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PRAISE FOR

THE MAKING OF THE ATOMIC BOMB

“A great book. Mr. Rhodes has done a beautiful job, and I don’t see how anyone can ever top it.”

—LUIS W. ALVAREZ,
Nobel Laureate for Physics, 1968

“ . . . what I read already impressed me with the author’s knowledge of much of the history of the science which led to the development of nuclear energy and nuclear bombs and of the personalities which contributed in the U.S. to the development of these. I was particularly impressed by his realization of the importance of Leo Szilard’s contributions which are almost always underestimated but which he fully realizes and perhaps even overestimates. I hope the book will find a wide readership.”

—EUGENE P. WINGER,
Nobel Laureate for Physics, 1963

“I found The Making of the Atomic Bomb well written, interesting and one of the best in the great family of books on the subject. It is fascinating as a novel, and I have learned from it many things I did not know. Mr. Rhodes has done his homework conscientiously and intelligently.”

—EMILIO SEGRÈ,
Nobel Laureate for Physics, 1959

“Mr. Rhodes gives careful attention to the role which chemists played in developing the bomb. The Making of the Atomic Bomb strikes me as the most complete account of the Manhattan Project to date.

—GLENN T. SEABORG,
Nobel Laureate for Chemistry, 1951

“The Making of the Atomic Bomb is an epic worthy of Milton. Nowhere else have I seen the whole story put down with such elegance and gusto and in such revealing detail and simple language which carries the reader through wonderful and profound scientific discoveries and their application.

The great figures of the age, scientific, military, and political, come to life when confronted with the fateful and awesome decisions which faced them in this agonizing century. This great book dealing with the most profound problems of the 20th century can help us to apprehend the opportunities and pitfalls that face the world in the 21st.”

—I. I. RABI,
Nobel Laureate for Physics, 1944
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Taken as a story of human achievement, and human blindness, the discoveries in the sciences are among the great epics.

Robert Oppenheimer

In an enterprise such as the building of the atomic bomb the difference between ideas, hopes, suggestions and theoretical calculations, and solid numbers based on measurement, is paramount. All the committees, the politicking and the plans would have come to naught if a few unpredictable nuclear cross sections had been different from what they are by a factor of two.

Emilio Segrè


Foreword to the
25th Anniversary Edition

More than seven decades after its conception under the looming storm front of the Second World War, the Manhattan Project is fading into myth. The massive production reactors and plutonium extraction canyons at Hanford, Washington; the half-mile-long uranium enrichment factory at Oak Ridge, Tennessee; the several hundred thousand workers who built and operated the vast machinery while managing to keep its purpose secret, disappear from view, leaving behind a bare nucleus of legend: a secret laboratory on a New Mexican mesa, Los Alamos, where the actual bombs were designed and built; a charismatic lab director, the American physicist Robert Oppenheimer, who rose to international prominence postwar until his enemies brought him low; a lone B-29 bomber incongruently named for the pilot’s mother, Enola Gay; a devastated city, Hiroshima, and poor ruined Nagasaki all but forgotten.

Almost mythical too are the weapons themselves, except when an enemy seeks to acquire them. New nuclear powers are a threat, we are warned; old nuclear powers keep the peace. A young scholar, Anne Harrington de Santana, has discerned that nuclear weapons have acquired the status of fetish objects; like the coin of the realm in relation to commodities, our glittering warheads have become markers of national power: “Just as access to wealth in the form of money determines an individual’s opportunities and place in a social hierarchy, access to power in the form of nuclear weapons determines a state’s opportunities and place in the international order.” That’s why most industrial nations have considered acquiring nuclear weapons at one time or another since 1945 even as none has dared to use them. If the bombs were ever actually used, the walls would come tumbling down.

The danger of use was one reason I decided in 1978 to write the history of the development of the first atomic bombs. (Another reason was the declassification of the bulk of Manhattan Project records, which made it possible to support the story with documents.) Nuclear war seemed more imminent then than it does now. In the late 1970s and early 1980s, when I researched and wrote this book, the nuclear arms race between the United States and the Soviet Union appeared to be accelerating. I, and many others, worried that accident, inadvertence, or misunderstanding would lead to catastrophe.

The Soviets were at war in Afghanistan and appeared to President Jimmy Carter to be thrusting down toward the Arabian Sea and the oilrich Middle East—something Carter swore the United States would not allow even if it meant nuclear war. The Soviets were determined to enlarge their nuclear arsenal to match ours—a decision they made in the aftermath of the Cuban Missile Crisis of 1962, when President John F. Kennedy was able to back them down by threatening nuclear war—and the closer they came to parity the more belligerently the American right howled for blood. Ronald Reagan, elected president in 1980, proceeded to more than double the U.S. defense budget while coining such provocative characterizations of the other nuclear superpower as “the evil empire” and “the focus of evil in the modern world.” The Soviets shot down a Korean airliner that had wandered into their airspace, killing all aboard. A 1983 NATO field exercise, Able Archer, which included a trial run-up to nuclear war in which heads of government participated, very nearly scared the Soviet leadership under an ailing Yuri Andropov into launching a nuclear first strike.

Disturbing as these events were, I found it hard to believe that a species as clever and adaptable as ours would voluntarily destroy itself, even though it had voluntarily manufactured the means to do so. I wondered if, back at the beginning, before the first bombs burned out those two Japanese cities and fundamentally changed the nature of war, there had been alternative pathways to the present, pathways different from those which we and the Soviets had followed. Why seventy thousand nuclear weapons between us when only a few were more than enough to destroy each other? Why a primarily military confrontation across the Cold War when nuclear weapons made direct military conflict between the superpowers suicidal? Why, on the other hand, despite all the rhetoric and posturing, had not one nuclear weapon been exploded in anger since Nagasaki? It seemed to me that if I went back to the beginning, even to before the beginning, when releasing the enormous energies held latent in the nuclei of atoms was simply an interesting and challenging physics problem, that I might rediscover abandoned pathways which could, if reilluminated, lead toward an outcome different from the looming threat of nuclear apocalypse.

Those alternative pathways did exist. I did find them, as others had before me, hidden in plain sight. By placing them at the center of this book I tried to reilluminate them. The Making of the Atomic Bomb has become the standard prehistory and history of the Manhattan Project. It has been translated into a dozen languages and published around the world. I’ve heard from enough people in government, in the United States and abroad, to know that it has been widely read in pentagons and white houses. In that way it has contributed to a general understanding of the paradox of nuclear weapons. I don’t mean the paradox of deterrence, which partakes of the fetish object delusion that Harrington de Santana delineates. I mean the paradox which the great Danish physicist Niels Bohr first articulated: that, though nuclear weapons are the property of individual nation-states, which claim the right to hold and to use them in defense of national sovereignty, in their indiscriminate destructiveness they are a common danger to all, like an epidemic disease, and like an epidemic disease they transcend national borders, disputes, and ideologies.

I included so much Manhattan Project prehistory in this book—the history of nuclear physics from the discovery of radioactivity at the end of the nineteenth century up to the discovery of nuclear fission in Nazi Germany in late 1938—partly because I believed I had to understand the physics, as well as a layman can, if I hoped to understand what was revolutionary about the bombs, and assumed readers would wish to do so as well. I had one lecture course in physics in college, no more, but I learned there that nuclear physics is almost entirely an experimental science. Which means that the discoveries that led to the bombs were the consequence of the physical manipulation of objects in the laboratory: this metal box, fitted with a radiation source, a sample inserted, measured using this instrument, with this result, and so on. Once I’d mastered the jargon, it was possible to read through the classic papers in the field, visualize the experiments, and understand the discoveries, at least where their application to making bombs was concerned.

Later, I realized that reviewing the history of nuclear physics served another purpose as well: It gave the lie to the naive belief that the physicists could have come together when nuclear fission was discovered (in Nazi Germany!) and agreed to keep the discovery a secret, thereby sparing humankind the nuclear burden. No. Given the development of nuclear physics up to 1938, development that physicists throughout the world pursued in all innocence of any intention of finding the engine of a new weapon of mass destruction—only one of them, the remarkable Hungarian physicist Leo Szilard, took that possibility seriously—the discovery of nuclear fission was inevitable. To stop it, you would have had to stop physics. If German scientists hadn’t made the discovery when they did, British, French, American, Russian, Italian, or Danish scientists would have done so, almost certainly within days or weeks. They were all working at the same cutting edge, trying to understand the strange results of a simple experiment bombarding uranium with neutrons.

Here was no Faustian bargain, as movie directors and other naifs still find it intellectually challenging to imagine. Here was no evil machinery that the noble scientists might have hidden from the politicians and the generals. To the contrary, here was a new insight into how the world works, an energetic reaction, older than the earth, that science had finally devised the instruments and arrangements to coax forth. “Make it seem inevitable,” Louis Pasteur used to advise his students when they prepared to write up their discoveries. But it was. To wish that it might have been ignored or suppressed is barbarous. “Knowledge,” Niels Bohr once noted, “is itself the basis for civilization.” You cannot have the one without the other; the one depends upon the other. Nor can you have only benevolent knowledge; the scientific method doesn’t filter for benevolence. Knowledge has consequences, not always intended, not always comfortable, not always welcome. The earth revolves around the sun, not the sun around the earth. “It is a profound and necessary truth,” Robert Oppenheimer would say, “that the deep things in science are not found because they are useful; they are found because it was possible to find them.”

Those first atomic bombs, made by hand on a mesa in New Mexico, fell onto a stunned pre-nuclear world. Afterward, when the Soviet Union exploded a copy of the Fat Man plutonium bomb built from plans supplied by Klaus Fuchs and Ted Hall and then went on to develop a comprehensive arsenal of its own, matching the American arsenal; when the hydrogen bomb increased the already devastating destructiveness of nuclear weapons by several orders of magnitude; when the British, the French, the Chinese, the Israelis, and other nations acquired nuclear weapons, the strange new nuclear world matured. Bohr proposed once that the goal of science is not universal truth. Rather, he argued, the modest but relentless goal of science is “the gradual removal of prejudices.” The discovery that the earth revolves around the sun has gradually removed the prejudice that the earth is the center of the universe. The discovery of microbes is gradually removing the prejudice that disease is a punishment from God. The discovery of evolution is gradually removing the prejudice that Homo sapiens is a separate and special creation.

The closing days of the Second World War marked a similar turning point in human history, the point of entry into a new era when humankind for the first time acquired the means of its own destruction. The discovery of how to release nuclear energy, and its application to build weapons of mass destruction, has gradually removed the prejudice on which total war is based: the insupportable conviction that there is a limited amount of energy available in the world to concentrate into explosives, that it is possible to accumulate more of such energy than one’s enemies and thereby militarily to prevail. So cheap, so portable, so holocaustal did nuclear weapons eventually become that even nation-states as belligerent as the Soviet Union and the United States preferred to sacrifice a portion of their national sovereignty—preferred to forego the power to make total war—rather than be destroyed in their fury. Lesser wars continue, and will continue until the world community is sufficiently impressed with their destructive futility to forge new instruments of protection and new forms of citizenship. But world war at least has been revealed to be historical, not universal, a manifestation of destructive technologies of limited scale. In the long history of human slaughter that is no small achievement.

In the middle years of my life I lived on four acres of land in Connecticut, a meadow completely enclosed within a forested wildlife preserve. It teemed with creatures: deer, squirrels, raccoons, a woodchuck family, turkeys, songbirds, crows, a Cooper’s hawk, even a pair of coyotes. Except for the hawk, every one of those animals constantly and fearfully watched over its shoulder lest it be caught, torn, and eaten alive. From the animals’ point of view, my edenic four acres were a war zone. Only very rarely does an animal living under natural conditions in the wild die of old age.

Until recently, the human world was not much different. Since we are predators, at the top of the food chain, our worst natural enemies historically have been microbes. Natural violence, in the form of epidemic disease, took a large and continuous toll of human life, such that very few human beings lived out their natural lifespans. By contrast, man-made death—death, that is, by war and war’s attendant privations—persisted at a low and relatively constant level throughout human history, hardly distinguishable in the noise of the natural toll.

The invention of public health in the nineteenth century, and the application of technology to war in the nineteenth and twentieth centuries, inverted that pattern in the industrialized world. Natural violence—epidemic disease—retreated before the preventive methodologies of public health to low and controlled levels. At the same time, man-made death began rapidly and pathologically to increase, reaching horrendous peaks in the twentieth century’s two world wars. Man-made death accounted for not fewer than 200 million human lives in that most violent of all centuries in human history, a number that the Scottish writer Gil Elliot vividly characterizes as a “nation of the dead.”

The epidemic of man-made death collapsed abruptly after the Second World War. Losses dropped precipitously to levels characteristic of the earlier interwar years. Since then, chartered violence has smoldered along, flaring in guerrilla conflicts and conventional wars on the nuclear periphery, accounting for an average of about 1.5 million lives a year—a terrible number, to be sure, but the average before 1945 was fully a million lives higher; and the peak, in 1943, 15 million.

Man-made death became epidemic in the twentieth century because increasingly efficient killing technologies made the extreme exercise of national sovereignty pathological. And it was evidently the discovery of how to release nuclear energy and its application to nuclear weapons that reduced the virulence of the pathogen. In a profound and even a quantifiable sense, the weapons that counseled caution these past seven decades at the level of deep nuclear fear served as containers in which to sequester the deaths they held potential, like a vaccine made from the attenuated pathogen itself. It required three tons of Allied bombs to kill a German citizen during the Second World War. By that quantitative measure, the strategic arsenals of the United States and the Soviet Union at the height of the Cold War held latent some three billion deaths, a number that corresponds closely to a 1984 World Health Organization estimate, arrived at by other means, of potential deaths from a full-scale nuclear war.

Packaging death in the form of nuclear weapons made it visible. The sobering arsenals became memento mori, blunt reminders of our collective mortality. In the confusion of the battlefield, in the air and on the high seas it had been possible before to deny or ignore the terrible cost in lives that the pursuit of absolute sovereignty entails. Nuclear weapons, the ultimate containers of man-made death, made the consequences of sovereign violence starkly obvious for the first time in human history. Since there was no sure defense against such weapons, they also made the consequences certain. A new caste of arms strategists hustled to discover ways to use them, but every strategy foundered on the certain calculus of escalation. “Every great and deep difficulty bears within itself its own solution,” Niels Bohr had counseled the scientists at Los Alamos whose consciences he found stirred when he arrived there in 1943. Nuclear weapons, encapsulating potential human violence at its most indiscriminate extreme, paradoxically demonstrate the reductio ad absurdum of man-made death. The years since 1945 have been a dangerous but unavoidable learning experience. On many more occasions than the Cuban Missile Crisis and the near-debacle of Able Archer 83, I’ve been told, we almost lost our way.

We will confront such risk again, and may we be so lucky the next time, and the next after that. Or perhaps the disaster will break in some other hemisphere and the millions who will die will fall under another flag. It won’t take much to involve the rest of us even at a ten-thousandmile remove. In 2008, some of the scientists who modeled the original 1983 nuclear winter scenario investigated the likely result of a theoretical regional nuclear war between India and Pakistan, a war they postulated to involve only 100 Hiroshima-scale nuclear weapons, yielding a total of only 1.5 megatons—no more than the yield of some single warheads in the U.S. and Russian arsenals. They were shocked to discover that because such an exchange would inevitably be targeted on cities filled with combustible materials, the resulting firestorms would inject massive volumes of black smoke into the upper atmosphere which would spread around the world, cooling the earth long enough and sufficiently to produce worldwide agricultural collapse. Twenty million prompt deaths from blast, fire, and radiation, Alan Robock and Owen Brian Toon projected, and another billion deaths in the months that followed from mass starvation—from a mere 1.5-megaton regional nuclear war.

The 1996 Canberra Commission on the Elimination of Nuclear Weapons identified a fundamental principle that it called the “axiom of proliferation.” In its most succinct form, the axiom of proliferation asserts that As long as any state has nuclear weapons, others will seek to acquire them. A member of the commission, the Australian ambassador-at-large for nuclear disarmament, Richard Butler, told me, “The basic reason for this assertion is that justice, which most human beings interpret essentially as fairness, is demonstrably a concept of the deepest importance to people all over the world. Relating this to the axiom of proliferation, it is manifestly the case that the attempts over the years of those who own nuclear weapons to assert that their security justifies having those nuclear weapons while the security of others does not, has been an abject failure.”

Elaborating before an audience in Sydney in 2002, Butler said, “I have worked on the Nuclear Non-Proliferation Treaty all my adult life. . . . The problem of nuclear-weapon haves and have-nots is the central, perennial one.” From 1997 to 1999 Butler was the last chairman of UNSCOM, the United Nations commission monitoring the disarming of Iraq. “Amongst my toughest moments in Baghdad,” he said in Sydney, “were when the Iraqis demanded that I explain why they should be hounded for their weapons of mass destruction when, just down the road, Israel was not, even though it was known to possess some 200 nuclear weapons. I confess too,” Butler continued, “that I flinch when I hear American, British, and French fulminations against weapons of mass destruction, ignoring the fact that they are the proud owners of massive quantities of those weapons, unapologetically insisting that they are essential for their national security and will remain so.”

“The principle I would derive from this,” Butler concluded, “is that manifest unfairness, double standards, no matter what power would appear at a given moment to support them, produces a situation that is deeply, inherently, unstable. This is because human beings will not swallow such unfairness. This principle is as certain as the basic laws of physics itself.”

At a later time and place Butler spoke of the particular resistance of Americans to recognizing their double standard. “My attempts to have the Americans enter into discussions about double standards,” he said, “have been an abject failure—even with highly educated and engaged people. I sometimes felt I was speaking to them in Martian, so deep is their inability to understand. What Americans totally fail to understand is that their weapons of mass destruction are just as much a problem as are those of Iraq.” Or of Iran, North Korea—or of any other confirmed or would-be nuclear power.

The Canberra Commission was speaking directly to the original nuclear powers, of course, the five nations whose status as nuclear-weapons states had been effectively grandfathered into the 1968 Nuclear Non-Proliferation Treaty. In 2009, in Prague, President Barack Obama offered a chilling corollary to the axiom of proliferation. “Some argue that the spread of these weapons cannot be stopped, cannot be checked,” he said—“that we are destined to live in a world where more nations and more people possess the ultimate tools of destruction. Such fatalism is a deadly adversary, for if we believe that the spread of nuclear weapons is inevitable, then in some way we are admitting to ourselves that the use of nuclear weapons is inevitable.”

And should we come to such disaster, would we still believe the weapons keep us safe? Would we see their possession then for what it is now, a crime against humanity? Would we wish we had done the hard work of abolishing them, everywhere in the world?

I have studied and written about nuclear history now for more than thirty years. What I take away from this long venture, most of all, is a sense of awe at the depth and power of the natural world, and a fascination with the complexities and the ironies of our species’ continuing encounter with technology. Despite everything, across these past seven decades—nearly the length of my life—we have managed to take into our clumsy hands a limitless new source of energy, hold it, examine it, turn it over, heft it, and put it to work without yet blowing ourselves up. When we finally make our way across to the other shore—when all the nuclear weapons have been dismantled and their cores blended down for reactor fuel—we will find ourselves facing much the same political insecurities we face now. The bombs didn’t fix them and they won’t be fixed by putting the bombs away. The world will be a more transparent place, to be sure, but information technology is moving it in that direction anyway. The difference, as Jonathan Schell has pointed out, will be that the threat of rearming will serve for deterrence rather than the threat of nuclear war.

I think of a world without nuclear weapons not as a utopian dream but simply as a world where delivery times have been deliberately lengthened to months or even years, with correspondingly longer periods interim during which to resolve disputes short of war. In such a world, if negotiations fail, if conventional skirmishes fail, if both sides revert to arming themselves with nuclear weapons again—then at worst we will only arrive once more at the dangerous precipice where we all stand now.

The discovery of how to release nuclear energy, like all fundamental scientific discoveries, changed the structure of human affairs—permanently.

How that happened is the story this book attempts to tell.

—Richard Rhodes

Half Moon Bay

February 2012


PART ONE

PROFOUND
AND
NECESSARY
TRUTH

It is a profound and necessary truth that the deep things in science are not found because they are useful; they are found because it was possible to find them.

Robert Oppenheimer

It is still an unending source of surprise for me to see how a few scribbles on a blackboard or on a sheet of paper could change the course of human affairs.

Stanislaw Ulam


1

Moonshine

In London, where Southampton Row passes Russell Square, across from the British Museum in Bloomsbury, Leo Szilard waited irritably one gray Depression morning for the stoplight to change. A trace of rain had fallen during the night; Tuesday, September 12, 1933, dawned cool, humid and dull.1 Drizzling rain would begin again in early afternoon. When Szilard told the story later he never mentioned his destination that morning. He may have had none; he often walked to think. In any case another destination intervened. The stoplight changed to green. Szilard stepped off the curb. As he crossed the street time cracked open before him and he saw a way to the future, death into the world and all our woe, the shape of things to come.

Leo Szilard, the Hungarian theoretical physicist, born of Jewish heritage in Budapest on February 11, 1898, was thirty-five years old in 1933. At five feet, six inches he was not tall even for the day. Nor was he yet the “short fat man,” round-faced and potbellied, “his eyes shining with intelligence and wit” and “as generous with his ideas as a Maori chief with his wives,” that the French biologist Jacques Monod met in a later year.2 Midway between trim youth and portly middle age, Szilard had thick, curly, dark hair and an animated face with full lips, flat cheekbones and dark brown eyes. In photographs he still chose to look soulful. He had reason. His deepest ambition, more profound even than his commitment to science, was somehow to save the world.

The Shape of Things to Come was H. G. Wells’ new novel, just published, reviewed with avuncular warmth in The Times on September 1. “Mr. Wells’ newest ‘dream of the future’ is its own brilliant justification,” The Times praised, obscurely.3, 4 The visionary English novelist was one among Szilard’s network of influential acquaintances, a network he assembled by plating his articulate intelligence with the purest brass.

    In 1928, in Berlin, where he was a Privatdozent at the University of Berlin and a confidant and partner in practical invention of Albert Einstein, Szilard had read Wells’ tract The Open Conspiracy.5 The Open Conspiracy was to be a public collusion of science-minded industrialists and financiers to establish a world republic. Thus to save the world. Szilard appropriated Wells’ term and used it off and on for the rest of his life. More to the point, he traveled to London in 1929 to meet Wells and bid for the Central European rights to his books.6, 7 Given Szilard’s ambition he would certainly have discussed much more than publishing rights. But the meeting prompted no immediate further connection. He had not yet encountered the most appealing orphan among Wells’ Dickensian crowd of tales.

Szilard’s past prepared him for his revelation on Southampton Row. He was the son of a civil engineer. His mother was loving and he was well provided for. “I knew languages because we had governesses at home, first in order to learn German and second in order to learn French.” He was “sort of a mascot” to classmates at his Gymnasium, the University of Budapest’s famous Minta.8 “When I was young,” he told an audience once, “I had two great interests in life; one was physics and the other politics.”9 He remembers informing his awed classmates, at the beginning of the Great War, when he was sixteen, how the fortunes of nations should go, based on his precocious weighing of the belligerents’ relative political strength:

I said to them at the time that I did of course not know who would win the war, but I did know how the war ought to end. It ought to end by the defeat of the central powers, that is the Austro-Hungarian monarchy and Germany, and also end by the defeat of Russia. I said I couldn’t quite see how this could happen, since they were fighting on opposite sides, but I said that this was really what ought to happen. In retrospect I find it difficult to understand how at the age of sixteen and without any direct knowledge of countries other than Hungary, I was able to make this statement.10

He seems to have assembled his essential identity by sixteen. He believed his clarity of judgment peaked then, never to increase further; it “perhaps even declined.”11

His sixteenth year was the first year of a war that would shatter the political and legal agreements of an age. That coincidence—or catalyst—by itself could turn a young man messianic. To the end of his life he made dull men uncomfortable and vain men mad.

He graduated from the Minta in 1916, taking the Eötvös Prize, the Hungarian national prize in mathematics, and considered his further education.12 He was interested in physics but “there was no career in physics in Hungary.”13 If he studied physics he could become at best a high school teacher. He thought of studying chemistry, which might be useful later when he picked up physics, but that wasn’t likely either to be a living. He settled on electrical engineering. Economic justifications may not tell all. A friend of his studying in Berlin noticed as late as 1922 that Szilard, despite his Eötvös Prize, “felt that his skill in mathematical operations could not compete with that of his colleagues.” On the other hand, he was not alone among Hungarians of future prominence in physics in avoiding the backwater science taught in Hungarian universities at the time.14

He began engineering studies in Budapest at the King Joseph Institute of Technology, then was drafted into the Austro-Hungarian Army. Because he had a Gymnasium education he was sent directly to officers’ school to train for the cavalry. A leave of absence almost certainly saved his life. He asked for leave ostensibly to give his parents moral support while his brother had a serious operation.15 In fact, he was ill. He thought he had pneumonia. He wanted to be treated in Budapest, near his parents, rather than in a frontier Army hospital. He waited standing at attention for his commanding officer to appear to hear his request while his fever burned at 102 degrees. The captain was reluctant; Szilard characteristically insisted on his leave and got it, found friends to support him to the train, arrived in Vienna with a lower temperature but a bad cough and reached Budapest and a decent hospital. His illness was diagnosed as Spanish influenza, one of the first cases on the Austro-Hungarian side. The war was winding down. Using “family connections” he arranged some weeks later to be mustered out.16 “Not long afterward, I heard that my own regiment,” sent to the front, “had been under severe attack and that all of my comrades had disappeared.”17

In the summer of 1919, when Lenin’s Hungarian protégé Bela Kun and his Communist and Social Democratic followers established a shortlived Soviet republic in Hungary in the disordered aftermath of Austro-Hungarian defeat, Szilard decided it was time to study abroad. He was twenty-one years old. Just as he arranged for a passport, at the beginning of August, the Kun regime collapsed; he managed another passport from the right-wing regime of Admiral Nicholas Horthy that succeeded it and left Hungary around Christmastime.18

Still reluctantly committed to engineering, Szilard enrolled in the Technische Hochschule, the technology institute, in Berlin. But what had seemed necessary in Hungary seemed merely practical in Germany. The physics faculty of the University of Berlin included Nobel laureates Albert Einstein, Max Planck and Max von Laue, theoreticians of the first rank. Fritz Haber, whose method for fixing nitrogen from the air to make nitrates for gunpowder saved Germany from early defeat in the Great War, was only one among many chemists and physicists of distinction at the several government- and industry-sponsored Kaiser Wilhelm Institutes in the elegant Berlin suburb of Dahlem. The difference in scientific opportunity between Budapest and Berlin left Szilard physically unable to listen to engineering lectures. “In the end, as always, the subconscious proved stronger than the conscious and made it impossible for me to make any progress in my studies of engineering. Finally the ego gave in, and I left the Technische Hochschule to complete my studies at the University, some time around the middle of ‘21.”19

Physics students at that time wandered Europe in search of exceptional masters much as their forebears in scholarship and craft had done since medieval days. Universities in Germany were institutions of the state; a professor was a salaried civil servant who also collected fees directly from his students for the courses he chose to give (a Privatdozent, by contrast, was a visiting scholar with teaching privileges who received no salary but might collect fees). If someone whose specialty you wished to learn taught at Munich, you went to Munich; if at Göttingen, you went to Göttingen. Science grew out of the craft tradition in any case; in the first third of the twentieth century it retained—and to some extent still retains—an informal system of mastery and apprenticeship over which was laid the more recent system of the European graduate school. This informal collegiality partly explains the feeling among scientists of Szilard’s generation of membership in an exclusive group, almost a guild, of international scope and values.

Szilard’s good friend and fellow Hungarian, the theoretical physicist Eugene Wigner, who was studying chemical engineering at the Technische Hochschule at the time of Szilard’s conversion, watched him take the University of Berlin by storm. “As soon as it became clear to Szilard that physics was his real interest, he introduced himself, with characteristic directness, to Albert Einstein.” Einstein was a man who lived apart—preferring originality to repetition, he taught few courses—but Wigner remembers that Szilard convinced him to give them a seminar on statistical mechanics.20, 21 Max Planck was a gaunt, bald elder statesman whose study of radiation emitted by a uniformly heated surface (such as the interior of a kiln) had led him to discover a universal constant of nature. He followed the canny tradition among leading scientists of accepting only the most promising students for tutelage; Szilard won his attention. Max von Laue, the handsome director of the university’s Institute for Theoretical Physics, who founded the science of X-ray crystallography and created a popular sensation by thus making the atomic lattices of crystals visible for the first time, accepted Szilard into his brilliant course in relativity theory and eventually sponsored his Ph.22D. dissertation.23

The postwar German infection of despair, cynicism and rage at defeat ran a course close to febrile hallucination in Berlin. The university, centrally located between Dorotheenstrasse and Unter den Linden due east of the Brandenburg Gate, was well positioned to observe the bizarre effects. Szilard missed the November 1918 revolution that began among mutinous sailors at Kiel, quickly spread to Berlin and led to the retreat of the Kaiser to Holland, to armistice and eventually to the founding, after bloody riots, of the insecure Weimar Republic. By the time he arrived in Berlin at the end of 1919 more than eight months of martial law had been lifted, leaving a city at first starving and bleak but soon restored to intoxicating life.

“There was snow on the ground,” an Englishman recalls of his first look at postwar Berlin in the middle of the night, “and the blend of snow, neon and huge hulking buildings was unearthly. You felt you had arrived somewhere totally strange.” To a German involved in the Berlin theater of the 1920s “the air was always bright, as if it were peppered, like New York late in autumn: you needed little sleep and never seemed tired.24 Nowhere else did you fail in such good form, nowhere else could you be knocked on the chin time and again without being counted out.” The German aristocracy retreated from view, and intellectuals, film stars and journalists took its place; the major annual social event in the city where an imperial palace stood empty was the Press Ball, sponsored by the Berlin Press Club, which drew as many as six thousand guests.25, 26

Ludwig Mies van der Rohe designed his first glass-walled skyscraper in postwar Berlin.27 Yehudi Menuhin made his precocious debut, with Einstein in the audience to applaud him.28 George Grosz sorted among his years of savage observation on Berlin’s wide boulevards and published Ecce Homo.29 Vladimir Nabokov was there, observing “an elderly, rosy-faced beggar woman with legs cut off at the pelvis . . . set down like a bust at the foot of a wall and . . . selling paradoxical shoelaces.” Fyodor Vinberg, one of the Czar’s departed officers, was there, publishing a shoddy newspaper, promoting The Protocols of the Elders of Zion, which he had personally introduced into Germany from Russia—a new German edition of that pseudo-Machiavellian, patently fraudulent fantasy of world conquest sold more than 100,000 copies—and openly advocating the violent destruction of the Jews.30, 31 Hitler was not there until the end, because he was barred from northern Germany after his release from prison in 1924, but he sent rumpelstiltskin Joseph Goebbels to stand in for him; Goebbels learned to break heads and spin propaganda in an open, lusty, jazz-drunk city he slandered in his diary as “a dark and mysterious enigma.”32

In the summer of 1922 the rate of exchange in Germany sank to 400 marks to the dollar. It fell to 7,000 to the dollar at the beginning of January 1923, the truly terrible year. One hundred sixty thousand in July. One million in August. And 4.2 trillion marks to the dollar on November 23, 1923, when adjustment finally began. Banks advertised for bookkeepers good with zeros and paid out cash withdrawals by weight. Antique stores filled to the ceiling with the pawned treasures of the bankrupt middle class. A theater seat sold for an egg. Only those with hard currency—mostly foreigners—thrived at a time when it was possible to cross Germany by first-class railroad carriage for pennies, but they also earned the enmity of starving Germans. “No, one did not feel guilty,” the visiting Englishman crows, “one felt it was perfectly normal, a gift from the gods.”33

The German physicist Walter Elsasser, who later emigrated to the United States, worked in Berlin in 1923 during an interlude in his student years; his father had agreed to pay his personal expenses. He was no foreigner, but with foreign help he was able to live like one:

In order to make me independent of [inflation], my father had appealed to his friend, Kaufmann, the banker from Basle, who had established for me an account in American dollars at a large bank. . . . Once a week I took half a day off to go downtown by subway and withdrew my allowance in marks; and it was more each time, of course. Returning to my rented room, I at once bought enough food staples to last the week, for within three days, all the prices would have risen appreciably, by fifteen percent, say, so that my allowance would have run short and would not have permitted such pleasures as an excursion to Potsdam or to the lake country on Sundays. . . . I was too young, much too callous, and too inexperienced to understand what this galloping inflation must have meant—actual starvation and misery—to people who had to live on pensions or other fixed incomes, or even to wage earners, especially those with children, whose pay lagged behind the rate of inflation.34

So must Szilard have lived, except that no one recalls ever seeing him cook for himself; he preferred the offerings of delicatessens and cafés. He would have understood what inflation meant and some of the reasons for its extremity. But though Szilard was preternaturally observant—“During a long life among scientists,” writes Wigner, “I have met no one with more imagination and originality, with more independence of thought and opinion”—his recollections and his papers preserve almost nothing of these Berlin days.35 Germany’s premier city at the height of its postwar social, political and intellectual upheaval earns exactly one sentence from Szilard: “Berlin at that time lived in the heyday of physics.” That was how much physics, giving extraordinary birth during the 1920s to its modern synthesis, meant to him.36

*   *   *

Four years of study usually preceded a German student’s thesis work. Then, with a professor’s approval, the student solved a problem of his own conception or one his professor supplied. “In order to be acceptable,” says Szilard, it “had to be a piece of really original work.”37 If the thesis found favor, the student took an oral examination one afternoon and if he passed he was duly awarded a doctorate.

Szilard had already given a year of his life to the Army and two years to engineering. He wasted no time advancing through physics. In the summer of 1921 he went to Max von Laue and asked for a thesis topic. Von Laue apparently decided to challenge Szilard—the challenge may have been friendly or it may have been an attempt to put him in his place—and gave him an obscure problem in relativity theory. “I couldn’t make any headway with it. As a matter of fact, I was not even convinced that this was a problem that could be solved.”38 Szilard worked on it for six months, until the Christmas season, “and I thought Christmastime is not a time to work, it is a time to loaf, so I thought I would just think whatever comes to my mind.”

What he thought, in three weeks, was how to solve a baffling inconsistency in thermodynamics, the branch of physics that concerns relationships between heat and other forms of energy. There are two thermodynamic theories, both highly successful at predicting heat phenomena. One, the phenomenological, is more abstract and generalized (and therefore more useful); the other, the statistical, is based on an atomic model and corresponds more closely to physical reality. In particular, the statistical theory depicts thermal equilibrium as a state of random motion of atoms. Einstein, for example, had demonstrated in important papers in 1905 that Brownian motion—the continuous, random motion of particles such as pollen suspended in a liquid—was such a state.39 But the more useful phenomenological theory treated thermal equilibrium as if it were static, a state of no change. That was the inconsistency.

Szilard went for long walks—Berlin would have been cold and gray, the grayness sometimes relieved by days of brilliant sunshine—“and I saw something in the middle of the walk; when I came home I wrote it down; next morning I woke up with a new idea and I went for another walk; this crystallized in my mind and in the evening I wrote it down.”40 It was, he thought, the most creative period of his life. “Within three weeks I had produced a manuscript of something which was really quite original. But I didn’t dare to take it to von Laue, because it was not what he had asked me to do.”

He took it instead to Einstein after a seminar, buttonholed him and said he would like to tell him about something he had been doing.

“Well, what have you been doing?” Szilard remembers Einstein saying.41

Szilard reported his “quite original” idea.

“That’s impossible,” Einstein said. “This is something that cannot be done.”

“Well, yes, but I did it.”

“How did you do it?”

Szilard began explaining. “Five or ten minutes” later, he says, Einstein understood. After only a year of university physics, Szilard had worked out a rigorous mathematical proof that the random motion of thermal equilibrium could be fitted within the framework of the phenomenological theory in its original, classical form, without reference to a limiting atomic model—“and [Einstein] liked this very much.”

Thus emboldened, Szilard took his paper—its title would be “On the extension of phenomenological thermodynamics to fluctuation phenomena”—to von Laue, who received it quizzically and took it home. “And next morning, early in the morning, the telephone rang. It was von Laue. He said, ‘Your manuscript has been accepted as your thesis for the Ph.D. degree.’ ”42

Six months later Szilard wrote another paper in thermodynamics, “On the decrease of entropy in a thermodynamic system by the intervention of intelligent beings,” that eventually would be recognized as one of the important foundation documents of modern information theory.43 By then he had his advanced degree; he was Dr. Leo Szilard now. He experimented with X-ray effects in crystals, von Laue’s field, at the Kaiser Wilhelm Institute for Chemistry in Dahlem until 1925; that year the University of Berlin accepted his entropy paper as his Habilitationsschrift, his inaugural dissertation, and he was thereupon appointed a Privatdozent, a position he held until he left for England in 1933.44

One of Szilard’s sidelines, then and later, was invention. Between 1924 and 1934 he applied to the German patent office individually or jointly with his partner Albert Einstein for twenty-nine patents. Most of the joint applications dealt with home refrigeration.45 “A sad newspaper story . . . caught the attention of Einstein and Szilard one morning,” writes one of Szilard’s later American protégés: “It was reported in a Berlin newspaper that an entire family, including a number of young children, had been found asphyxiated in their apartment as a result of their inhalation of the noxious fumes of the [chemical] that was used as the refrigerant in their primitive refrigerator and that had escaped in the night through a leaky pump valve.”46 Whereupon the two physicists devised a method of pumping metallicized refrigerant by electromagnetism, a method that required no moving parts (and therefore no valve seals that might leak) except the refrigerant itself.47 A.E.G., the German General Electric, signed Szilard on as a paid consultant and actually built one of the Einstein-Szilard refrigerators, but the magnetic pump was so noisy compared to even the noisy conventional compressors of the day that it never left the engineering lab.

Another, oddly similar invention, also patented, might have won Szilard world acclaim if he had taken it beyond the patent stage. Independently of the American experimental physicist Ernest O. Lawrence and at least three months earlier, Szilard worked out the basic principle and general design of what came to be called, as Lawrence’s invention, the cyclotron, a device for accelerating nuclear particles in a circular magnetic field, a sort of nuclear pump. Szilard applied for a patent on his device on January 5, 1929; Lawrence first thought of the cyclotron on about April 1, 1929, producing a small working model a year later—for which he won the 1939 Nobel Prize in Physics.48, 49

Szilard’s originality stopped at no waterline. Somewhere along the way from sixteen-year-old prophet of the fate of nations to thirty-one-year-old open conspirer negotiating publishing rights with H. G. Wells, he conceived an Open Conspiracy of his own. He dated his social invention from “the mid-twenties in Germany.” If so, then he went to see Wells in 1929 as much from enthusiasm for the Englishman’s perspicacity as for his vision.50 C. P. Snow, the British physicist and novelist, writes of Leo Szilard that he “had a temperament uncommon anywhere, maybe a little less uncommon among major scientists.51 He had a powerful ego and invulnerable egocentricity: but he projected the force of that personality outward, with beneficent intention toward his fellow creatures. In that sense, he had a family resemblance to Einstein on a reduced scale.” Beneficent intention in this instance is a document proposing a new organization: Der Bund—the order, the confederacy, or, more simply, the band.52

The Bund, Szilard writes, would be “a closely knit group of people whose inner bond is pervaded by a religious and scientific spirit”:53

If we possessed a magical spell with which to recognize the “best” individuals of the rising generation at an early age . . . then we would be able to train them to independent thinking, and through education in close association we could create a spiritual leadership class with inner cohesion which would renew itself on its own.54

Members of this class would not be awarded wealth or personal glory. To the contrary, they would be required to take on exceptional responsibilities, “burdens” that might “demonstrate their devotion.” It seemed to Szilard that such a group stood a good chance of influencing public affairs even if it had no formal structure or constitutional position. But there was also the possibility that it might “take over a more direct influence on public affairs as part of the political system, next to government and parliament, or in the place of government and parliament.”55

“The Order,” Szilard wrote at a different time, “was not supposed to be something like a political party . . . but rather it was supposed to represent the state.”56 He saw representative democracy working itself out somehow within the cells of thirty to forty people that would form the mature political structure of the Bund. “Because of the method of selection [and education] . . . there would be a good chance that decisions at the top level would be reached by fair majorities.”

Szilard pursued one version or another of his Bund throughout his life. It appears as late as 1961, by then suitably disguised, in his popular story “The Voice of the Dolphins”: a tankful of dolphins at a “Vienna Institute” begin to impart their compelling wisdom to the world through their keepers and interpreters, who are U.S. and Russian scientists; the narrator slyly implies that the keepers may be the real source of wisdom, exploiting mankind’s fascination with superhuman saviors to save it.57

A wild burst of optimism—or opportunism—energized Szilard in 1930 to organize a group of acquaintances, most of them young physicists, to begin the work of banding together. He was convinced in the mid-1920s that “the parliamentary form of democracy would not have a very long life in Germany” but he “thought that it might survive one or two generations.” Within five years he understood otherwise.58, 59 “I reached the conclusion something would go wrong in Germany . . . in 1930.” Hjalmar Schacht, the president of the German Reichsbank, meeting in Paris that year with a committee of economists called to decide how much Germany could pay in war reparations, announced that Germany could pay none at all unless its former colonies, stripped from it after the war, were returned. “This was such a striking statement to make that it caught my attention, and I concluded that if Hjalmar Schacht believed he could get away with this, things must be rather bad. I was so impressed by this that I wrote a letter to my bank and transferred every single penny I had out of Germany into Switzerland.”60

A far more organized Bund was advancing to power in Germany with another and more primitive program to save the world. That program, set out arrogantly in an autobiographical book—Mein Kampf—would achieve a lengthy and bloody trial. Yet Szilard in the years ahead would lead a drive to assemble a Bund of sorts; submerged from view, working to more urgent and more immediate ends than utopia, that “closely knit group of people” would finally influence world events more enormously even than Nazism.

*   *   *

Sometime during the 1920s, a new field of research caught Szilard’s attention: nuclear physics, the study of the nucleus of the atom, where most of its mass—and therefore its energy—is concentrated. He was familiar with the long record of outstanding work in the general field of radioactivity of the German chemist Otto Hahn and the Austrian physicist Lise Meitner, who made a productive team at the Kaiser Wilhelm Institute for Chemistry. No doubt he was also alert as always to the peculiar tension in the air that signaled the possibility of new developments.

The nuclei of some light atoms could be shattered by bombarding them with atomic particles; that much the great British experimental physicist Ernest Rutherford had already demonstrated. Rutherford used one nucleus to bombard another, but since both nuclei were strongly positively charged, the bombarded nucleus repelled most attacks. Physicists were therefore looking for ways to accelerate particles to greater velocities, to force them past the nucleus’ electrical barrier. Szilard’s design of a cyclotron-like particle accelerator that could serve such a purpose indicates that he was thinking about nuclear physics as early as 1928.

Until 1932 he did no more than think. He had other work and nuclear physics was not yet sufficiently interesting to him. It became compelling in 1932. A discovery in physics opened the field to new possibilities while discoveries Szilard made in literature and utopianism opened his mind to new approaches to world salvation.

On February 27, 1932, in a letter to the British journal Nature, physicist James Chadwick of the Cavendish Laboratory at Cambridge University, Ernest Rutherford’s laboratory, announced the possible existence of a neutron. (He confirmed the neutron’s existence in a longer paper in the Proceedings of the Royal Society four months later, but Szilard would no more have doubted it at the time of Chadwick’s first cautious announcement than did Chadwick himself; like many scientific discoveries, it was obvious once it was demonstrated, and Szilard could repeat the demonstration in Berlin if he chose.61, 62) The neutron, a particle with nearly the same mass as the positively charged proton that until 1932 was the sole certain component of the atomic nucleus, had no electric charge, which meant it could pass through the surrounding electrical barrier and enter into the nucleus. The neutron would open the atomic nucleus to examination. It might even be a way to force the nucleus to give up some of its enormous energy.

Just then, in 1932, Szilard found or took up for the first time that appealing orphan among H. G. Wells’ books that he had failed to discover before: The World Set Free.63 Despite its title, it was not a tract like The Open Conspiracy. It was a prophetic novel, published in 1914, before the beginning of the Great War. Thirty years later Szilard could still summarize The World Set Free in accurate detail. Wells describes, he says:

 . . . the liberation of atomic energy on a large scale for industrial purposes, the development of atomic bombs, and a world war which was apparently fought by an alliance of England, France, and perhaps including America, against Germany and Austria, the powers located in the central part of Europe. He places this war in the year 1956, and in this war the major cities of the world are all destroyed by atomic bombs.64

More personal discoveries emerged from Wells’ visionary novel—ideas that anticipated or echoed Szilard’s utopian plans, responses that may have guided him in the years ahead. Wells writes that his scientist hero, for example, was “oppressed, he was indeed scared, by his sense of the immense consequences of his discovery. He had a vague idea that night that he ought not to publish his results, that they were premature, that some secret association of wise men should take care of his work and hand it on from generation to generation until the world was riper for its practical application.”65

Yet The World Set Free influenced Szilard less than its subject matter might suggest. “This book made a very great impression on me, but I didn’t regard it as anything but fiction. It didn’t start me thinking of whether or not such things could in fact happen. I had not been working in nuclear physics up to that time.”66

By his own account, a different and quieter dialogue changed the direction of Szilard’s work. The friend who had introduced him to H. G. Wells returned in 1932 to the Continent:

I met him again in Berlin and there ensued a memorable conversation. Otto Mandl said that now he really thought he knew what it would take to save mankind from a series of ever-recurring wars that could destroy it. He said that Man has a heroic streak in himself. Man is not satisfied with a happy idyllic life: he has the need to fight and to encounter danger. And he concluded that what mankind must do to save itself is to launch an enterprise aimed at leaving the earth. On this task he thought the energies of mankind could be concentrated and the need for heroism could be satisfied.67 I remember very well my own reaction. I told him that this was somewhat new to me, and that I really didn’t know whether I would agree with him. The only thing I could say was this: that if I came to the conclusion that this was what mankind needed, if I wanted to contribute something to save mankind, then I would probably go into nuclear physics, because only through the liberation of atomic energy could we obtain the means which would enable man not only to leave the earth but to leave the solar system.

Such must have been Szilard’s conclusion; that year he moved to the Harnack House of the Kaiser Wilhelm Institutes—a residence for visiting scientists sponsored by German industry, a faculty club of sorts—and approached Lise Meitner about the possibility of doing experimental work with her in nuclear physics. Thus to save mankind.68

He always lived out of suitcases, in rented rooms. At the Harnack House he kept the keys to his two suitcases at hand and the suitcases packed. “All I had to do was turn the key and leave when things got too bad.” Things got bad enough to delay a decision about working with Meitner. An older Hungarian friend, Szilard remembers—Michael Polanyi, a chemist at the Kaiser Wilhelm Institutes with a family to consider—viewed the German political scene optimistically, like many others in Germany at the time.69, 70 “They all thought that civilized Germans would not stand for anything really rough happening.” Szilard held no such sanguine view, noting that the Germans themselves were paralyzed with cynicism, one of the uglier effects on morals of losing a major war.71

Adolf Hitler was appointed Chancellor of Germany on January 30, 1933. On the night of February 27 a Nazi gang directed by the head of the Berlin SA, Hitler’s private army, set fire to the imposing chambers of the Reichstag. The building was totally destroyed. Hitler blamed the arson on the Communists and bullied a stunned Reichstag into awarding him emergency powers. Szilard found Polanyi still unconvinced after the fire. “He looked at me and said, ‘Do you really mean to say that you think that [Minister] of the Interior [Hermann Göring] had anything to do with this?’ and I said, ‘Yes, this is precisely what I mean.’ He just looked at me with incredulous eyes.” In late March, Jewish judges and lawyers in Prussia and Bavaria were dismissed from practice.72 On the weekend of April 1, Julius Streicher directed a national boycott of Jewish businesses and Jews were beaten in the streets. “I took a train from Berlin to Vienna on a certain date, close to the first of April, 1933,” Szilard writes. “The train was empty. The same train the next day was overcrowded, was stopped at the frontier, the people had to get out, and everybody was interrogated by the Nazis.73 This just goes to show that if you want to succeed in this world you don’t have to be much cleverer than other people, you just have to be one day earlier.”

The Law for the Restoration of the Career Civil Service was promulgated throughout Germany on April 7 and thousands of Jewish scholars and scientists lost their positions in German universities. From England, where he landed in early May, Szilard went furiously to work to help them emigrate and to find jobs for them in England, the United States, Palestine, India, China and points between. If he couldn’t yet save all the world, he could at least save some part of it.

He came up for air in September. By then he was living at the Imperial Hotel in Russell Square, having transferred £1,595 from Zurich to his bank in London.74 More than half the money, £854, he held in trust for his brother Béla; the rest would see him through the year.75 Szilard’s funds came from his patent licenses, refrigeration consulting and Privatdozent fees. He was busy finding jobs for others and couldn’t be bothered to seek one himself. He had few expenses in any case; a week’s lodging and three meals a day at a good London hotel cost about £5.5; he was a bachelor most of his life and his needs were simple.

“I was no longer thinking about this conversation [with Otto Mandl about space travel], or about H. G. Wells’ book either, until I found myself in London about the time of the British Association [meeting].”76 Szilard’s syntax slips here: the crucial word is until. He had been too distracted by events and by rescue work to think creatively about nuclear physics. He had even been considering going into biology, a radical change of field but one that a number of able physicists have managed, in prewar days and since. Such a change is highly significant psychologically and Szilard was to make it in 1946. But in September 1933, a meeting of the British Association for the Advancement of Science, an annual assembly, intervened.

If on Friday, September 1, lounging in the lobby of the Imperial Hotel, Szilard read The Times’ review of The Shape of Things to Come, then he noticed the anonymous critic’s opinion that Wells had “attempted something of the sort on earlier occasions—that rather haphazard work, The World Set Free,’ comes particularly to mind—but never with anything like the same continuous abundance and solidity of detail, or indeed, the power to persuade as to the terrifying probability of some of the more immediate and disastrous developments.” And may have thought again of the atomic bombs of Wells’ earlier work, of Wells’ Open Conspiracy and his own, of Nazi Germany and its able physicists, of ruined cities and general war.77

Without question Szilard read The Times of September 12, with its provocative sequence of headlines:

THE BRITISH ASSOCIATION

[image: line]

BREAKING DOWN
THE ATOM

[image: line]

TRANSFORMATION OF
ELEMENTS

Ernest Rutherford, The Times reported, had recited a history of “the discoveries of the last quarter of a century in atomic transmutation,” including:

THE NEUTRON
NOVEL TRANSFORMATIONS

All of which made Szilard restive. The leading scientists in Great Britain were meeting and he wasn’t there. He was safe, he had money in the bank, but he was only another anonymous Jewish refugee down and out in London, lingering over morning coffee in a hotel lobby, unemployed and unknown.

Then, midway along the second column of The Times’ summary of Rutherford’s speech, he found:

HOPE OF TRANSFORMING ANY ATOM

What, Lord Rutherford asked in conclusion, were the prospects 20 or 30 years ahead?78

High voltages of the order of millions of volts would probably be unnecessary as a means of accelerating the bombarding particles. Transformations might be effected with 30,000 or 70,000 volts. . . . He believed that we should be able to transform all the elements ultimately.

We might in these processes obtain very much more energy than the proton supplied, but on the average we could not expect to obtain energy in this way. It was a very poor and inefficient way of producing energy, and anyone who looked for a source of power in the transformation of the atoms was talking moonshine.

Did Szilard know what “moonshine” meant—“foolish or visionary talk”? Did he have to ask the doorman as he threw down the newspaper and stormed out into the street? “Lord Rutherford was reported to have said that whoever talks about the liberation of atomic energy on an industrial scale is talking moonshine. Pronouncements of experts to the effect that something cannot be done have always irritated me.”

“This sort of set me pondering as I was walking in the streets of London, and I remember that I stopped for a red light at the intersection of Southampton Row. . . .79 I was pondering whether Lord Rutherford might not prove to be wrong.”80

“It occurred to me that neutrons, in contrast to alpha particles, do not ionize [i.e., interact electrically with] the substance through which they pass.81

“Consequently, neutrons need not stop until they hit a nucleus with which they may react.”

Szilard was not the first to realize that the neutron might slip past the positive electrical barrier of the nucleus; that realization had come to other physicists as well. But he was the first
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