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Said Hoyle, “You quote


Lemaître, I note,


And Gamow, well, forget them!


That errant gang


And their Big Bang—


Why aid them and abet them?


“You see, my friend,


It has no end


And there was no beginning.


As Bondi, Gold,


And I will hold


Until our hair is thinning!”


—BARBARA GAMOW, “Commentary on Ryle Versus Hoyle,” from Mr. Tompkins in Paperback














Introduction


THE QUEST FOR THE ORIGIN OF EVERYTHING


I, for ’twere absurd


To think that Nature in the Earth bred Gold


Perfect i’ the instant. Something went before.


There must be remote Matter.


—Ben Jonson, The Alchemist


RESOLVING THE GREAT COSMOLOGICAL DEBATE OF THE MID-TWENTIETH century was not on their agenda. Yet in 1964, astrophysicists Arno A. Penzias and Robert W. “Bob” Wilson unexpectedly discovered a radio hiss that turned out to be relic radiation from the early universe. Much to their surprise, their finding, after being interpreted and published the following year, helped settle a long-standing argument about time and space. The Big Bang theory postulated the universe had been created with an initial burst of matter and energy, whereas the steady-state theory—its main rival—described no primordial eruption but rather a slow, continuous creation of material that remains ongoing. The Penzias-Wilson discovery of background radiation tipped the scale toward the Big Bang, away from the steady-state.


Though many researchers had contributed to the development of each theory, in the public mind the debate came down to a clash between two extraordinarily brilliant—and charmingly quirky—figures. Since the late 1940s, Russian Ukrainian American physicist George Gamow—a master of exceptional insights and outrageous puns—had carried the banner of the Big Bang (though he didn’t like that expression), and British astrophysicist Fred Hoyle—known for his stubborn persistence, maverick ideas, and passion for long-distance hiking—had tenaciously advocated the steady-state alternative. Their cogent arguments, featured in popular media such as Scientific American and the New York Times, stimulated ample discussion among savvy followers of science about the possibility or impossibility of a single creation moment in the distant past.


Questions about the origins of everything have a venerable history. Has the universe existed forever? Or was there a beginning? Was all matter and energy created slowly over time, in tiny trickles, or all at once, in a single burst? Are the galaxies in space an evenly distributed mixture of young and old, or is their arrangement a kind of timeline for when they were formed and how they developed?


Long before cosmologists took such questions seriously, they were the province of theologians and philosophers. Pick (or be born into) your religion, and that determined your favored cosmogony. Many ancient belief systems, such as Hinduism, Taoism, and the faiths of the Babylonians, the Greeks (in the time of Plato), and most traditional Native American groups, embraced the notion of cosmic cycles. In the life of the universe, nothing ever truly died. The death of one epoch invariably was followed by the birth of a new one.


The Abrahamic faiths—Judaism, Christianity, and Islam—on the other hand, advocated a single universal creation at some point in the past. The creation moment represented the dawn of humankind and all mortal things, in stark contrast to the concept of the eternity of God. Like the lives of those fated to grow old, get ill, and die, such a unidirectional, linear time scheme started with a clear, glorious birth.


By the 1920s, and especially in the decades following, thanks to the work of Albert Einstein, Georges Lemaître, Edwin Hubble, and other scientists, the debate as to whether or not the universe had a beginning had shifted to secular grounds. Einstein’s theory of general relativity precisely laid out how mathematical models could trace the development of the universe. Lemaître and others (notably Russian mathematician Alexander Friedmann) used Einstein’s system to provide scientific timelines of cosmic events. Lemaître himself speculated that at a finite time in the past the universe began in an extremely compact, ultradense state—something like a giant atom—and grew until it reached its present size. And Hubble, drawing heavily on the work of astronomers Vesto Slipher, Henrietta Leavitt, and others, used the Hooker telescope at Mount Wilson Observatory in California to demonstrate that the universe is full of galaxies and that all but the closest are receding (moving away) from our galaxy, the Milky Way, at a rate that depends on their distance. Lemaître argued that Hubble’s result supported his prediction of an expanding universe, and Einstein eventually came to agree. Hubble remained agnostic about whether or not the universe was expanding, simply pointing to his galactic recession data as enough of a contribution to the discourse.


Given Hubble’s ambivalence, Einstein’s interest in other topics, and Lemaître’s humble reluctance to trumpet his own ideas (he was a priest as well as a scientist), scientific cosmology was little publicized in the years leading up to and including World War II. There was no real public debate, simply reports in the pages of scholarly journals.


That all changed in the late 1940s, thanks to Gamow and Hoyle. Each, in his own way, was a polymath, a rebel, and a master at science communication. Each was a great fan of Hollywood and its magical theatrics, recognizing the potential of new media (radio and television) to convey extraordinary ideas to wide audiences. It gave them power to sway the public toward their ideas, lending them an impact well beyond the reach of scholarly journals and specialized popular magazines.
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Russian Ukrainian American physicist George Gamow, who argued that the early universe was a hot, dense cauldron of chemical elements in formation. CREDIT: AIP Emilio Segrè Visual Archives, Physics Today Collection.








Gamow, a nuclear physicist who came to embrace cosmology, took up the mantle of Lemaître’s idea. Along with his student Ralph Alpher and another researcher, Robert “Bob” Herman, he wrote several key papers on the topic of cosmogenesis—the creation of matter in the fiery early moments of the universe. Gamow’s offbeat humor and keen sense of how to elucidate the strange aspects of modern science enlivened his work and made it very palatable to the general public. No solemn clergyman was he; rather, he loved to clown around like a late-night television host. Pranks and practical jokes were his trademark. In numerous popular works, such as his delightful series of books about a bank clerk named Mr. Tompkins who encounters various scientific wonders, his ample wit and zany illustrations made science tons of fun. Gamow’s vivid description of cosmic expansion—from an ultradense point to its current size—in the 1952 book The Creation of the Universe truly brought what came to be known as the Big Bang theory to life. In that and other works, he used a rather silly-sounding word, “ylem,” to describe the primordial ultradense state of the universe. Ylem (a term chosen by Alpher) comes from the obscure medieval Latin term hylem, meaning “matter.”
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British astrophysicist Fred Hoyle, co-developer of the steady-state theory of cosmology and proposer of the notion that most of the chemical elements arise in the hot cores of stars. CREDIT: Photo by Ramsey and Muspratt, courtesy AIP Emilio Segrè Visual Archives, Physics Today Collection.


Fred Hoyle, the leading advocate of the steady-state theory, wasn’t quite a showman in the same way as Gamow. His sense of humor was drier, and much less obvious. While Gamow would grab for the silly joke or outlandish pun, Hoyle exercised a darker, more cynical wit. For example, he would jest about cruel circumstances in life, such as the challenges of aging.1


Hoyle often used ridicule to disarm his intellectual opponents. He would frequently frame other researchers’ theories in a less-than-flattering manner, in a way that made his own ideas sound much more sensible. In those cerebral sword fights, he virtually never derided the opposing scientists themselves, many of whom, such as Lemaître, he deeply admired. (The major exception was his Cambridge colleague Martin Ryle, whom he disliked for his volatile personality and arrogant, disrespectful attitude, as well as for his rival ideas.) Rather, in the spirit of a college debate team champion, he would respect his opponents while finding weaknesses in their arguments. Hoyle’s clever critiques, like Gamow’s buffoonery, made for great press.


With his dagger-sharp wit, Hoyle deemed patently ridiculous the idea that all of the material in space was created at once sometime in the past. He saw it as a cheap trick—a sleight of hand unbecoming of serious scientists. He coined the term “Big Bang” as a mocking epithet during a BBC science radio program first broadcast on March 28, 1949: “These theories were based on the hypothesis that all the matter in the universe was created in one big bang at a particular time in the remote past,” he said. “It now turns out that in some respect or another all such theories are in conflict with the observational requirements.… Investigators of this problem are like a party of mountaineers attempting an unclimbed peak.”2


Hoyle’s final remark, about mountain climbing, was even harsher than it sounded because he prided himself as an expert hiker and climber. By the end of his life, he was delighted to have “bagged” all the Munros, the highest mountains in Scotland: 282 peaks all over three thousand feet.3 So, in effect, he was saying, “Leave cosmology to the experts, or study harder and become a real one yourself.”


Hoyle maintained a steady presence on British radio as the leading critic of the “Big Bang,” including in a five-part series, “The Nature of the Universe,” that was published in book form in 1950. He also became a prolific writer of popular science and science fiction. Like Gamow, he became known for his popularization of science in addition to his scientific accomplishments themselves.


Gamow never liked the term Big Bang, because he considered the birth of the universe to be neither big (the universe was tiny at that point) nor a bang (the universe never really exploded; space just grew). Nevertheless, the name stuck.


Likely because of the strength of their personalities and their widespread media presence, Gamow and Hoyle were seen as the main opponents in the epic debate between the Big Bang and steady-state theories. Never mind all the other major contributors, from Friedmann and Lemaître to Alpher and Herman, on the Big Bang side, and Hermann Bondi and Thomas Gold, co-proposers along with Hoyle, on the steady-state side. Although highly informed readers knew of all the others, those following the story in the popular press, particularly in the United States, focused mainly on the two most prominent. During an oral history interview conducted by Martin Harwit, Alpher agreed that the contest “was usually put in the context of Hoyle versus Gamow.”4


From the early 1950s to the mid-1960s, enthusiasts of popular science had fun taking sides in the great cosmological debate. Whereas Gamow and Hoyle were resolutely secular, focusing only on the science, some members of the public tied the ideas to matters of faith. As in many scientific disputes, until all of the facts come in, personal, philosophical, and religious preferences often prevail. That’s what made the Big Bang versus steady-state battle so compelling. In the former, time and the universe have a definite beginning. In the latter, time and the universe are eternal. Consequently, many religious people saw in the Big Bang evidence of divine creation. People who would rather have no need for a creator generally gravitated toward steady-state. It was a choice based on belief rather than evidence—a parlor wager that made sense only before the Penzias-Wilson discovery of the cosmic radio hiss would tip the scale.


Starting in 1964 and continuing into 1965, using a device called the horn antenna at Bell Laboratories in Holmdel, New Jersey, Penzias and Wilson found persistent radio noise that appeared the same coming from all directions. No matter which way they aimed the detector, it was there. After ruling out all manner of local causes, they were greatly puzzled. Fortunately, a team from nearby Princeton University, headed by Robert H. “Bob” Dicke and including young theorist P. J. E. “Jim” Peebles, deduced the answer: the hiss was relic radiation from the hot fireball of the early universe, cooled down to a frigid temperature of approximately 3 degrees above absolute zero. Their results changed the course of science, rendering—at least in the minds of most mainstream researchers—the Big Bang theory of the universe established fact and the steady-state theory a historical curiosity. (Alpher and Herman, Gamow’s associates in proposing the Big Bang, had predicted such leftover radiation.) For their extraordinary contributions, Penzias, Wilson, and (most recently) Peebles would each win a Nobel Prize.


But neither Gamow nor Hoyle were one-trick ponies. Their cosmological disagreement was only one facet of their extraordinary contributions to science, as well as their popularization of it. Reveling in literature and the arts and such diverse scientific fields as genetics and astrobiology, they were arguably two of the most creative scientists of the twentieth century. Despite very different backgrounds, they were each raised in a similar fashion: to take joy in the process of discovery rather than reveling only in the results.


Gamow’s and Hoyle’s brilliance cast light on another age-old puzzle: how the diversity of elements in the cosmos emerged from more rudimentary components. Thanks to their independent efforts—which turned out to complement each other beautifully—we now know how each element on the periodic table came to be, from simple hydrogen to the more complex higher elements.


The tiny nucleus of an atom is made of positively charged protons and neutral neutrons surrounded by a cloud of negatively charged electrons. The composition of atomic nuclei is what distinguishes one element from another. The most basic type of nucleus—that of the most common kind of hydrogen atom—includes a single proton. The nuclei of other elements are plump with different numbers of protons and neutrons. For example, the most common variety of uranium, the heaviest naturally occurring element, has 92 protons and 146 neutrons.


Parsimony suggests that complexity stems from simplicity. Rather than purporting that each element—composed of the same protons, neutrons, and electrons as all others—had a wholly independent origin, it makes more sense to suppose that some natural process of combining nuclei built up light elements, such as hydrogen, into heavier ones, such as helium, lithium, and so forth, finally leading to formation of the bulkiest ones, such as uranium. Yet, as it turned out, designing a viable model that explained how all the natural elements emerged from simpler ones was not easy.


Research in the 1920s and 1930s by brilliant scientists such as Arthur Eddington and Hans Bethe (aided by a key insight of Gamow) showed how two hydrogen nuclei could combine to form helium; this fusion process powered the sun. But explaining how the lion’s share of chemical elements in space had emerged proved daunting.


Fortunately, two extraordinary minds were up to the challenge. Thanks to the genius of both Gamow and Hoyle, we finally know how the atomic nuclei of all of the elements in the periodic table are forged. Independently, these scientists demonstrated how, in two distinct ways, nature’s construction processes turn simple building blocks into complex structures via nuclear fusion taking place at temperatures much hotter than those at the core of the sun.


Gamow, along with Alpher and Herman, developed a scheme called Big Bang nucleosynthesis in which the nuclei of the known chemical elements were built up step-by-step from simpler nuclei during the first few minutes of the ultradense early universe. Because of the universe’s initial concentration of energy, the temperature in the nascent moments of creation must have been extremely hot, which they supposed would enable all of the chemical elements to be forged.


As a nonbeliever in the Big Bang, Hoyle was driven to find another means by which the chemical elements had been formed. He developed and refined the idea—later with William Fowler, Margaret Burbidge, and Geoffrey Burbidge—that the chemical elements are created in the cores of stars in several distinct processes that transpire at different stages of stellar life, including during the sudden contraction of the core as a star reaches its endgame. The newly created elements are then released into space during a supernova burst, with the heaviest of them created during the intense heat of the blast itself. Once dissipated, the heavier elements are available as ingredients for inclusion in new stars and planets, which is why Earth is rich with elements such as nitrogen, oxygen, carbon, iron, nickel, and so forth—not just the lightest elements hydrogen and helium.


Remarkably, both Gamow’s and Hoyle’s teams were partially right. Most of the helium in the universe, as Gamow, Alpher, and Herman anticipated, was produced during the Big Bang; stellar nucleosynthesis, Hoyle’s theory, can’t explain the large quantities that exist. On the other hand, Gamow’s group never could explain how the higher elements could be produced in the Big Bang. Their main problem in constructing such a stepladder of development was the instability of a key rung: beryllium-8, an isotope with four protons and four neutrons that has a lifetime of only three-hundred-billionths of a nanosecond before it decays into two helium-4 nuclei. And without that critical foothold, they couldn’t climb higher on the ladder to reach carbon and even heavier elements.


It was Hoyle’s brilliance and persistence that helped find a way around the missing rung—not through the Big Bang but through the immensely hot shrinking cores of dying stars. He was led to that conclusion by his conviction that astrophysical processes must offer an explanation for how such a vital element as carbon formed. Stanford astrophysicist Robert V. Wagoner, who collaborated with Hoyle, noted: “Hoyle broadened our view of possibly relevant physical processes that could help us understand various aspects of our universe. He motivated many theorists to ‘think outside the box.’”5


Hoyle became aware of the “triple alpha process,” suggested by Edwin Salpeter in 1952, that allowed for beryllium-8 to merge with a helium-4 nucleus in the fraction of a nanosecond before it disintegrated. The combination resulted in carbon-12. Salpeter had speculated that this could happen at temperatures above 100 million degrees Kelvin through chance collisions of the atoms. However, he didn’t detail how the production of stable carbon-12 nuclei could reliably occur, beyond chance collisions.


That’s where Hoyle’s exceptional insight came into play. Nuclear physics, governed by quantum rules, makes certain types of transitions more likely, and others less likely or even impossible. Hoyle, working backward from the heavier element, predicted that carbon-12 must have a hitherto unknown energy level equal to that of the combined energies of beryllium-8 and helium-4, thus making the transition of the two into the heavier one much simpler.


It is like constructing a bridge high above the ground between two skyscrapers: it’s simplest to do if each building has a certain level of exactly the same height. Thus, if you see a pedestrian bridge connecting buildings you’ve never been in, you might suspect that they share floors with that height, at least approximately. Alternatively, even if you haven’t seen a bridge but rather observe someone walk into the lobby of the first building and, sometime later, exit the lobby of the second, you might suspect that the buildings possess a common level that allows for a connection. Similarly, Hoyle inferred that carbon-12 must have an energy level, undetected up to that point, that allows for ready transitions from beryllium-8 amalgamated with helium-4. Those isotopes would need such a “bridge,” he thought, to explain their metamorphosis from one state into another.


The furnace that would allow for such transformations, Hoyle further surmised, was the shrunken core of a swollen red giant star. Once a massive star exhausts its hydrogen fuel, its core cannot produce enough radiation to counteract the gravitational pressure of its bulk, and it starts to collapse. The shock waves of the collapse induce the star’s outer envelope to expand into a much larger star—a red giant. The core’s collapse causes it to heat up above the requisite temperature of 100 million degrees that Salpeter had suggested, supplying the conditions for the higher elements such as carbon-12 to form from the fusion of lighter elements.


Hoyle spent considerable time at the Kellogg Radiation Laboratory associated with Caltech, first in collaboration with Fowler, and later also with the two Burbidges, to search for such a carbon-12 resonance (conditions under which the energy level matches that required for the formation of carbon-12) and to develop a detailed model of how other higher elements could be built up in the core of a star or forged in the heat of supernova explosions and then released via such bursts. The four researchers published their detailed model in an instrumental paper, “Synthesis of the Elements in Stars,” in 1957.


As astrophysicist Virginia Trimble notes, “The paper was so influential that generations of astrophysicists called it B2FH for short, quipping that the early Universe made hydrogen and helium, but Burbidge, Burbidge, Fowler and Hoyle made all the rest.”6


Because of their contributions to the two different schemes explaining element creation—Big Bang nucleosynthesis for the lighter elements and stellar nucleosynthesis for all of the others—all of those involved, including Gamow and Hoyle but also Alpher, Herman, the Burbidges, and Fowler, were arguably qualified to receive Nobel Prizes. The fact that the only one who did was Fowler has been a controversial matter ever since. One complicating factor is that the Nobel Prize in Physics can be awarded to only three individuals at a time. Another complication is that some of the predictions of Gamow, Alpher, and Herman were initially overlooked at the time of the discovery of the cosmic microwave background radiation (CMBR) that served to verify the Big Bang, with the focus on the calculations by Princeton physicists instead. Thus, it took some time for proper credit to be allocated to everyone involved, making the history rather nuanced. We’ll explore some of the conflicts and controversies that arose in the pages ahead.
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THIS BOOK IS A HIGHLY UNUSUAL SCIENTIFIC JOINT BIOGRAPHY, BECAUSE the principal players, Gamow and Hoyle, did not interact very often in person. Their most notable face-to-face encounter took place in the summer of 1956 when Gamow was working as a consultant for the defense company General Dynamics in La Jolla, California, and he invited Hoyle for a visit. While driving along the seaside enclave’s sunny streets in Gamow’s Cadillac, they had an animated discussion about the temperature of space. Their discourse anticipated, in some ways, Penzias and Wilson’s discovery of the cosmic microwave background radiation. In general, though, the two scientists largely ran in different circles. Sometimes the separation was deliberate. In at least one instance when an in-person, scholarly debate could have happened, the 1958 Solvay Conference in Belgium, Gamow sensed he was excluded because of his opposition to Hoyle’s ideas. And, sadly, because of his poor health, Gamow died much earlier than did Hoyle.


Yet their lives were tied together, for a time, in so many ways. It was a modern media conjunction of personalities, appropriate because they both loved Hollywood movies, speculative literature, and drama. They met on the pages of numerous accounts of the battle over the properties of the universe, including a special issue of Scientific American called “The Universe,” published in September 1956, in which their articles, “The Evolutionary Universe,” by Gamow, and “The Steady-State Universe,” by Hoyle, appeared in succession. Their dueling models of element formation turned out to complement each other like yin and yang. Moreover, their popular books and articles vied for the minds of all those eager to learn science in an accessible way.


A humorous anecdote from around that period shows how the two were closely associated in the public mind. Once, during a scientific conference, Gamow was sitting in a hotel bar having some drinks. Deciding to play a joke on him, another scientist bribed a waitress to approach his table and say, “There is a telephone call for you Professor Hoyle.” Without batting an eye, Gamow replied, “Don’t throw Hoyle on troubled waters.”7


In 1959, around the height of the Big Bang–steady-state debate, scientist and critic C. P. Snow, in his highly influential Rede Lecture (an annual series put on at Cambridge—not too far from where Hoyle was working at the time) spoke of the great divide between “two cultures”: the scientific realm and the literary world.


“I believe the intellectual life of the whole of western society is increasingly being split into two polar groups… at one pole we have the literary intellectuals… at the other scientists,” Snow argued. “Closing the gap between our cultures is a necessity in the most abstract intellectual sense, as well as in the most practical. When those two senses have grown apart, then no society is going to be able to think with wisdom.”8


Hoyle, who would deliver a Rede Lecture on cosmology twenty-three years later, demonstrated that not all intellectuals fell into only one of Snow’s two cultures. Throughout his life, he argued strongly that scientists should be literate, proving his own thesis by writing or cowriting numerous well-regarded science fiction books that blended thought-provoking scientific ideas with intriguing social issues. For example, his novel The Black Cloud and television screenplay (and novelization) A for Andromeda offered two distinctive fictional reflections of what alien life might be like. Moreover, he often ventured into the world of the arts—writing the libretti of an opera, for example, and an oratario with the composer Leo Smit.


Gamow was not inclined to make political or social statements, such as calling for scientists to be more literate. Nevertheless, in his deeds, he similarly set a great example of a physicist savvy about culture. His numerous popular books and articles—Snow, in his later role as editor of Discovery magazine, would help launch him as a writer—contained clever sketches and word play. In a book about the history of quantum physics, he included an English translation of a parody of Faust performed in Copenhagen to gently poke fun at the senior scientists at Niels Bohr’s Institute for Theoretical Physics. He illustrated it himself with hilarious caricatures. Even in his scientific articles, Gamow made erudite jokes, such as humorously claiming Bethe “in absentia” as the third author of one of his key papers with Alpher, just so that the byline could read “Alpher, Bethe, and Gamow,” which sounds like “alpha, beta, and gamma,” the first three letters of the Greek alphabet.


If, during the UFO craze of the 1950s, an extraterrestrial race wanted to search the earth for some of its finest Renaissance men, individuals adept at science and in the arts, with brilliant instincts about how the universe works, it could do no better than select Gamow and Hoyle. These two thinkers seemed otherworldly indeed, each with an extraordinary intellect and buoyant imagination that verily rocketed them to the stars and beyond.


Following one’s gut instincts has a downside, however. Impulsive behavior arguably served to marginalize both Gamow and Hoyle in their later years, each in a different way. Gamow often introduced ideas but didn’t follow up on them. Rather, he’d leave the work to others and simply move on. His unabashed, joking manner sometimes overwhelmed his colleagues, who might have taken him less seriously during research discussions than they should have. His low self-control manifested in chain smoking and heavy drinking, taking a toll on his health and (especially the latter habit) affecting how others perceived him. Those who valued his enormous contributions worried he’d be seen as a drunken clown rather than as the genius he was.


Hoyle, on the other hand, lived a healthy lifestyle but sometimes made poor choices in other ways. In his final decades, he spent much of his time on projects that were well out on the fringes of conventional science, claiming, without evidence, that life on Earth was brought here by astral bodies such as comets and alleging that a famous fossil in London’s Natural History Museum was fabricated. Rattled by politics at the University of Cambridge, he unexpectedly resigned from his academic position only a few years before he was due to retire and moved with his wife to the Lake District, a remote part of England, which served to isolate him from other scientists. Finally, his repeated dismissal of all evidence that the observable universe was once hot and compact, while contriving far-fetched alternative explanations, raised many eyebrows and made it hard for the mainstream scientific community to continue to take him seriously, despite his pivotal earlier contributions.


Arguably in both cases, each man’s reputation as an outstanding popularizer with a fanciful side also made him suspect in the eyes of serious scientists. As Snow pointed out, some scientists were uninterested in bridging the divide between the “two cultures” and belittled those who made such attempts. Gamow’s popular accounts could be very silly, and Hoyle’s science fiction could be rather outlandish—rendering their works fun for readers but odd for certain hard-headed researchers. Passionate about creativity, neither Gamow nor Hoyle cared what traditionalists thought. They spoke to a wider audience and to a higher principle: the search for and dissemination of truth.


Fundamentally, Gamow and Hoyle were adventurous loners who cared far more about cosmic mysteries than social conventions. Each detested bureaucracy, which they saw as holding back individual creativity. From childhood until the end, each followed his own path through the terrain of scientific discovery, even during times when he was outcast from the scientific community. Solitary and stubborn, each found truth and joy on his own terms and never wanted to be part of the herd.














CHAPTER ONE


Children of an Expanding Cosmos


In one corner you have burly, pun-making Russian-American physicist George Gamow. He says the universe did have a beginning and that beginning was a very big bang.…


In the other corner you have piano-playing, novel-writing, baggy-tweeded English astronomer Fred Hoyle. His side says that there was no instant creation. The universe is in a steady-state.


—MARTIN MANN, “The March of Science,” Popular Science, March 1962


A CHILD VYING WITH THE UNIVERSE IS AN UNEVEN MATCH FOR sure. Fledgling youth are small and helpless. The sky seems limitless and overwhelming. Yet stubborn, brilliant children—those with just the right mixture of audacity and insight—cede no ground. Schoolyards and playgrounds are too confining. Even Earth, with its ancient habits and tired superstitions, seems trite to those with wide eyes and novel perspectives. Seize the cosmos with the mind, explain its glory through reasoning and imagination, and the intrepid soul wins the ultimate prize.


In the early twentieth century, science fiction and science popularization—through the works of visionary writers such as Jules Verne, Camille Flammarion, and H. G. Wells; pioneering film directors such as Georges Méliès (A Voyage to the Moon) and George Booth (The Airship Destroyer); and the first radio broadcasters, which aired vivid, groundbreaking theatrical productions—sparked youthful imaginations in an unprecedented manner. The era of emerging mass media, which publicized scientific discoveries of the age like never before, would prove the perfect nurturing ground for two extraordinary individuals, each with an unstoppable drive to tackle the great questions of science and convey their bold hunches and radical notions about the universe to wide, eager audiences.


The epoch of scientists popularizing their own work—for good or bad—had commenced. No longer would theories and hypotheses remain hidden within the pages of scholarly books and journals until clear-cut experimental findings rendered them valid and relevant. At its best, the publicity of science led to greater public understanding. But at its worst, media-amplified science allowed people to mistake wild speculation for established fact—as happened in 1910, when apocalyptic fear arose around the approach of Halley’s Comet, sparked in part by Flammarion’s well-publicized conjecture that a poisonous gas carried by the comet threatened life on earth. For better or worse, our two protagonists grew up in, and became attuned to, this media-driven age.


IN THE DAYS OF THE COMET


George (Georgiy Antonovich) Gamow was born in Odessa in the Russian Empire (now Ukraine) on March 4, 1904. He came into the world rather dramatically. As a fetus, he was huge and misaligned in the womb. Thus, when his mother, Alexandra Arsenievia Lebedinzeva, a high school teacher, went into labor in the family’s apartment late at night, her life was gravely in danger. Luckily, their next-door neighbor knew of a good Moscow surgeon who happened to be vacationing nearby. In her horse and buggy, the neighbor sped off into the darkness to the doctor’s house, roused him from his sleep, and fetched him to perform an emergency Caesarian section. The procedure took place on a desk next to bookshelves—which Gamow came to think of as a fitting place for a future writer to begin his life.1 Hefty baby George—who would grow up into a towering man—was fine, thankfully.
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German-born physicist Albert Einstein, developer of the special and general theories of relativity. CREDIT: AIP Emilio Segrè Visual Archives.








George’s father, Anton Mikhailovich Gamow, was also a teacher, specializing in Russian language and literature. Perhaps Anton Gamow’s most famous pupil was Lev Bronstein, better known by his nom de guerre Leon Trotsky, the Russian revolutionary who worked closely with Lenin and who would eventually become Stalin’s chief opponent. A disgruntled student, he circulated a petition to try to get his teacher fired for alleged incompetency. Luckily, Anton survived the attempted “Trotskyist coup,” remained an educator, and continued to fund his family’s ample book collection and other necessities of life.


The year after Gamow was born was a banner year for Albert Einstein, whose theories would play a major role in Gamow’s life. In 1905, Einstein published several revolutionary papers, including ones that laid out his special theory of relativity. In a flash, he shattered the rigid Newtonian framework of absolute space and time that had been canon for two centuries. Absolute space imagines a set of invisible rulers that spans a fixed universe in all three dimensions. Absolute time does the same for the passage of moments, imagining them clocked linearly in a consistent way throughout the cosmos, steadily ticking onward through eternity.


Einstein greatly respected Isaac Newton, so he would not have banished absolute space and time for trivial reasons. Rather, he wanted to resolve a stark contradiction in the science of light between the predictions of classical mechanics, as described by Newton and others, and those of classical electrodynamics, as delineated by the equations of the Scottish physicist James Clerk Maxwell.


As a teenager, Einstein constructed a thought experiment about an imaginary person racing alongside a beam of light. Classical mechanics predicts that such an incredibly swift runner would perceive the light beam as frozen in space as they keep pace with each other. After all, that’s what happens when two trains move at the same steady pace in the same direction on parallel tracks. Looking out their windows, passengers on each train view those sitting in the other train as being at rest. So why not the same observation if we could keep pace with a beam of light traveling through space? The problem was, as Maxwell’s equations demonstrated, light’s speed in a vacuum does not depend on the speed of the observer, as Newtonian physics predicts. Rather, it always remains the same no matter how fast the observer is moving. In contrast to the train situation, even if someone tried to race a light beam, he or she couldn’t possibly catch up and view it as being at rest. Frustratingly, the light would always seem to be dashing through space at exactly the same speed.


Resolving the contradiction between Newtonian and Maxwellian physics, Einstein found, required making measurements of intervals in time and space dependent on the relative speeds of the person taking those readings and the phenomena she or he is observing. Such flexibility in describing time and space, he discovered, would allow for a self-consistent description of motion that encompasses a constant speed of light. That is, by relaxing the rigidity of clocks and yardsticks in Newtonian physics, Einstein was able to rescue its general picture of relative motion for everything except light, while supporting the Maxwellian notion that light itself has a fixed velocity.


In special relativity, observers traveling at different speeds record time passing at different rates—an effect increasingly noticeable if their relative velocities approach the speed of light. For example, when a bystander on Earth observes (via an extraordinarily powerful telescope) a timepiece on a spaceship traveling close to light speed, the seconds seem to tick by more slowly than they do on a stationary clock hanging on the wall. That effect is called time dilation. Moreover, the moving vehicle appears to shrink in the direction of its motion, an effect called length contraction. Speed equals distance divided by time. Therefore, by showing that distances and times are observer-dependent, Einstein made it possible for all observers to measure the same speed of light in a vacuum, while applying laws of relative motion that govern all objects. Light speed (absolute) and the velocities of trains (relative to the speed of observers), for example, could thus be encompassed in a self-consistent way. In essence, special relativity brilliantly resolved the discrepancy between the constancy of light and the relativity of motion slower than light by dismissing the idea of universal rulers and clocks and introducing flexible definitions that depend on the relative speed of the observer and what is being observed.


Such malleability of space and time has been confirmed in numerous experiments involving high-speed objects, such as in precise measurements of the decay rates of elementary particles propelled by accelerators close to the speed of light. Even in the case of much slower speeds, such as passengers traveling in aircraft, scientists have been able to measure a minuscule, but well-documented, effect. Their clocks have ticked at a slightly slower pace than those on Earth, rendering them tiny fractions of a second younger than if they had remained on the ground.


In a flash, Einstein had banished the Newtonian absolutist framework and thereby made physics more internally consistent. His 1905 works, including those introducing special relativity, were so extraordinary, historians have deemed the year his annus mirabilis, or “miracle year.”


Of course, at the age of one, Gamow had no idea what was happening in the world of science. Yet, he would soon catch up. As he passed through childhood, immersed in his parents’ impressive collection of books, he became a true bibliophile. At first his mother would read to him, then he became a voracious reader himself. Influenced by writers such as Jules Verne, whose novel From the Earth to the Moon galvanized Gamow’s imagination, and Flammarion, a popular astronomer who produced mind-stretching, marvelously illustrated works, Gamow soon turned his fascination to astronomy. Such speculative writings planted the seeds for his interests in science much later in life.


One memorable event in Gamow’s early life, and indeed for the entire world, was the close passage of Halley’s Comet. Earth crossed quietly through its tail on May 19, 1910. Despite the innocuous encounter, its approach had fomented a great deal of fear. A report had surfaced that researchers tracking the comet from the Yerkes Observatory in Wisconsin, which was operated by the University of Chicago, had found spectral evidence of the chemical cyanogen in its makeup. In large doses, cyanogen is a deadly poison. Flammarion, who had envisioned a comet-caused apocalypse in his 1894 book Omega: La Fin du Monde (The Last Days of the World), warned that “the cyanogen gas would impregnate the atmosphere and possibly snuff out all life on the planet.”2


Odessa was not immune to the ensuing panic. Aside from the worries about “poison gas” (which was in truth so dilute as to be absolutely harmless), unusual astral phenomena often generate fear. In folk belief, comets are harbingers of catastrophe. In Odessa, and the southern Russian Empire in general, unscrupulous religious individuals took advantage of public worry to hawk special protection prayers for money.3


Yet when the comet arrived, it turned out to be a thing of beauty and wonder, not terror. Gamow climbed on the roof of his family’s house to gaze at its splendor. He decided soon thereafter (inspired more by the books he read than by the comet) that he wanted to be an astronomer, which he later modified to being a physicist. His father bought him a telescope, and young Gamow put it to good use. As an adult, his work bridged both fields.


Sadly, Gamow’s mother died when he was nine years old. Raising him alone, his father continued to support the boy’s science interests—buying him a microscope, for example—and sought to enrich his musical tastes by taking him often to the opera. Despite his father’s prodding, Gamow never developed a taste for that form of musical expression. The one exception was the opera Russlan and Ludmilla, based on one of Alexander Pushkin’s fairy tales, because the performance featured a particularly memorable scene involving the severed, but still-animated head of a giant, which stirred Gamow’s scientific curiosity.


AN AGE OF REVOLUTION


In the early to mid-1910s, the Russian Empire, the German Empire, and the British Empire were ruled by cousins: Nicholas II, tsar of Russia; Wilhelm II, German emperor; and George V, king of the United Kingdom and the British Dominions. (King George, constrained by a parliamentary democracy, played a largely ceremonial role.) Photos taken on family occasions, such as in Berlin at the 1913 wedding of the kaiser’s daughter Victoria Louise, highlighted the three sovereigns’ striking resemblance. Thus, as subjects of those monarchs, George Gamow, Albert Einstein, and Fred Hoyle—despite living in three widely separate parts of Europe—had more in common than one might think. Revolutionary developments involving their respective empires during World War I and its aftermath would teach these scientists that nothing was constant in the world, scientific theory no exception. They also shared some personality traits—dogged individualism, decision-making based on intuitive judgment, distrust of religious dogma, and nonconformity in the face of scientific orthodoxy—that were shaped perhaps by the turbulence of the age.
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The house in Gilstead, West Yorkshire, England, where Fred Hoyle spent his early years, now honored with a blue plaque. CREDIT: Photograph by Paul Halpern.








Hoyle was born on June 24, 1915, in the village of Gilstead, near the town of Bingley in the West Riding of Yorkshire (an area that loosely overlaps what is now called “West Yorkshire”), England. Unlike Odessa, a seaport, Bingley is well inland. Yet at that time it was open to much commerce, from sea to sea, thanks to its prominent position on the Leeds and Liverpool Canal, a major Industrial Age transportation route. One of the marvels of the canal-building era is Bingley’s two sets of locks—Three-Rise Locks and especially Five-Rise Locks—which helped vessels climb dozens of feet in short intervals of time. In fact, the latter, with its staircase design, is the steepest in England. In Hoyle’s time, as it does today, it represented the most famous tourist site in Bingley.


Gilstead itself is tiny and cozy, laced with walking paths, meadows, and rows of working-class houses. The Glen (originally Hammondale), a pub founded by Hoyle’s great-grandfather Ben Preston, a famous poet who wrote in the West Yorkshire dialect, is a central feature. Preston hailed from the nearby city of Bradford, where he worked as a sorter (quality controller) in a woolen mill. There, at the age of thirty, he wrote his moving poem “Come to Thy Gronny, Doy.” Once he had saved up enough money, through a successful second career in writing and journalism, he moved his family to the Bingley area, where it remained for generations.
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The Glen, formerly Hammondale, Gilstead, Yorkshire, England, built by acclaimed poet Ben Preston, Fred Hoyle’s great-grandfather. CREDIT: Photograph by Paul Halpern.








In those days, it was not uncommon for people somehow related to each other to wed. So it happened that two of Ben Preston’s descendants—Ben Hoyle and Mabel Pickard—got married. Because their mothers were sisters, Ben and Mabel were first cousins. As they would end up being Fred Hoyle’s parents, he had a complex family tree.


Ben Hoyle, like his namesake ancestor, worked in the Bradford wool industry—in his case, as a respected cloth dealer. Mabel, a talented musician, trained at the Royal College of Music and became a schoolteacher. When they got married, however, and Mabel took the surname Hoyle, social rules of the time demanded that she give up her career and become a housewife. And she did, for a time.


But less than a year before Fred was born, Europe plunged into World War I, with Britain joining on August 4, 1914. As the war dragged on, more fighters were needed and Ben Hoyle, already in his thirties, was conscripted into the army. He fought for almost three years (from 1915, right after Fred was born, until 1918) as leader of a machine-gun unit. It was a dangerous post, with only a fraction of soldiers surviving more than a few months. Thus, Fred, as a very young boy, was without a father and feared losing him forever.


Meanwhile, Mabel needed to make ends meet. Although women whose husbands were away at war were given special permission to teach, she didn’t want to leave Fred by himself the whole day, so she preferred an afternoon or evening job. Even though she was a classically trained pianist, more familiar with Beethoven than ragtime, she applied for a job as the accompanist at a local cinema. As the silent movie reels unraveled, her nimble fingers danced across the keys. When the owner realized that she was playing serious classical pieces rather than the kitschier film music then in vogue, he fired her. Soon he had to bring her back, however, when customers complained. It seems they had largely bought their tickets to hear her performances rather than to watch the films.


Thus, as a wee lad, Fred spent considerable time alone. Did his fiery independence and stubbornness stem from being by himself for so many hours? Or was it in his very nature? An old saying goes, “You can always tell a Yorkshireman—but you can’t tell him much.”4 As a lifelong trait, Fred was not easily persuaded to change his views once he had established them. Upon the close of the war, his father returned to Gilstead safely, albeit shell-shocked, and Fred didn’t have to become the man of the house at the age of three, as many had feared.


It must have been delightful for the whole family to relax to the strains of Beethoven again. Between listening to his mother perform daily on the piano and later learning to play the violin from his father, Fred acquired a lifelong love of music. Among his many accomplishments, in midlife he collaborated with American composer Leo Smit and wrote the libretti for two operas.


Hoyle’s son, Geoffrey, noted, “Music was an integral part of his life from a very early age providing both intellectual stimulus and relaxation. His parents regularly hosted musical soirees at their home.”5


His taste for science, on the other hand, arose from a natural curiosity. A grandfather clock that his father had repaired shortly after returning from the war stimulated a deep interest in the nature of time. He badgered his parents with the same question, “What’s the time?” naturally getting different answers, until finally it dawned on him that their responses were tied to the motion of the hands of the clock.6 “Science to my father had no boundaries,” noted Hoyle’s daughter, Elizabeth. “As a young child he learnt things for himself. He approached most subjects with an open mind and most people as well.”7


Math came easy to him. By the age of four, he was a whiz at multiplication. Reading he picked up several years later by deciphering the title cards of silent films at the cinema. Perhaps because of his mother’s occupation, he acquired a passion for movies. He was prone to visual problems, so his love of film might explain why his reading began with large print on a screen.


By 1921, a little sister named Joan arrived. With the two children taking up much of her time, Mabel had her hands full. She fell ill for some time, possibly suffering from postpartum depression.8


Later in childhood, Hoyle picked up a love of chemistry by perusing one of his parents’ books. His father also had a largely unused chemistry set that young Hoyle found utterly fascinating.9 He conducted numerous experiments at home, even making gunpowder. Once he could travel on his own, he took a streetcar to Bradford, popped into a wholesale pharmacy, and asked for glass tubing and concentrated sulfuric acid, a highly dangerous chemical that could cause severe burns if mishandled. Yet, he must have seemed, as a boy, to know what he was doing because his request was fulfilled.10


Hoyle also became interested in his father’s radio receivers.11 Gilstead maintained a certain isolation from the rest of the world. It was common in that region, a haven for industry, for people to tinker with gadgets. Amateur radio offered a ready, homespun way of connecting with others.


In short, learning for Hoyle was fun. It was formal education that he would come to detest. He much preferred to think for himself, not be told what to do. Autocrats, bullies, and powerful bureaucrats of any stripe revolted him.


After the war, residents were anxious to get back to normal life. Yet revolutions—both political and scientific—boiled up all over the planet. In Russia, Lenin and the Bolsheviks had taken over, precipitating much chaos from Saint Petersburg and Moscow down to Odessa.


At some point, Hoyle came across a reference to (pre-Bolshevik) Russian revolutionaries in a novel, Under Western Eyes, by Joseph Conrad. Because of an abusive, traumatic experience he had had in primary school (Mornington Road School), Hoyle identified with one of the main characters, Razumov, who was beaten by thugs, punched on both ears, and rendered deaf.


Hoyle’s horrific incident at school started out with a seemingly innocuous assignment. His teacher had asked each pupil to pick a flower and talk about its features. Hoyle plucked one variety and noted that it had six petals. When he brought it into school, his teacher insisted that such flowers had only five petals. Sticking to his guns, Hoyle pointed out that the teacher must not have been counting correctly.


The teacher was furious. He took Hoyle aside and punched him hard on the left side on his head. Memories of the shock and pain reverberated for years. Hoyle began to skip school and take long walks—to Five-Rise Locks, to the meadows and moors—just to get away from that awful place. His mother finally enrolled him in Eldwick School, though it was some distance away, but by then he was an excellent walker. Later in life, Hoyle went deaf in his left ear, quite possibly because of that teacher’s blow. He thought of the passage in Conrad’s novel: “Razumov… received a tremendous blow on the side of his head over his ear. At the same time he heard a faint, dull detonating sound, as if someone had fired a pistol on the other side of the wall. A raging fury awoke in him at this outrage.”12


Under Western Eyes was set during the time of the failed Russian revolution of 1905. Between then and 1917—especially during the time of World War I—food shortages, a crashing economy, and growing awareness of the gaping inequalities under the czarist regime set the stage for rising protests and ultimately the overthrow of the monarchy. During the turbulent years of the Russian Civil War that followed the Bolshevik Revolution, Odessa represented a prize for both sides of the struggle. The communist Red Army and anticommunists battled it out for years, each vying for dominance over the city.


Those happened to be the years Gamow was in high school, that is, when it was open. Clashes and fuel shortages repeatedly disrupted his schooling. Fortunately, like Hoyle, he was brilliant enough to learn much on his own. For example, whereas his classmates struggled with high school algebra, Gamow found it too simple. Instead, he taught himself differential equations, a topic typically reserved for upper-level university courses.


It was around then that Gamow had one of his first encounters with the British. During a time when food and drinkable water were scarce, vessels from the UK and other countries such as France brought precious supplies to the harbor, which was connected to the main part of the city by the famous long, steep stairway that later (because of the 1925 film Battleship Potemkin) became known as the “Potemkin Stairs.” The potable water was not pumped up to the city center, however, but could only be accessed via slow public faucets near the docks. Citizens lined up each day for that precious opportunity. One of Gamow’s family chores was to bring down buckets, wait in line, slowly fill them with water, and then haul them home up the numerous steps.


One day Gamow was walking near the harbor with pails in hand when he spotted a British sailor standing near his ship. When the seafarer asked him what he doing, he decided to practice his English and responded that he needed some water. No problem, replied the sailor, who quickly filled the buckets using a hose from the ship. Others nearby, who saw how fast and easy it was, also had their pails filled. Gamow lugged the buckets up the long staircase, but it was only at the top that he realized he had been tricked. The water, simply saltwater pumped from the sea, was undrinkable. Rather than curse the British, though, he had a good laugh. It was his first experience with their prankish sense of humor.


As Odessa reeled from the turmoil following the Russian Revolution, world headlines proclaimed a far different kind of revolution: one that overthrew conventional notions of space and time. On May 29, 1919, a total solar eclipse could be seen in parts of the Southern Hemisphere. Two British expeditions, organized by Arthur Eddington and Frank Dyson, had measured the properties of starlight in the moon-covered sun’s vicinity to test a prediction of Einstein’s theory of gravitation, known as the general theory of relativity. That data was analyzed and reported at a joint meeting of the Royal Society and the Royal Astronomical Society (RAS) held on November 6 of that year. Eddington and Dyson concluded that the results of their studies were consistent with general relativity. In the days that followed, Einstein became world famous. “Revolution in Science” declared the front page of The Times of London on November 7, “New Theory of the Universe: Newtonian Ideas Overthrown.”13


Gamow somehow became aware of Einsteinian relativity during his high school years, and came to embrace it. Precociously, he began to explore its implications. He enrolled at Novorossiya University in Odessa, hoping to study the sciences, especially physics. However, university life there was in shambles because of the Russian Civil War. Much to Gamow’s great disappointment, the chair of the physics department decided that the university’s lack of personnel and suitable equipment for demonstrations precluded them from conducting reasonable physics lectures, and none were held. The math program was good, but that wasn’t enough. After a year, the frustrated Gamow implored his father to let him transfer to a better university. His father sold some of the family silver, which enabled Gamow in 1922, at the age of eighteen, to take the life-changing voyage up to Saint Petersburg (then called Petrograd, and later Leningrad) to attend the excellent university there, with its outstanding physics program.14


MOLDING THE COSMIC CLAY


Einstein’s journey to fame and accomplishment was years in the making. After introducing special relativity in 1905, he realized the theory was incomplete and began to think about ways to extend it. Special relativity, in its simple, original form, applies to situations in which objects are moving at a constant velocity, not to cases in which an object is accelerating—speeding up, slowing down, or turning. And it doesn’t address the effects of gravitation. In short, it is incapable of describing the bulk of phenomena in the natural world.


One issue of gravitation that Einstein believed he needed to address had to do with Newton’s concept of gravity as a remotely acting force; instead, Einstein believed it was something more immediate. Newton imagined gravity as a kind of invisible thread of attraction binding Earth to the sun and keeping this planet in orbit. But what if, somehow, the sun blinked out of existence? According to Newtonian physics, Earth would instantly be free to move in a straight line off into space. But sunlight takes about eight minutes to reach Earth. Surely, any kind of effect due to the sun’s vanishing must take at least that time to make the leap across the chasm of darkness in between. It would be very strange if Earth starting racing away even before people noticed the sun was missing. In essence, because special relativity precludes faster-than-light interactions, Einstein supposed Newton’s model of gravitation as an instantaneous remote effect must be wrong.


Einstein found the way forward by means of a very clever thought experiment involving objects in free fall. He imagined someone falling off the roof of his house and letting go of an object—say, a toolbox—as he begins his descent. As he is plunging, he notices that the object is descending right next to him at the same rate. If he didn’t know he and the object were falling, he might believe that they both were at rest with respect to each other. Thus, if you imagine a bubble around the man and the object, within it would be a system that resembles being in the state of inertia. Inertia means an object is either at rest or moving in a straight line with a constant speed. That image led Einstein to the equivalence principle—the idea that when you are in the immediate vicinity there is no way to tell apart a freely falling system from an inertial system.


One of the surprising consequences of the equivalence principle is the idea that light bends in the presence of gravity. We can see how that works by imagining a glass elevator freely falling toward the ground at a high velocity close to the speed of light. Suppose a laser halfway up one of its walls is aimed at a spot halfway up the elevator’s opposite wall. If you were inside the elevator, from that perspective, which is locally indistinguishable from being at rest, the laser would seem to send its beam straight across. However, if someone was standing on the ground watching the elevator, when the elevator was up high they’d see the light leave the laser halfway up one wall, gradually descend in space as the elevator rapidly falls, and hit the halfway point on the opposite wall at a point significantly lower than the starting point. Thus, the light would follow a parabolic trajectory, similar to the path a ball takes when rolled off a high ledge. (Horizontal constant motion, combined with vertical, downward acceleration due to gravity, produces a parabolic path overall.) If they then ignored the elevator itself and focused solely on the laser beam, it would seem to bend under the influence of gravity.


That gave Einstein a brilliant idea. Imagine if the whole universe could be described as an intricate network of locally inertial frameworks—something like an immense bank of freely falling glass elevators—each plunging under the gravitational influence of the mass and energy in its local region. From the perspective of each local framework, light would travel in a straight line. However, what is straight according to one framework might appear bent in others observing from a different perspective. To track the path of light through space, therefore, requires revising the coordinate systems from point to point to accommodate those differences. The result is a global map of light tracks that shows how light responds within each local patch of matter and energy. As Einstein showed in his masterful general theory of relativity, completed in 1915, the terrain of that map is shaped by the amount of mass and energy in each region. Like a heavy rock denting an otherwise flat bed of wet clay, according to Einstein’s equation, matter and energy warp the fabric of space and time. Spatial curvature, in turn, alters the path of everything that moves through the universe. Thus, Einstein was able to explain in a natural way why the planets move around the sun—because its immense mass distorts space in its vicinity—thereby replacing Newton’s unsatisfactory explanation of “invisible threads” of gravity.


In his seminal paper on general relativity, Einstein made several key experimental predictions. Among those was the prognostication that starlight would bend in the vicinity of the sun as a result of the sun’s mass warping space. Naturally, Einstein knew he couldn’t test his forecast during normal daytime hours (too bright to see stars) or at night (none of the starlight passes anywhere near the sun). However, a total solar eclipse would offer the perfect situation to test solar light bending.


During the war, few German scientists kept in touch with their British counterparts. Einstein, though, who considered himself a pacifist and an internationalist, was a rare exception. He and Eddington, who was also a pacifist and who was avidly interested in general relativity, maintained a close correspondence. Thus, it was natural for Eddington, along with Dyson, to organize the key astronomical missions in 1919 to the Southern Hemisphere—specifically Sobral, Brazil, and Príncipe, an island off the coast of West Africa—to test Einstein’s hypothesis. Einstein was delighted by the teams’ results and indebted to Eddington for his persistence.
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Eldwick School, which Fred Hoyle attended from ages nine to eleven, before enrolling in Bingley Grammar School. CREDIT: Photograph by Paul Halpern.








STARS AND ATOMS


While Einstein became world famous, Eddington shared a measure of that fame, especially in Britain. The success of the solar eclipse research helped Eddington launch a second career as a science popularizer, alongside his primary mission as a research scientist. He wrote a number of widely read books, including some of the first popular works in the English language describing Einstein’s theories. He eventually was knighted—one of the few scientists, including notables such as Newton, to receive such an honor.


One of the young minds Eddington influenced was Fred Hoyle’s. While in high school, he borrowed Eddington’s 1927 book Stars and Atoms from Bingley Public Library. Based on lectures Eddington had delivered in Oxford, it examines questions such as what goes on in the interior of stars and features his novel idea that the fusion of chemical elements generates stars’ energy. Although Hoyle’s first love at that time was chemistry, he had developed a passion for astronomy as well. Eddington’s book beautifully showed how those interests could be combined in the study of stellar nucleosynthesis, an area in which Hoyle would become a true pioneer.
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Sparable Lane, a footpath near Fred Hoyle’s childhood home, where he first encountered the wonders of the starry dome. CREDIT: Photograph by Paul Halpern.








Hoyle traced his fascination with stars to his preteen days at Eldwick School. By that time, he had overcome, to a certain extent, his anxiety about school that the traumatic botany incident at the Mornington Road School had induced. Starting out behind because of his many months of truancy, he very quickly caught up with and surpassed the other pupils. He also began to play more freely with other boys and girls, including a nighttime game resembling hide-and-seek. One day his search for a hiding place took him to Sparable Lane, an unpaved road through a wooded area near his house so narrow that it was essentially a foot path. (Sparable, from “sparrow bill,” means a headless, thin nail, which is what the lane resembled.) On one side of the lane was a wall overlooking the valley, and he and a friend climbed onto it. It was there he had an epiphany about the wonders of the universe.


As he recalled: “When on top of a wall that perfect starlit night, I seemed to be in contact with the sky instead of the earth, a sky powdered from horizon to horizon with thousands of points of light, which, on that particular dry, frosty night, were unusually bright. We were out there for perhaps an hour and a half, and, as time went on, I became more and more aware—awed, I suppose—of the heavens. By the time I arrived back… I had made a resolve… that I would find out what those things up there were.”15


Although Eldwick was superior to Mornington Road, it still didn’t meet the brilliant young thinker’s needs, especially once he became motivated to study the mysteries of atoms and the stars. His classes, with a wide mix of students of different ages and abilities, didn’t challenge him much. Given his strong interest in science, Hoyle’s parents hoped to find him a place in an academic high school that would prepare him well for university. The closest such school was Bingley Grammar School on the opposite side of town. To attend on scholarship, Hoyle needed to take a highly competitive qualifying examination.


When faced with the tough exam, however, some of his anxious feelings returned. Working painstakingly slowly, he skipped some of the math questions and muddled through part of the English language and comprehension section. Of the math questions he did answer, he indeed solved all of them correctly. So, when he got home from the test, he wasn’t sure whether he had passed or failed.


Bizarrely enough, he ended up failing and passing. The first letter he received told him he hadn’t made the cut. He was crushed. However, a scandal soon erupted when parents found out that the passing rate in the Bingley area was much lower than usual that year. Seats at the grammar school would be empty if they took the exam results at face value. After much complaint, the headmaster, Alan Smailes, who had trained in mathematics at Cambridge, called Hoyle to the school for a private interview and a discussion with the head of chemistry. Hoyle must have impressed them both because they soon awarded him a scholarship. So off to Bingley Grammar School it was.
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