says. “He wrote, I haven’t been this excited since… I feel like I felt when I discovered the area law.xvi And also his nurses said that they hadn’t seen him that excited in forever.… He became very energized.” And Strominger started working with Hawking and fellow Cambridge physicist Malcolm Perry to refine the idea. By late 2015, Hawking was publicly hinting that he, Strominger, and Perry were thinking about something new and exciting, promising that he was working on a “full treatment” of the concept.36


Collaboration with Hawking was always a bit challenging. “Malcolm and I would be writing at the board and getting cues from Stephen,” Strominger says. “Stephen would sit there typing, and there was always a few minutes’ delay.” But the two were used to the awkward flow of a conversation with Hawking. More problematic was the difficulty of getting the three physicists in the same place at the same time. After several visits to the United Kingdom, Strominger invited Hawking and Perry to visit Boston. “There was always a money problem,” says Strominger. “I mean, at some point some of his rich friends were offering their jets to fly him around, but he couldn’t go on their jets anymore. He could only go on an ambulance jet, and not only that, his doctor insisted on one Swiss company, and it got very expensive… so I had to somehow find the money for him to come.” Eventually the money came through—the visit would cost hundreds of thousands of dollars—thanks to one of those rich friends.37


But even with the money, the trip wasn’t possible unless Hawking’s doctor signed off on the trip. This time, the doctor reportedly said no. Hawking wrote a letter asking him to relent. “He wrote about how excited he was about the research and that it was potentially going to be a Nobel Prize,” Strominger recalls. “I think his doctor was not very sympathetic to having him go off and meet celebrities, but when it came to his legacy and his science… and I think everybody could see that Stephen was invigorated by our new enterprise in a way that he hadn’t been for quite some years.” And so in April 2016, Hawking prevailed; his doctor let him fly to Boston, where the three continued their work.


Despite all the difficulties, Hawking, Strominger, and Perry had a very productive collaboration. They soon delivered a series of papers arguing that the “no-hair theorem” wasn’t quite right: black holes were, in fact, covered with “soft hair.”


The idea is that when a charged particle falls toward the event horizon of a black hole, the rules of electromagnetism dictate that a bizarre, energyless particle of light—a “soft” photon—is born right at the black hole’s event horizon. Such a photon not only stores information about the particle that created it, it will eventually escape its precarious position right on top of the event horizon. That is, soft photons record information about matter that has crossed the event horizon; at some point in the future, this information will be visible to an outside observer. A black hole isn’t truly a featureless object, Hawking’s argument went. It is not a void whose history is totally lost to the bare and boundless sands of time. It is a void with a recorded history, a history stored on soft photons at the event horizon. As no two black holes share the exact same history, their collections of soft photons must be different. Each one has its own unique head of “soft hair.”


Hawking seemed convinced that, at long last, he had solved the problem of what happens to particles when they fall into a black hole—the question at the core of his scientific legacy. It would be his crowning achievement.


His collaborators were not so sure. “Stephen wasn’t afraid of simplifying our work to get to the essence of it and to convey the excitement, but sometimes he said some things that were, you know, ‘We’ve solved the black hole [problem],’” Strominger says. “Well, even worse, he’ll often replace the ‘we’ with ‘I.’”38 xvii


Physicists outside the team were even less enthusiastic about the soft-hair idea. Hawking’s former PhD student Raphael Bousso and a colleague argued that a “bad choice” in the team’s mathematics had led to the wrong conclusion. “In other words, the soft hair is a wig,” he wrote. Its roots didn’t reach down beyond the event horizon—it was not connected to the innards of the black hole. The idea that this hair was preserving information that fell past the event horizon was merely an illusion. That is, soft hair bore “no relevance to the black hole information paradox.” Another former student, Marika Taylor, agrees. “Stephen was so smart. He had to know that, maybe this kind of gave a contribution, but it was not solving fundamental puzzles,” she says. “There’s many different ways to see that this was not going to be the answer. And Stephen had to know that. But… he likes the adulation when he does something big.”39


Even though soft hair was not the breakthrough Hawking seemed to claim it was, for the first time in more than a decade scientists were actively grappling with one of Hawking’s papers—he had sparked a serious debate among his fellow scientists.


Once again, Stephen Hawking was at the center of a controversy; once again, the battleground was the event horizon, the boundary between the universe we know and the darkest unknowns known to humanity. However, this time, for the very first time, the experimentalists had begun to venture there as well.
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Every year, rumors seem to fly faster than ever before. On social media, a quiet blurt can spread around the world at the speed of light. Thousands can hear it and amplify it within a matter of minutes. This is true even in the world of science. And on September 25, 2015, a stray comment on Twitter by a cosmologist in Arizona set off a bout of fevered speculation, leading once more to whispers about Nobel Prizes. This time, though, the outcome would be happier than it had been for the BICEP2 team.


“Rumor of a gravitational wave detection at LIGO detector,” cosmologist Lawrence Krauss tweeted late that Friday afternoon. “Amazing if true. Will post details if it survives.”40


It had been just a few weeks since the LIGO detector had finished a long upgrade and turned on once again. Physicists working on the project had been waiting nervously—LIGO had been unexpectedly silent since it had first turned on in 2002. Had its builders finally made good on the promises they’d made decades (and hundreds of millions of dollars) ago? The LIGO team said nothing, and after a brief flurry of blog posts and short stories in the specialist press, the buzz quieted down. For almost three months.


Then, Krauss struck again. “My earlier rumor about LIGO has been confirmed by independent sources. Stay tuned! Gravitational waves may have been discovered!! Exciting.” This time, the rumors wouldn’t go away. For almost a month, there was a steady drumbeat of speculation, which reached a fever pitch on February 8, 2016, when the collaboration declared a press conference three days hence. The team was coy about the precise nature of the upcoming announcement—merely saying they were going to provide an update, a “status report on the effort to detect gravitational waves.” Even though it was the worst-kept secret in physics, the LIGO team itself was being extremely careful not to let things slip before the formal announcement. They almost succeeded.41


Sixteen minutes before the press conference was set to begin, a NASA astronomer used Twitter to post a picture of a cake decorated with a picture of two black holes spiraling into each other. “Here’s to the first direct detection of gravitational waves!” it announced, in green icing. The rumors were true. A pastry had let the Einsteinian cat out of the bag.42


A few minutes later, Caltech’s Kip Thorne was explaining the discovery to a crowd of journalists. “There was one regime in which general relativity had never been tested,” said Thorne. For the first time, LIGO was giving a direct view of a place where the fabric of spacetime is not just extremely warped, but changing very rapidly—the conditions right near the edge of a black hole as it swallows a large lump of matter. “We have never had any tests in that regime,” Thorne continued. “This observation tests that regime beautifully, very strongly, and Einstein comes out with beaming success.”43


It was a success that Hawking could hardly have dreamt of when he was starting his career. Back then, and on through the Golden Age of Black Holes in the late 1960s and early 1970s, physicists couldn’t even prove that black holes existed. The collapsed stars were the theoretical byproduct of the rules of general relativity; by following those laws to their logical consequences, Hawking and Thorne and numerous other colleagues were able to describe black holes in great detail. However, that wasn’t the same as actually being able to point to a black hole in the sky. Finding a black hole—an object that absorbs light that ventures too close—was an incredibly difficult task. As Hawking put it, trying to find one was akin to “looking for a black cat in a coal cellar.”44


By the time Hawking was starting his black-hole research, astronomers had seen a strange object in the constellation Cygnus—a mysterious mote in the sky that shone brightly with X-rays. Scientists suspected that it was a dead sun, and if it was, it was far too heavy to be any of the other kinds of collapsed stars that theorists knew about. It could just possibly be a black hole. Most astrophysicists came to the conclusion that it was a black hole, but the evidence was indirect. Indeed, Hawking’s most famous wager—his 1975 bet with Thorne—was about whether this weird object in Cygnus was, in fact, a black hole. Hawking only conceded the bet in 1990.


Over the years, astronomers built up better and better evidence for the existence of black holes. Using X-ray detectors, they spotted more objects like the one in Cygnus. Using infrared and visual telescopes, they peered at the centers of distant galaxies looking for signs of massive black holes swallowing matter. (Astrophysicists now think that pretty much every galaxy has a black hole at its center.) They watched as stars at the center of our galaxy wheel around a massive invisible object. Astronomers are very certain that black holes exist, but using telescopes that detect different kinds of light—X-rays, ultraviolet light, visual light, infrared light, microwaves, radio waves—it’s exceedingly hard to spot an object that doesn’t let light escape, much less to probe its properties. The theorists with their equations were seeing far deeper into the abyss than the experimentalists with their instruments could possibly hope to go.


That’s what LIGO had suddenly changed in September 2015. A brief shudder of spacetime heralded the cataclysmic collision of two massive black holes. And every few weeks, LIGO was detecting yet another such “merger”—one in October, another in December. Now, by using gravitational waves rather than light waves, experimentalists were not just detecting black holes, but beginning to gather data about the region not far from a black hole’s point of no return: its event horizon.45


As two black holes spiral in toward each other, they orbit faster and faster and draw closer and closer, emitting gravitational waves all the while, setting spacetime all aquiver. In the final milliseconds before the collisions, the black holes’ event horizons come into ever closer proximity. The gravitational waves that the holes emit in the very last split seconds before that colossal wreck, the last, violent tremors before all is silent once more, are signals from near those event horizons. Experimentalists were beginning to venture right up to the edge of the abyss—just at the border where they might be able to verify some key predictions that Hawking had made about black holes in the 1970s. If they could, Hawking would—after half a century of waiting—like Einstein, have an experiment demonstrating that his ideas were correct.


“He was very excited,” Thorne says. “He wanted to know how well we can measure the masses and spins of the black holes in order to test his area theorem.” Unfortunately, for technical reasons, LIGO isn’t precise enough to provide a stringent test of any of Hawking’s ideas directly: not his work from the 1970s, much less his recent fight over soft hair and firewalls. Even so, it was a stunning result. An observatory was for the first time scoping out the battlefield where Hawking had spent so much of his career. He certainly saw it as a victory. “Along with confirming Einstein’s beautiful theory, the detections agree with predictions that I and other scientists have made about black holes,” Hawking declared in late 2016. “The ripples of their work will flow through the field of astrophysics for many years to come.”46


The following October, Barry Barish, Rai Weiss, and Kip Thorne won the least surprising Nobel in recent memory, “for decisive contributions to the LIGO detector and the observation of gravitational waves.” At the moment of the announcement, the Nobel committee published copious information about the laureates’ achievements. There was a press release announcing the basis for the prize; a popular account intended to make the science accessible to the public; and a dense, eighteen-page background going deep into the winners’ work and its importance. In all of that material, with all of its dozens of references and kudos and historical explanations, one name was entirely missing.


Nowhere acknowledged at all: Stephen Hawking.


Footnotes


[image: image]


i As physicist John Wheeler famously put it, “Spacetime tells matter how to move; matter tells spacetime how to curve.”


ii In retrospect, it’s not at all clear that Eddington’s measurements were sufficient to prove Einstein correct, but that mattered little at the time.


iii As with Eddington’s eclipse observations, these measurements, by astronomer Walter Adams, were in fact too error ridden to be good tests of general relativity. Later, however, more accurate observations verified gravitatgional redshift (and gravitational lensing) with high precision.


iv But again, the “fagbric” is really a four-dimensional manifold rather than a two-dimensional sheet, and includes time as well as space. In addition, the ripples are only created under certain circumstances, so the analogy is misleading in some respects.


v Except, technically, for tidal forces: a stretching pull that eventually turns the astronaut into spaghetti as he or she falls toward the singularity. For sufficiently big black holes, that tidal force should be negligible at the event horizon.


vi The degree to which Hawking and his estate were and are in control of how third parties use his synthetic voice is an interesting legal question—it’s a computer program, created by others, and can thus be used by others, yet it is associated with him just as surely as his face. While I have found trademarks associated with Hawking’s name, I have not found any evidence of copyright on the voice or even an indication whether such a copyright could be possible.


vii Font size is apparently a big deal in Hollywood circles.


viii Even with a box-office success like this, the author won’t necessarily make a huge amount of money. An SEC filing from 2006 revealed the terms of Jane’s film-rights contract for Music to Move the Stars, in which she was paid an option price of $2,000 and promised 2.5 percent of the production budget and the same share of the net profits of the film should it ever be made. If her Travelling to Infinity contract was similar, she probably would have made at most a few hundred thousand dollars from the deal.


ix At his peak, Hawking could only speak at about 15 words per minute; more typical was 3 words per minute or below. For comparison, a good rule of thumb for English speakers is about 120 words per minute.


x Even so, Hawking could be a difficult actor. One director of a 2005 documentary told sociologist Hélène Mialet how Hawking showed up extremely late to a shoot for a BBC documentary, then left early in a fit of pique. Later, attempting to get the Hawking voiceover, the director looked “on the Internet to try to find a kind of Stephen Hawking sound-alike, but we couldn’t actually find one.” Eventually, they convinced the physicist to “read” out the script that they had prepared. Hélène Mialet, Hawking Incorporated: Stephen Hawking and the Anthropology of the Knowing Subject (Chicago: University of Chicago Press, 2012), 96–98.


xi Because light travels at a finite speed, looking at a distant object is like looking back in time. It takes about eight minutes for light to travel from the sun to the Earth, so when you look up at the sky and see the sun, you’re seeing light that emerged from the surface of the sun roughly eight minutes ago. Light from the nearest galaxy, Andromeda, is more than two million years old.


xii Light waves have a certain degree of directionality. They can be “waving” vertically, or horizontally, or in circles—think of all the different ways two children can wiggle a jump rope. By examining patterns of this directionality, this polarization in the CMB light, scientists could, in theory, figure out how gravitational waves were affecting the clouds of gas in the very early universe. For more information, see my book Alpha and Omega, 209 ff.


xiii Paul Steinhardt and his graduate student, Andy Albrecht, also deserve credit, which Hawking was loath to give.


xiv For more on this idea, known as the ekpyrotic or cyclic theory, see my Alpha and Omega, 196 ff.


xv The term came to be when black-hole physicist Jacob Bekenstein, then a graduate student at Princeton, struck by a black hole’s cue-ball-like featurelessness, exclaimed that “a black hole has no hair.” His adviser, John Archibald Wheeler, popularized the phrase—but not everybody was happy with it. Physicist Richard Feynman “thought that was an obscene phrase,” Wheeler once told an interviewer. “He didn’t want to use it.” Interview with John Wheeler, Part 84, “Feynman and Jacob Bekenstein,” available at Web of Stories, www.webofstories.com/play/john.wheeler/84.


xvi One of Hawking’s key insights during the Golden Age of Black Holes.


xvii Strominger emphasized that he bore no resentment. “As I said to my friend, you write a paper with Stephen, you get ten thousand times as much attention as if you write it without Stephen. If I did 99 percent of the work, I’m still coming out ahead by a factor of a thousand,” he said, laughing. “If you look at Stephen’s stuff, he almost never gives credit to any of his collaborators when he’s interviewed. I think he’s given more credit to Malcolm and me than I’ve ever seen him give anybody. Sometimes he sort of suggests that we’re working for him, but you know, I really don’t feel cheated. I’ve had plenty of appreciation so I’m not about to complain, but it’s a fact that he does this.”
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