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Thirty years ago, when Sierra Club Books published the first edition of Nukespeak, the atomic age had already given humanity a wild, bumpy, and frequently terrifying ride. We had rocketed through idealism, horror, hope, and dread—all in the eight decades spanning Roentgen’s discovery of X-rays, the annihilation of Hiroshima and Nagasaki, and the core meltdown at Pennsylvania’s Three Mile Island Nuclear Generating Station. Things didn’t get any smoother during the next three decades either. The proliferation of nuclear arms gave rise to the threat of nuclear terrorism. And somehow we went from bearing witness to the unprecedented catastrophe of Chernobyl to hearing blithe talk of a “renaissance” for nuclear power.

Then an earthquake and tsunami struck the Fukushima Daiichi nuclear power plant in Japan.

Throughout this turbulent history, which the authors have meticulously chronicled in this book, we human beings have often struggled to see the big picture. Perhaps it’s the sheer enormity of the risks that makes them hard to comprehend. If you’re a parent, as I am, it’s natural to feel responsible for the future we’re leaving for our children—and our children’s children. But who can really grasp what it means to jeopardize the future of more than 6,000 generations (the time it takes for plutonium to decay to a safe level)? Intellectually, we may know that radioactive waste can remain highly dangerous for more than 200,000 years, but do we really understand it in our guts? Humans are ill-equipped to deal with that kind of time scale.

In fact, history has shown that it takes only decades for memories to soften, blurring our perception of nuclear power’s risks. After Chernobyl, a strong majority of Americans opposed the further growth of nuclear power in the U.S.—by roughly 3 to 2. In the twenty-two years between Chernobyl and a poll taken in 2008, opinion shifted to roughly 3 to 2 in favor of building  more nuclear plants.1 The change occurred for various reasons, including, as the authors document, a constant stream of propaganda from the nuclear industry itself, which has always used “Nukespeak” to mask the Faustian bargain behind splitting atoms to, basically, boil water.

Now, in the wake of the staggering tragedy in Japan, opinion in the U.S. (as well as many other countries) has once again shifted toward opposition. For that, at least, we can be thankful. But what’s to stop us from developing nuclear amnesia all over again?

Replacing dirty fossil-fuel energy with low-carbon alternatives is the great challenge of our era. But safe and clean renewable energy sources must lead the way. Nuclear power, though lower carbon than fossil fuels, is neither clean nor safe. We still haven’t come close to solving either the long- or short-term problems of waste storage. Uranium itself is a nonrenewable resource, and mining it has serious environmental consequences.

And, of course, there’s the ever-present specter of the next Chernobyl, Fukushima, or worse. In the sixty years that we have been generating nuclear power, we’ve now seen three significant accidents on three different continents. Can we really bring ourselves to accept that there will be a significant nuclear accident every twenty years?

Even an imperfect glimpse of the big picture should be enough for us to see that those kinds of risks are just not worth it. Not when we have technologies like wind, solar, and geothermal that can deliver energy without the threat of a cataclysm beyond our ability to comprehend.

 

Michael Brune 
Executive Director, Sierra Club






A Note to the Reader

Throughout the text, we have highlighted Nukespeak words and phrases with italics. We have indicated wherever italics within a quotation are due to the author’s original emphasis; in all other cases, we have added the italics. You will also find a special index of Nukespeak terms at the back of this book.






Preface to the 30th Anniversary Edition
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It has been nearly three decades since publication of the original edition of Nukespeak, which we co-wrote with Stephen Hilgartner. As activists and journalists, we had a long-standing interest in issues related to nuclear weapons and nuclear power. But our personal involvement with them stretched as far back as the fallout-shelter days of the 1950s. We very clearly remembered the “duck and cover” nuclear attack drills from elementary school, in which we cowered under our desks wondering if we would survive to become adults. We also shared memories of the dark days of the Cuban missile crisis in 1962 and came to appreciate the existential humor of Stanley Kubrick’s unforgettable film Dr. Strangelove or: How I Learned to Stop Worrying and Love the Bomb.

But the event that inspired us to write Nukespeak was the world’s first catastrophic accident at a large commercial nuclear plant, the partial meltdown at Three Mile Island in March of 1979. Before that accident, nuclear proponents usually claimed that meltdowns were nearly impossible events, virtually unimaginable. The Three Mile Island accident, which began with a sticky valve, proved otherwise. In the end, the plant came within thirty minutes of a full meltdown, and even though the plant operators averted disaster, the reactor vessel was still destroyed and radiation was released into the atmosphere.

Did the nuclear power industry ever learn and act upon the “lessons” of Three Mile Island? While it’s true that much has changed in the nuclear field since 1979, it’s also true that the more things have changed, the more they have remained the same. Nuclear developers worldwide maintain the same culture and ways of thinking, and the same lack of transparency, as they did thirty years ago. The same sloppy mix of public relations and industrydominated regulatory bodies is still a hallmark of the nuclear power industry.

Thus this 30th anniversary edition is inspired by yet another nuclear catastrophe, the partial meltdown of three reactors at Japan’s Fukushima Daiichi plant in March of 2011—the third great nuclear plant accident, following Three Mile Island and the far-worse meltdown at Chernobyl in 1986. This new edition contains the entire text of the 1982 edition of Nukespeak, along with four chapters of fresh material written by two of the three original authors.

In preparing this new edition, we determined that the historical material in the original had more than withstood the test of time. No matter where we looked today, we found striking and alarming continuations of what we had earlier labeled the nuclear mindset. That term characterizes the way in which nuclear developers, whether of nuclear weapons or commercial power, see the world—a world where nothing can go wrong because we are protected by a nuclear priesthood of risk-managing engineers, nuclear deterrence strategists, disciplined military officers, classification specialists, nonproliferation inspectors, and regulatory officials.

In the case of nuclear weapons, the nuclear priesthood would come to place thousands of missiles on hair-trigger alert, leaving us just fifteen minutes away from a global nuclear exchange that could result in the extinction of the human species. These men (and they were almost all men in the early years of the development of nuclear weapons and nuclear power) also promised us power plants that would produce energy too cheap to meter, plants whose designers could foresee everything that could go wrong and then engineer redundant safety systems that would prevent any serious accident.

As we look back over the decades since the Manhattan Project in World War II, the facts tell a very different story. The accidents at Three Mile Island, Chernobyl, and Fukushima remind us again that, in spite of their allegedly redundant defense-in-depth design safety features, nuclear power plants can indeed fail, with extremely costly and deadly consequences. Attempts to correct past errors have led to huge increases in the price tags of new plants, making them so expensive that only massive government subsidies keep the nuclear industry afloat. Meanwhile, the cost of renewable sources of electricity continues to fall, and investments in energy efficiency provide far higher rates of return than those in nuclear plants.

Despite the industry’s dismal history, many leading Democrats, including President Obama, as well as the leaders of the Republican Party, are still  pushing to build nuclear plants by the hundreds in the United States and overseas. Nuclear proponents had taken to calling the pre-Fukushima rush of state-subsidized orders for new plants a nuclear renaissance. They hailed nuclear power as a supposedly “clean and green” means of combating climate change by reducing the need to burn fossil fuels to generate electricity.

Yet amid this renaissance boosterism, the U.S. government and the country’s utilities are still grappling with whether, and for how long, to continue running the country’s 104 aging nuclear plants. And neither government nor industry has a solution to the equally intractable problem of what to do with the thousands of tons of radioactive waste these plants have generated thus far. This dangerous material is now stored on-site, turning every nuclear plant in the country into a de facto high-level radioactive waste dump, and a tempting target for terrorists.

The Fukushima accident has broken down the nuclear mindset in some parts of the world. Although U.S. regulators downplay the potential risks inherent in the 23 reactors of the same design as the plants at Fukushima, officials in other countries have already reacted with radical changes in their energy strategies. In Japan, government regulators shut down other troubled nuclear plants. In 2010, the government had adopted an energy policy that called for renewable energy sources to supply 50% of the country’s electricity by 2030. In late May 2011, Japanese prime minister Naoto Kan instead issued a new plan that calls for renewable sources to supply 20% of the country’s electric power by the early 2020s.

In Germany (the world’s fourth-largest economy), where the government had issued a controversial decision in the fall of 2010 to extend the licenses of the country’s aging nuclear plants, Prime Minister Angela Merkel reversed course after Fukushima. At the end of May 2011 she pledged to shut down all 17 of Germany’s nuclear reactors by 2022. Even the Chinese, who have the most reactors under construction of any country, suspended approval of new nuclear projects to conduct a safety assessment.

An equally striking reassessment of the role of nuclear weapons has also taken place. With the end of the Cold War nuclear face-off, the global public’s fear of a large-scale nuclear war dimmed and then almost disappeared. After the USSR ceased to exist, its successor, Russia, and the United States managed to negotiate substantial reductions in the total number of nuclear weapons in their respective stockpiles.

But as we write these words in 2011, the United States and Russia still maintain thousands of nuclear weapons on hair-trigger alert. Two decades after the end of the Cold War, this dangerous policy places the human species at risk from an accidental missile launch—or just the whim of a Strangelovian madman, somewhere in the command-and-control system, who might take it upon himself to start a thermonuclear war.

The single most powerful phrase in the catechism of the nuclear priesthood has turned out to be President Eisenhower’s immortal Atoms for Peace. In launching this phrase in a speech to the United Nations in late 1953, Eisenhower spoke to a world whose people had already seen pictures of the terrifying devastation of Hiroshima and Nagasaki; who were afraid of the invisible dangers of radioactive fallout from nuclear weapons testing in the atmosphere; and who were well aware that both the USSR and the United States were racing to build hydrogen bombs whose destructive power would dwarf those of the atomic bombs dropped on Japan.

With just one phrase, Eisenhower insinuated into global consciousness the false idea that it was possible to make a meaningful distinction between atoms for war and atoms for peace. Eisenhower’s notion of a peaceful atom is embedded in the heart of the 1970 Nuclear Non-Proliferation Treaty, the international agreement that calls for nuclear weapons states to eliminate their nuclear arsenals while at the same time encouraging those same states to accelerate the spread of the peaceful atom to other nations.

The reality is that nations have been eager to acquire peaceful nuclear power reactors and research reactors, only to use those reactors, and the technical skills their scientists and engineers acquired, to build their own nuclear weapons. India used peaceful technology from Canada and the United States to create what its officials called a peaceful nuclear explosion in 1974. North Korea employed a similar plan in developing its nuclear weapons. Iran has been using the peaceful fig leaf for years to cover up what most other nations agree is a nuclear weapons program.

So in many ways nuclear developers are still following the same path they were on in 1982. But in the midst of this dispiriting and dangerous continuity, there has been one major and unanticipated shift: faced with their failure as policy makers to move the world beyond the hair-trigger-alert policies that have been in place for decades, a group of some of America’s most  resolute Cold Warriors has issued a call for Zero—a world without nuclear weapons.

An experienced, bipartisan cadre of ex–government officials—including former secretaries of state Henry Kissinger and George Shultz, former Senate Armed Services Committee chairman Sam Nunn, and former secretary of defense William Perry—joined forces in 2007 to issue a manifesto in the Wall Street Journal calling for Zero. These self-styled foreign policy realists were explicit about their intent to complete a ban on all nuclear weapons that Ronald Reagan and Mikhail Gorbachev nearly agreed to during a summit meeting in Reykjavík, Iceland, in 1986.

In a major foreign policy speech in Prague in 2009, President Obama endorsed eliminating nuclear weapons from the world. He later credited the authors of the Zero manifesto with inspiring his position. When the original edition of Nukespeak was published back in 1982, no one would ever have imagined that a leading group of American Cold Warriors would one day call for the total elimination of nuclear weapons. If such men can change their minds about nuclear weapons, anyone can.

We therefore remain hopeful that this revised edition will provide readers with the historic foundation they need to create the arguments and political movements necessary to overcome the nuclear mindset. To do so, we must change our language and adopt a more explicit and realistic way of speaking and thinking about nuclear issues—a process necessary to create a safer world free of nuclear weapons and nuclear power plants.

 

Richard C. Bell and Rory O’Connor July 2011






“A change in language can transform our appreciation of the Cosmos.”

Benjamin Lee Whorf






Introduction
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The language we use has important influences on our thinking.

George Orwell wrote passionately about the role of language in shaping political discourse and understanding. In his 1946 essay “Politics and the English Language,” Orwell charged that political language consists mainly of “euphemism, question-begging and sheer cloudy vagueness.” Thus “pacification” is the bombing of defenseless villages; “transfer of population” or “rectification of frontiers” is the robbing of millions of peasants of their farms; “elimination of unreliable elements” is accomplished when “people are imprisoned for years without a trial or shot in the back of the neck or sent to die of scurvy in Arctic lumber camps.”

In the thirty-six years since the atomic bombings of Hiroshima and Nagasaki, a new language has evolved. We call that language Nukespeak. Nukespeak is the language of nuclear development, a term we use to include the development of both nuclear weapons and nuclear power. In Nukespeak, atrocities are rendered invisible by sterile words like megadeaths; nuclear war is called a nuclear exchange. Nuclear weapons accidents are called broken arrows and bent spears. Plutonium is called a potential nuclear explosive. The accident at Three Mile Island was called an event, an incident, an abnormal evolution, a normal aberration, and a plant transient. India called its nuclear bomb a peaceful nuclear device.

Nukespeak is the language of the nuclear mindset—the world view, or system of beliefs—of nuclear developers. The word mindset means what it implies, a mind that is already set. A mindset acts like a filter, sorting information and perceptions, allowing some to be processed and some to be ignored, consciously or unconsciously. Nukespeak encodes the beliefs and assumptions of the nuclear mindset; the language and the mindset continuously reinforce each other.

Euphoric visions of nuclear technologies are an important expression of the nuclear mindset. The discovery of X-rays and radium at the end of the nineteenth century brought forth visions of a technological Garden of Eden. The philosopher’s stone and the elixir of life had been found at last. The discovery of nuclear fission in 1938 unleashed a torrent of similar imagery: nuclear-powered planes and automobiles would whisk us effortlessly around the globe, while unlimited nuclear electricity powered underground cities, farms, and factories.

After World War II and the bombing of Hiroshima and Nagasaki, nuclear developers used information-management techniques—official secrecy and public relations—to promote what one called the “sunny side of the atom.” Once atomic energy was applied for peaceful purposes, a nuclear-powered paradise would be at hand. Electricity “too cheap to meter” would power the new Golden Age. No problem would be too difficult to solve quickly and economically. Reactors would operate safely; the disposal of radioactive waste would be a nonproblem; international safeguards would allow the benefits of the peaceful atom to spread to every nation while preventing the spread of nuclear bombs.

In his novel 1984, Orwell warned about the danger of complete state control over the dissemination of information. The history of nuclear development has been profoundly shaped by the manipulation of information through official secrecy and extensive public-relations campaigns.

Nukespeak and the use of information-management techniques have consistently distorted the debate over nuclear weapons and nuclear power. Time and time again, nuclear developers have confused their hopes with reality, publicly presented their expectations and assumptions as facts, covered up damaging information, harassed and fired scientists who disagreed with established policy, refused to recognize the existence of problems, called their critics mentally ill, generated false or misleading statistics to bolster their assertions, failed to learn from their mistakes, and claimed that there was no choice but to follow their policies.

The nuclear debate is the most important debate in human history. We hope that this book will help readers understand the language, visions, and mindset underlying nuclear development, and that this understanding will contribute to a fruitful redirection of the discussion.






Part I

Nuclear Visions

Our world faces a crisis as yet unperceived by those possessing the power to make great decisions for good or evil. The unleashed power of the atom has changed everything save our modes of thinking, and thus we drift toward unparalleled catastrophe.

Albert Einstein, May 23, 19461



 

Part I reviews how the power of the atom captured people’s imagination during the first half of the twentieth century, inspiring mythic visions of unparalleled prosperity and unprecedented destruction. Chapter 1 looks at the discovery of radioactivity and X-rays and the unchecked enthusiasms they engendered. Chapter 2 describes early utopian visions of nuclear technology, including science fiction writer H. G. Wells’s vision of a world set free from war and want. Chapter 3 turns to the Manhattan Project, the top secret World War II program that created the world’s first nuclear bombs. After the war, people desperately wanted to believe that the destructive force of the atom could be “harnessed” for the good of humanity, and in 1953—barely a year after the United States tested the first hydrogen bomb—President Eisenhower launched Atoms for Peace. The subject of chapter 4, Atoms for Peace was an ambitious government program to build the nuclear power industry, as well as to find peaceful uses for nuclear bombs, such as creating instant harbors. The vision of Atoms for Peace, a key aspect of the nuclear mindset, remains important today (see chapter 24).





Chapter 1

The Elixir of Life

The invisible light of radiation burst onto front pages around the world on January 6, 1896, with the announcement of the discovery of mysterious new rays by the German scientist Wilhelm Conrad Roentgen. Although some scientists called them Roentgen rays, Roentgen himself preferred a different term, X-rays—X standing for unknown. The equipment for producing X-rays was widely available, and scientists rushed to explore the new phenomenon.

The uses of X-rays proliferated so fast that only a month after the discovery was announced in the United States, the New York Times editorialized: “Professor Roentgen’s discovery has been followed by a crop of new words large enough almost to warrant new editions of all the dictionaries. Already it is necessary to puzzle over the meaning of ‘skiagraphy,’ ‘cathodograph’ [both terms for X-ray photographs], and a dozen other terms, some of them freshly minted and the rest employed in wholly unfamiliar significations. . . .”2

Within four months, X-rays had been used to test welds, to locate bullets in gunshot wounds, to set broken bones, to kill diphtheria microbes, to diagnose tuberculosis, pneumonia, and enlarged hearts and spleens, and to treat cancer. X-ray exhibits and demonstrations became popular events at fairs across the country. Thomas Edison, who moved so quickly to explore the new technology that many Americans believed he discovered X-rays, mounted the first major public demonstration in the United States at the exhibition of the National Electric Light Association in New York City in May 1896. Crowds lined up for a chance to “see their bones.”3

By 1898, personal X-rays had become a popular status symbol in New York. The New York Times reported that “there is quite as much difference in the appearance of the hand of a washerwoman and the hand of a fine lady in an X-ray picture as in reality. . . .” The hit of the exhibition season was Dr. W. J. Morton’s full-length portrait of “the X-ray lady,” a “fashionable  woman who had evidently a scientific desire to see her bones.” The portrait was said to be a “fascinating and coquettish” picture, the lady having agreed to be photographed without her stays and corset, the better to satisfy the “longing to have a portrait of well-developed ribs.” Dr. Morton said women were not afraid of X-rays: “After being assured that there is no danger they take the rays without fear.”4

The titillating possibility of using X-rays to see through clothing or to invade the privacy of locked rooms was a familiar theme in popular discussions of X-rays and in cartoons and jokes. Newspapers carried advertisements for “X-ray proof underclothing” for those seeking to protect themselves from X-ray inspection.5 An 1896 photography magazine carried the following poem, which captured this mood:X-actly So!

The Roentgen Rays, the Roentgen Rays, 
What is this craze? 
The town’s ablaze 
With the new phase 
Of X-rays’s ways 
I’m full of daze 
Shock and amaze; 
For nowadays, 
I hear they’ll gaze 
Thro’ cloak and gown—and even stays 
These naughty, naughty Roentgen Rays6





Some of the proposed uses of X-rays exceeded the imagination of even the wittiest of humorists. For example, in 1911, experimenters at the University of Pennsylvania made plans to use X-rays to take a photograph of the human soul. The New York Times consulted Dr. Duncan MacDougall on the question of whether this attempt might succeed. (MacDougall was an expert on the weight of the soul, which he estimated at between ½ and 1½ ounces.) According to MacDougall’s speculation, “at the moment of death the soul substance might become so agitated as to reduce the obstruction that the bone of the skull offers ordinarily to the Roentgen ray and might therefore be shown on the plate as a lighter spot on the dark shadow of the bone.”7

Some people thought that X-rays might be useful for saving energy. In a 1931 speech to the Boston Chamber of Commerce, Dr. Willys R. Whitney, director of research for the General Electric Company, outlined experiments he had conducted on staying warm with X-rays. According to Whitney, “It might be useless to heat our houses, with all their contents, including the air, if we would get along by internally heating ourselves [with X-rays].”8

Whitney’s proposal was based on observations that men’s blood temperature had been seen to rise in proximity to X-ray apparatus, and that fruit flies had been revived from seeming hibernation or death in frigid containers by the application of X-rays.

Whitney reported that he and his associates had conducted an experiment on an X-ray-heated rat cage. The rats were enclosed in a long icecooled glass box; at one end, the rats could warm themselves in an X-ray field. The rats clearly preferred the field end, and every day the experimenters increased the intensity of the field.

The experiment came to an abrupt end, Dr. Whitney said: “No one knows how far we might have gone, but one day one of the rats came hurriedly out of his warm bed, leaving his tail in the cotton. The tail proved to be entirely dried out. The rat was unhurt except in appearance, and ate out of my hand at once.”9

X-rays were not the only new force announced in 1896. Later that year, the French scientist Henri Becquerel found other mysterious rays coming from uranium ores, though they were much weaker than X-rays. Following up on Becquerel’s discovery, Pierre and Marie Curie announced their discovery of a new chemical element, radium, which gave off a variety of intense rays. This new phenomenon was called radioactivity. Today we know that the Curies were witnessing the spontaneous disintegration of atomic nuclei, which were giving off alpha and beta particles and gamma rays.

Sir William Ramsay, one of the leading experts in the new field of radioactive substances, thought there were no limits to what radium might mean to the world. He wrote that the “philosopher’s stone will have been discovered, and it is not beyond the bounds of possibility that it may lead to that other goal of the philosophers of the Dark Age—the elixir vitae.”10

Frederick Soddy was also enraptured by the properties of radium. Soddy, a popular author and public lecturer, was one of the pioneers in the physics and chemistry of radioactive substances, winning the Nobel Prize for  Chemistry in 1921. In his widely read book, The Interpretation of Radium and the Structure of the Atom, Soddy wrote about the radioactive properties of radium:There is something sublime about its aloofness from and its indifference to its external environment. It seems to claim lineage with the worlds beyond us, fed with the same inexhaustible fires, urged by the same uncontrollable mechanism which keeps the great suns alight in the heavens over endless periods of time.11





The luminous properties of radium soon produced a full-fledged radium craze. A famous woman dancer performed radium dances using veils dipped in fluorescent salts containing radium. According to one recent history of radioactivity in America during this period, radium roulette was popular at New York casinos, featuring a “roulette wheel . . . washed with a radium solution, such that it glowed brightly in the darkness . . . an unseen hand cast the ball on the turning wheel and sparks marked its course as it bounded from pocket to glimmery pocket.”12 A patent was issued for a process for making women’s gowns luminous with radium, and Broadway producer Florenz Ziegfeld snapped up the rights for his stage extravaganzas. 13

Dr. W. J. Morton, the successful promoter of “the X-ray lady,” was also an enthusiastic booster of the medicinal use of radium to produce what he called “Liquid Sunshine.” Doctors had already been using external exposure to visible light to treat various skin diseases. Morton showed that solutions of certain substances, such as an extract made from the inner skin of the horse chestnut, would fluoresce—or give off light—when exposed to radium. He argued that if such a solution were taken internally, and then a radium source were placed next to the skin, the rays would produce beneficial fluorescence within the body, healing diseased organs.

Dr. Morton introduced Liquid Sunshine at a January 1904 meeting of the Technology Club, the New York City alumni association of the Massachusetts Institute of Technology. He claimed that with Liquid Sunshine, “it will be possible to bathe a patient’s entire interior in violet or ultraviolet light . . . and this light we have decided to call ‘sunshine.’ We know of the value of sunshine on the outside . . . and we believe it will have a similar effect on the inside.”14

At their annual meeting in February 1904, the Technology Club showed its enthusiasm for Dr. Morton’s new proposal by mounting a “Liquid Sunshine Dinner.” Everyone was equipped with a small glass of the fluorescent Liquid Sunshine. When the lights were dimmed for viewing the glowing cocktails in all their splendor, the entertainment chairman appearedwith a phosphorescent cigar in his mouth which looked like a gigantic icicle . . . human skeletons, covered in luminous paint emerged . . . and proceeded to dance. Minute balloons, similarly treated, . . . floated here and there.... Two pasteboard chickens decorated with the paint were shown fighting over an egg. . . .15





At the climax of this ghostly dinner, the guests toasted “Tech’s welfare and future” by downing their Liquid Sunshine “amid great applause and enthusiasm.” 16 The New York Times reported that “[n]one of the self-sacrificing scientists who drank the liquid became transparent afterwards, although all were assured that, as a matter of fact, their interiors were thoroughly illuminated. . . .”17 The MIT alumni bulletin reported that after this rousing toast, “every fellow went home feeling that the long-wished-for ‘Tech Spirit’ was at last awakened in New York City.”18 (Not all doctors were as impressed as the Technology Club by Dr. Morton’s Liquid Sunshine. Some physicians said that a more appropriate name would be “liquid moonshine.”)19




Radium and X-rays: Miracle Cures 

There was a widespread belief that low doses of radium were beneficial, stimulating the life processes. This hypothesis was supported by the discovery that radon, a radioactive element produced by the decay of radium, was present in the air and water at many hot springs and spas. Might this radioactivity explain why a hot spring could be healing, while a hot bath at home was not?

The belief in the life-giving properties of low doses went far beyond such crude analogies. Professor John Burke of the world-famous Cavendish Laboratories at Cambridge University thought he had produced a new form of life, which he called “radiobes,” by sealing up a radium source in tubes of sterilized bouillon.20 And Doctor H. H. Rusby, dean of the Columbia University College of Pharmacy and federal pharmacologist for the Port of  New York, claimed that his experimental studies showed that radium was a wonderful fertilizer. Not only were crop yields raised, reported Rusby, but the vegetables tasted better as well, “a matter of special comment by all who tried them.” As far as costs to farmers were concerned, Rusby said that the increased market value of even the first year’s crops would more than pay for the radioactive fertilizer. 21

Some of the most outlandish claims for the utility of radium as a lifeenhancing force came from the medical community, a reflection in part of the turn-of-the-century physician’s limited armamentarium, especially for the treatment of cancer. Radium appeared to be the magic bullet that could replace the crude and bloody interventions of the surgeon against cancer. Dr. Howard A. Kelly, one of the most prominent promoters of radium, wrote in 1913: “Radium is destined to produce a change in surgical and medical work not less marked than the introduction of the Roentgen ray, perhaps even more decided. Radium in surgery will definitely cure many forms of cancer. . . .”22 Another radium enthusiast found in 1916 that the physiological action of radium wasnot unlike a fairy tale. It often increases the red blood count.... It stimulates all cell life, particularly that of the enzymes thus aiding and improving metabolism. It increases the elimination of carbon dioxide, urea, and uric acid.... It stimulates and increases the appetite, and aids digestion by activating the digestive ferments.... It lowers blood pressure almost so surely as you administer it.... No toxic or lasting ill effects have been reported.23





The medical profession was particularly enthusiastic in its use of radium and X-rays on women, to treat both cancer and a host of non-life-threatening ailments. According to Radiologic Maxims, a pithy little 1932 book approved by leading medical professors, “Radium therapy in gynecology is essentially the handmaiden of the surgeon.”24

Radiation was thought to be useful in inducing menopause artificially. “The menopause brought on by X-ray or radium treatment is less stormy than that produced by castration.”25 “The only constant symptom of the radiotherapeutic menopause is the so-called ‘hotflash.’”26 Radiation was also said to be helpful to women having trouble with their natural menopause. “Most brilliant and satisfactory results are frequently obtained by radiation  therapy in the treatment of women undergoing the stress and storms of the menopause, with mental, nervous, and physical breakdowns.”27

Radiation was also thought useful for regulating menstrual functions. Dr. Thomas H. Cherry, professor of gynecology at the New York Post-Graduate Medical School and Hospital and author of Gynecologic Technic, told readers of Radiologic Maxims that women with menorrhagia (excessive menstrual flow) could be treated by inserting tubes containing radium through the vagina into the uterus. He claimed this procedure would not damage the ovaries, and that some patients might miss a few periods before they “gradually assume a reduced and more normal flow.”28

Lest physicians be worried about effects on the sex lives of women treated with radiation, the Maxims noted that “when menstruation is arrested by X-ray or radium, sexual desire and response are lessened or lost in only about twenty per cent of cases.”29

We should note that these promoters of the use of X-rays and radium whom we have quoted were not radiomaniacs or radiografters, to use terms employed at a 1908 meeting of the American Roentgen Ray Society to describe men who were even more extravagant users of X-rays.30 The men we have mentioned were among the foremost physicians, physicists, biologists, and chemists of their time, holding high-ranking medical-school and research positions: they were undisputed experts.

Even while the unrestrained use of X-rays and radium was growing, evidence was accumulating that the new forces might not be so benign after all. Hailed as tools for fighting cancer, they could also cause cancer. Doctors using X-rays were the first to learn this bitter lesson. By 1905, newspaper stories about the latest “martyr” to science were appearing with grisly regularity, as yet another X-ray experimenter died or suffered amputations to stave off X-ray-induced cancer. Much of this disease was brought on by physicians using their hands to calibrate X-ray equipment. X-ray tubes in the early years were highly variable in output, and physicians often used the density of the shadows cast by their hands on the fluoroscope screen to estimate the output of a tube. They also used their hands to demonstrate the apparatus to skeptical or fearful patients.31

The suffering of these early experimenters from burns or X-ray dermatitis or X-ray eczema was immense. As Dr. John Hall Edwards said, “I have not experienced a moment’s freedom from pain for two years. In cold weather I  am unable to dress myself, and the pain experienced cannot be expressed in words. Drugs have so far failed to give me the slightest relief.... The pain is of a neuralgic character, it never ceases and is from time to time intensified by sudden stabs and jumps of such severity as to make one cry out.”32

In retrospect, it is easy to see that most of these deaths could have been avoided, if users had heeded the early warning signs. It was, after all, quickly apparent that these new forces had a marked impact on living tissue. Reports of painful and prolonged irritation of the skin began to appear in the scientific literature within months of Roentgen’s announcement. Nor was this information buried in obscure medical journals. In a July 31, 1897, editorial, the New York Times warned of “Roentgen Ray Dangers”: “Cases of severe burns are many and notorious.... Its destructive action has been discussed by high electrical authorities and the press has published their views. Everybody ought to know by this time that the Roentgen ray apparatus . . . is liable to produce serious injury. . . .”33

But safety costs money, and there were no regulatory agencies around to insist that manufacturers offer safer equipment, or even to provide a forum in which the claims of those who said there was no danger could be questioned. William Rollins, an experimenter who recognized the dangers of X-rays (which he called X-light) as early as 1898, built and wrote about equipment that would reduce the risk. But in 1903, Rollins observed that his ideas had not been widely adopted:Most of these precautions are neglected even at the present time, as may be seen by examining the illustrations in the catalogues of makers of apparatus, and in the papers and books of those who are writing on the subject, where open [unshielded] tubes are almost invariably figured.... That inefficient means are still employed . . . is partly due to attempts to ignore or disparage the crucial experiments that have been reported in other notes on the effects of X-light on animals. . . .34





Equipment manufacturers were not alone in playing down the dangers of X-rays. Dr. Mihran Kassabian, one of the foremost practitioners of the new science in the United States, did not even want physicians to use the term burns to describe the skin changes caused by overexposure to X-rays. (The technique of eliminating objectionable words is characteristic of Nukespeak.) According to the American Roentgen Ray Society historian  Percy Brown, “Kassabian was worried that if ‘burns’ came to be associated, in the popular mind, with the medical use of the Roentgen rays, the progress of a new science might be definitely inhibited at a crucial period in its development.”35




The Radium Dial Women 

The case of the radium dial women is a classic example of the problems that radiation victims encounter in trying to prove that radiation exposure has damaged their health. In 1925, front-page stories appeared alleging that a group of former employees at an East Orange, New Jersey, plant of the United States Radium Corporation were dying from “radium poisoning.” The women had all painted numbers on watches using a radioluminescent paint called Undark, which contained radium. In applying the paint, the women had used their lips to point their brushes, thus swallowing quantities of radium every day for several years. The case culminated in a lawsuit for damages in 1928.36

The women had all been forced to leave work by a variety of afflictions, which were initially diagnosed as mouth sepsis, anemia, necrosis of the jaw, syphilis, and Vincent’s angina. It was well established by the mid-1920s that external sources of radiation—sources outside the body, like X-rays—could cause burns and cancer. It was not well understood that people could also be exposed to radiation from radioactive materials incorporated into the body. Once inside the body, radioactive materials function as internal emitters, bombarding nearby tissues with an ongoing dose of radiation. In contrast, exposure from external sources ceases as soon as the person and the radiation source are separated. The failure to distinguish between internal and external exposure remains one of the most common misunderstandings in public discussions of the effects of radiation (see chapter 7).

Radium was first identified as a potentially dangerous internal emitter by a New York dentist, who said that one of his patients who had worked at the radium plant was suffering from what he called “radium jaw. ”37 This report interested an insurance company statistician, Dr. Fredrick L. Hoffman, who then gathered statistics on workers in Orange and other places who had died of “anemia.” On the basis of this epidemiological work, Hoffman concluded that the unusual number of cases of “anemia” among U.S.  Radium’s employees was due to radium ingestion from tipping the brushes. He renamed the disease radium necrosis.38

The Orange County medical examiner soon found that radium, which is chemically similar to calcium, is selectively concentrated in the bones. Radioactive elements with this property are now called bone-seekers. Since blood is formed in the bone tissues, the radium caused various bone diseases and bone cancers, and damaged the blood-forming tissues as well, producing the “anemias.”

The company denied that radium was responsible for the women’s illnesses, laying out many of the lines of defense that nuclear developers have been using ever since in cases of possible radiation-induced disease. U.S. Radium first cited the small quantities involved, referring to the then generally accepted belief that small amounts of radium were stimulating. “Only in its intensive form is radium destructive.... In infinitesimal quantities it is commonly prescribed and is frequently given internally.” If radium “exerted any effect at all,” the company argued, it would be “a beneficial and not a baneful effect.”39

The company also tried to blame the victims, claiming that the women had disobeyed instructions when they used their lips to point the brushes. In court, however, the former president of U.S. Radium demolished this defense, testifying that he did not warn the women of any danger involved in handling the paint.40

U.S. Radium also said that it had hired many women who were “unfit” for strenuous labor and were “already in comparatively poor health.” Therefore the women were mistaken in blaming Undark when they “declined normally.”41

Finally, the company suggested that the women’s problems were psychological, not physical. “Radium, because of the mystery which surrounds much of its actions, is a topic which stimulates the imagination, and to our mind, it is to this and not to actual fact that many of the reports of the luminous paint’s effects in our plant may be attributed.”42

As the women’s suit against U.S. Radium moved toward trial, an argument arose over the statute of limitations, which was two years. The company argued that even if radium had caused the afflictions, the company was not liable because the statute of limitations had expired. It is now well established that a considerable period of time—the latency period—may  elapse between an exposure to radiation and the subsequent appearance of a disease such as cancer. Latency periods may be twenty years or longer, making it difficult in many cases to establish a cause-and-effect relationship between a cancer and previous radiation exposure.

In the case of the radium dial women, the judge ruled that since the women’s bones still contained detectable concentrations of radium, “the statute of limitations does not apply until the period of injury ends, and these girls are still being injured.”43

U.S. Radium settled out of court a few days before the official opening of the trial. The settlement included $10,000 cash for each woman, a $6,000-per-year pension, medical treatment, and the payment of lawyers’ fees.44 Nominal sums were paid to the women’s husbands for the “loss of their wives’ services.”45 The company said it agreed to the settlement because of “humanitarian considerations,” refusing to admit, despite settling out of court, that radium was the culprit.46






Chapter 2

The World Set Free

After the discovery of radioactivity, scientists quickly realized that there were much more powerful forces than radioactivity waiting to be freed from the atom. Could humanity learn to release these forces? If these forces were released, could society learn to control them? And, if so, at what cost? In his 1909 book The Interpretation of Radium and the Structure of the Atom, Frederick Soddy predicted that scientists would eventually release vast amounts of energy from uranium. In a comparison remarkably similar to those made by nuclear promoters decades later, Soddy claimed that “the energy in a ton of uranium would be sufficient to light London for a year. The store of energy in uranium would be worth a thousand times as much as the uranium itself, if only it were under our control and could be harnessed to do the world’s work in the same way as the energy in coal has been harnessed and controlled.”1

At the time the possibility of harnessing uranium seemed remote, but Soddy was convinced that the day would eventually arrive:Looking backwards at the great things science has already accomplished, and at the steady growth in power and fruitfulness of scientific method, it can scarcely be doubted that one day we shall come to break down and build up elements in the laboratory as we now break down and build up compounds, and the pulses of the world will then throb with a new source of strength as immeasurably removed from any we at present control as they in turn are from the natural resources of the human savage.2





Soddy’s book had a powerful impact on the well-known writer H. G. Wells. Wells realized, unlike Soddy, that the power of the atom might be used for evil as well as for good. In 1914, Wells published The World Set Free, an astoundingly prescient novel about the possible dangers and benefits that  releasing atomic energy could produce. Wells dedicated the book to Soddy’s Interpretation of Radium.3

Wells predicted that in the 1930s, scientists would release atomic energy, and that by the 1950s, this knowledge, in the form of what he called “atomic bombs,” would lead to a devastating worldwide nuclear war. This “last war” would leave hundreds of the world’s cities in ruins. In The World Set Free, the exploding atomic bombs produce “puffs of luminous radioactive vapour drifting sometimes scores of miles from the bomb center and killing and scorching all they overtook.”4 The bombings set up firestorms like those at Hiroshima and Nagasaki. Victims of these attacks suffer from radiation burns that are “very difficult to heal.”

In his novel, Wells poses the question: why were people blind to the danger of atomic energy? A fictional historian describes the period before the war as one that “believed in established words and was invincibly blind to the obvious in things.” The narrator continues:Certainly it seems now that nothing could have been more obvious to the people of the earlier twentieth century than the rapidity with which war was becoming impossible. And as certainly they did not see it. They did not see it until the atomic bombs burst in their fumbling hands. Yet the broad facts must have glared upon any intelligent mind. All through the nineteenth and twentieth centuries the amount of energy that men were able to command was continually increasing. Applied to warfare that meant that the power to inflict a blow, the power to destroy, was continually increasing. There was no increase whatever in the ability to escape.5





Wells understood the moral dilemmas and the guilt that scientists working on atomic physics would face. The fictional scientist Holsten, on the day after achieving the atomic breakthrough, walks disconsolately through London, feeling that he is “something strange and inhuman, a loose wanderer from the flock returning with evil gifts from his sustained unnatural excursions amidst the darknesses and phosphorescences beneath the fair surfaces of life.”6

Is it possible for a scientist to hide his discoveries in order to protect the world? Holsten briefly considers not publishing his work, handing it over instead to “some secret association of wise men” who would protect it “until the world was riper for its practical application.”7 But scientific secrets are hard to keep, since the general principles on which new discoveries are  based are widely known. In the end, Holsten decides to release his discovery, believing that even if he were to burn his papers, “before a score of years had passed some other man would be doing this. . . .”8

Holsten’s discovery leads to atomic bombs and war. Can any good come from such an overwhelming demonstration of the danger of atomic energy? Wells takes a position similar to that taken by many people after Hiroshima and Nagasaki: here at last is a weapon so destructive that the peoples of the world will finally set up an international government to control atomic energy and outlaw war. The first step toward peace is to round up every atom of the fictional explosive element “Carolinum.”9 Then atomic energy can be used to create an age of peace and prosperity over the entire planet:Men spread now, with the whole power of the race to aid them, into every available region of the earth. Their cities are no longer tethered to running water and the proximity of cultivation, their plans are no longer affected by strategic considerations or thoughts of social insecurity. The aeroplane and the nearly costless mobile car have abolished trade routes.... [Their cities] lie out in the former deserts, these long wasted sunbaths of the race, they tower amidst eternal snows, they hide in remote islands and bask on broad lagoons.... Every year the work of our scientific laboratories increases the productivity and simplifies the labour of those who work upon the soil, and the food now of the whole world is produced by less than one per cent of its population, a percentage which still tends to decrease.10





The World Set Free had a profound effect on Leo Szilard, a Hungarianborn physicist who played a pivotal role in the creation of the Manhattan Project, the atom-bomb-building program undertaken by the United States during World War II. Like Wells’s fictional scientist Holsten, Szilard made the conceptual breakthrough that would eventually lead to nuclear weapons. And like Holsten, Szilard immediately thought of trying to keep his discovery secret.

From 1923 to 1933, Szilard lived in Berlin, dividing his time between the Kaiser Wilhelm Institute and the University of Berlin. He was closely associated with Albert Einstein at the University of Berlin, and the two men shared seven German patents on pumps and refrigeration systems, including a noiseless household refrigerator that used a liquid metal pumping system. Szilard first read The World Set Free in 1932, while he was still in Berlin.11

Szilard fled from the Nazis in 1933, after the Reichstag fire and Hitler’s rise to power. He went to England and continued to study physics. His dangerous discovery was made in reaction to a speech he read given by Nobel Prize–winning physicist Ernest Rutherford. At a meeting of the British Association for the Advancement of Science in September 1933, Rutherford warned those looking to liberate atomic energy that their expectations were “the merest moonshine.”12 This categorical denial engaged Szilard’s imagination ; as he said later, “Pronouncements of experts to the effect that something cannot be done have always irritated me.”13

Szilard kept up with the latest work in nuclear physics, and he was familiar with James Chadwick’s discovery of the neutron in 1932. Neutrons are electrically neutral particles that, together with positively charged protons, make up the nuclei of all atoms except normal hydrogen atoms, which have a single proton for a nucleus. Neutrons and protons are about the same size, and both are about 1,800 times larger than the negatively charged electrons that orbit the nucleus.

In a sense, the nuclear arms race began in 1933 in Szilard’s mind as he stood at a London stoplight the day after reading Rutherford’s warning. Szilard suddenly realized that neutrons might provide the physical key for releasing atomic energy:If we could find an element which is split by neutrons and which would emit two neutrons when it absorbed one neutron [original emphasis], such an element, if assembled in sufficiently large mass, could sustain a nuclear chain reaction.... In certain circumstances it might become possible to set up a nuclear chain reaction, liberate energy on an industrial scale, and construct atomic bombs. The thought that this might be in fact possible became a sort of obsession with me.14





Szilard’s obsession grew into a British patent application in the spring of 1934, which included the concept of a nuclear chain reaction using neutrons. In the application, Szilard mentioned that uranium and thorium might sustain chain reactions, a guess which proved to be true. He also discussed the concept of critical mass. Szilard showed theoretically that, assuming that the proper element had been found, there was a minimum amount of that element, the critical mass, which would be necessary to sustain a chain reaction.15

Szilard was alarmed by his own ideas: “Knowing what this would mean—and I knew it because I had read H. G. Wells—I did not want this patent to become public.”16 His biggest fear was that if he were right, the Nazis might use his idea to build atomic bombs and conquer the world.

In order to keep the patent secret, Szilard arranged to assign it to the British Admiralty Office, after the British War Department had turned down his request, saying that “there appears to be no reason to keep the specification secret so far as the War Department is concerned.”17

In a letter to the Admiralty, Szilard explained why he was following this unusual course:The object of this Patent has nothing to do with instruments of war, but it contains information which could be used in the construction of explosive bodies based on processes described in the Specification. Such explosive bodies would be very many thousand times more powerful than ordinary bombs, and in view of the disasters which could be caused by their use on the part of certain Powers which might attack this country, it appears very undesirable that such information should be published through the medium of this Patent.18





Szilard’s action slowed the spread of information that might have led Nazi scientists toward the chain-reaction concept and atomic bombs. But Szilard also knew, as Wells had put it, that “other men would be doing this” within a few years. His only hope, as he wrote the Admiralty, was that Britain would get there first: “information will leak out sooner or later. It is in the very nature of this invention that it cannot be kept secret for a very long time, and my only concern is that the processes should be developed in this country a few years ahead of certain other countries.”19

Szilard did not oppose further work on the chain-reaction concept. If non-Nazi scientists ceased such work, then the Nazis might discover the atomic bomb first. But he explained his concerns privately to other scientists, suggesting that they stop publishing work bearing on the possibility of chain reactions in the open literature.20 In 1935, he suggested setting up a private system of circulating research papers on “the dangerous zone.” Such work would be kept out of the public journals, and only a select list of scientists in the United States, Great Britain, and “one or two other countries” would receive the private manuscripts.21 Szilard’s suggestion was a deep affront to  the scientific tradition of free and open publication, however, and he found almost no support for censoring work that might lead to a chain reaction.

Szilard renewed his campaign in late 1938, spurred on by the dramatic announcement by Otto Hahn and Fritz Strassman that bombarding uranium with neutrons had resulted in the splitting, or fissioning, of the uranium atom into lighter elements. This process released large quantities of energy. Szilard guessed immediately that the fissioning of uranium would release additional neutrons, perhaps enough to sustain a chain reaction. He again was reminded of The World Set Free : “All the things which H. G. Wells predicted appeared suddenly real to me.”22

By this time Szilard had emigrated to the United States. He secured the reluctant cooperation of physicists in the United States and Great Britain to censor their work. They agreed to submit papers to scientific journals accompanied by letters asking that the papers be withheld from publication until further notice. This arrangement soon collapsed when Fredéric Joliot in France refused to cooperate, claiming that crucial information had already appeared in the American press.23 Even after Joliot’s refusal, Szilard argued for self-censorship, until finally he was warned that further agitation might cost him his research privileges at Columbia University.24 During 1939, there were about 100 papers published on fission.25

It was not until the spring of 1940 that Szilard finally forced the U.S. government to set up a secrecy system for reviewing papers on uranium research. He sent a paper to Physical Review on the construction of a chainreacting system composed of graphite and uranium, the same type of system that was used two years later to achieve the world’s first chain reaction. (The paper began, “As early as 1913 H. G. Wells forecast the discovery of induced radioactivity for the year 1933 and described the subsequent advent of nuclear transmutations on an industrial scale. . . .”)26 Szilard asked the editor to withhold publication, and then threatened to publish the paper unless the government acted. A letter written at Szilard’s request by Albert Einstein discreetly conveyed this threat directly to President Roosevelt.27 As a result, official censorship was established, and a system of secrecy was instituted that has become a principal characteristic of nuclear development, overriding the system of free and open publication in science which prevailed before the war began. (Szilard’s February 1940 article was not even widely circulated during the Manhattan Project to other scientists, due to security  rules. The authorities first refused and then delayed its declassification until December 1946, and the paper was not finally published until 1972.)28

While Szilard struggled for voluntary censorship, news of the discovery of fission found its way into print. One of the early accounts appeared in the New York Times on February 25, 1939, written by William L. Laurence. Laurence was hired by the Manhattan Project in 1945, and was the only journalist to witness the first atomic explosion in New Mexico in July 1945. He was also the only reporter to witness the bombing of Nagasaki (from an observer plane), and became one of the world’s best-known interpreters of atomic energy after World War II.

On February 24, 1939, Laurence attended an informal session of the annual convention of the American Physical Society at which Neils Bohr and Enrico Fermi described the splitting of the uranium atom. In a book written after the war, Laurence described his reaction to the idea of a chain reaction: “I remember saying to myself, ‘This is the Second Coming of Prometheus, unbound at last after some half a million years, bringing down a fire from the original flame that had lighted the stars from the beginning.’”29

Laurence then wondered whether the Nazis might use the energy from a chain reaction to create powerful new weapons. After the meeting he asked Bohr and Fermi about the likelihood that fission could be used to make weapons. Fermi insisted that such a development was twenty-five to fifty years off, if it proved possible at all.30

In his news story the following day, Laurence hailed the fantastic promise of the new discoveries in language that echoed the language of the radium craze. He reported that Bohr and Fermi had announced thecreation of a half dozen of the heavier elements out of uranium, accompanied by the release of tremendous quantities of energy....

The work on the newest “fountain of atomic energy” is going feverishly in many laboratories both here and in Europe.... It constitutes the biggest “big game hunt” in modern physics . . . marking the most important step yet made by science toward the transmutation of the elements and the utilization of the vast stores of energy locked up within the nuclei of atoms.

The new method for the release of atomic energy and the transmutation of the elements is regarded as the nearest approach yet to be made to the finding of a modern version of the “Philosopher’s Stone” of the alchemists.31





A few months later, however, the destructive potential of this alchemy was noted in a Times story on the spring meeting of the American Physical Society. Bohr declared that bombarding a small amount of the isotope U-235 with neutrons of the right energy levels could start a “chain reaction” or atomic explosion sufficient to blow up a laboratory and the surrounding country for many miles.32 (In nature, the element uranium occurs in three different isotopes. Isotopes of an element have the same number of protons, but different numbers of neutrons in the atomic nucleus. Isotopes are chemically identical, but have different physical properties and atomic weights. About 99.3% of naturally occurring uranium is U-238, 0.7% is U-235, and 0.004% is U-234.)

The Times article went on to explain that the major obstacle to setting up a chain reaction was finding a way to separate the U-235 from the more common U-238. Dr. L. Onsager of Yale claimed that such separation was possible. Other physicists responded that the cost would be prohibitive. The article concluded that “if Dr. Onsager’s process of separation should work, the creation of a nuclear explosion which would wreck an area as large as New York City would be comparatively easy.”33

For the most part, however, media accounts were full of mythic imagery of the coming Golden Age. In 1940 Collier’s published a stunning portrait of the uranium-powered world we would be living in once the war was over. The author, R. M. Langer, was a physicist at the California Institute of Technology, which gave his predictions an extra patina of credibility. Langer predicted that we would soon be living in quiet underground homes using “energy so cheap it isn’t worth making a charge for it.”34 Agriculture would also be carried on underground, and the surface of the earth given over to parks and wilderness. We would roam the largely roadless landscape in uranium-powered autos equipped with living rooms and giant soft tires to spare the countryside. Everyone would own atom-powered airplanes that could hover like helicopters, soar 50 miles above the earth, and streak from place to place at thousands of miles per hour.35

This vision was not, Langer cautioned,a promise of Utopia centuries away. It is a statement of facts that will profoundly change for the better the daily lives of you and yours.36





There would be:unparalleled richness and opportunities for all. Privilege and class distinctions and the other sources of social uneasiness and bitterness will become relics because things that make up the good life will be so abundant and inexpensive. War itself will become obsolete because of the disappearance of those economic stresses that immemorially have caused it. Industrious, powerful nations and clever, aggressive races can win at peace far more than could ever be won at war.37





And lest the reader demur that this vision might be excessive, Langer insisted:This is not visionary. The foundations of the happy era have already been laid. The driving force is within our grasp. Reality is about to be handed from the scientists in their laboratories to the engineers in their factories for application to your daily life. It is a new form of power—atomic power.38





There were two problems in this atomic Utopia: boredom and atomic weapons. Everyone would have “access to everything produced anywhere in the world.... But it is harder than ever to provide something interesting, new, unexpected, colorful. . . . They have everything and still they must keep on their toes.”39

Langer knew that uranium could be destructive. “In the hands of eccentrics and criminals who might be capable of using U-235 for destructive purposes, a weapon of extraordinary power will be available.”40 As a result, citizens of the future would have to be “educated better than they are now with respect to their social responsibilities. Certain kinds of abnormalities, ordinarily considered lightly, will have to be overcome or their possessors destroyed.”41 And while Langer predicted the production of uranium “at a rate of ten thousand tons a year,” he also noted that because of the weapons problem, “society will have to keep track of all the Uranium produced and refined and take action against any individual who tries to accumulate a dangerous supply.”42 (This “keeping track” process has since become known as nuclear safeguards; see part VI.)

The articles on atomic power published before wartime censorship began sometimes contained information that would be helpful to anyone planning an atomic weapons program. In June 1940, Harper’s published an  article by John J. O’Neill (“Enter Atomic Power”) that made it clear that one route to an atomic bomb involved the difficult engineering task of separating a rare isotope of uranium, U-235, from the more plentiful U-238. Since isotopes are chemically identical, separating the U-235 from the U-238 would involve taking advantage of the slight difference in weight between the two isotopes.

O’Neill described the first experimental separation of the isotopes as the “ ‘Open Sesame’ to Nature’s treasure chest of atomic energy.”43 O’Neill admitted that U-235 could be used to make a very powerful weapon, but felt that it was “unthinkable that we should fail to use constructively this new discovery of a way to release atomic energy.”44

One of the last articles to appear before censorship began was written by William L. Laurence and appeared in the September 7, 1940, issue of the Saturday Evening Post. Laurence hailed the “new substance, a veritable Prometheus bringing to man a new form of Olympic fire,”45 while casually noting that one pound of the new substance would have the explosive power of 15,000 tons of TNT.46 He compared the atomic researchers to “many an explorer before them, among whom Columbus is the best example,”47 coming unexpectedly upon “a miraculous new continent of matter, as rich and wonderful in its way as the Americas proved to be years after their discovery,” 48 “the Promised Land of Atomic Energy.”49

Later in the article the researchers were suddenly transformed into “Little David . . . cracking nature’s Goliath in two and forcing him to give up an enormous amount of his strength.”50 This strength, Laurence believed, was such that “a breath of air would operate a powerful airplane continuously for a year, a handful of snow would heat a large apartment house for a year, . . . and a cup of water would supply the power of a great generating station of 100,000 kilowatt capacity for a year.”51

Laurence’s article contained large amounts of specific information about the still dimly understood atomic processes. He accurately described the use of neutrons to penetrate the nucleus and the difficult problem of isotope separation of U-235. Laurence also expressed the fear that the Nazis, with their “totalitarian economy,”52 would have an easier time mounting the massive technical effort needed to separate isotopes. Curiously, he too concluded that despite the awesome explosive potential of the new substance, it “would not likely be wasted on explosives.”53






Chapter 3

The Battle of the Laboratories

It took 495 words to start the Manhattan Project. That was the length of a letter that Leo Szilard persuaded Albert Einstein to send to President Roosevelt in August 1939. The letter recommended that the United States explore the possibility of producing atomic bombs, thus initiating a process that ultimately led to the secret Manhattan Project, a massive operation with thirty-seven installations in nineteen states and Canada, more than 43,000 employees, and a wartime budget of $2.2 billion.1 The result of this huge industrial enterprise was what some Manhattan Project participants felt was nothing short of a miracle. As Joseph Hirschfelder, a group leader at the bomb-building laboratory at Los Alamos, said in a 1975 talk:I believe in scienti fic-technological miracles, since I saw one performed at Los Alamos during World War II. The very best scientists and engineers were enlisted in the Manhattan Project. They were given overriding priorities. They got everything which they deemed essential to their program; the cost was unimportant.... In a period of two-and-a-half years, they produced the miracle—an atomic bomb which creates temperatures of 50,000,000 C. (or 15,000 times as hot as molten iron), and pressures of the order of 20,000,000 atmospheres (or pressure greater than at the center of the earth), while unleashing the tremendous energy stored in the atomic nuclei.2





Szilard’s concern that the Nazis might be developing atomic weapons led him to contact Einstein; Szilard then arranged for Dr. Alexander Sachs, a financier and friend of President Roosevelt, to present the letter directly to the president. Szilard wrote two drafts of the proposed letter, one short and one long. As he said later, “We did not know just how many words one could put in a letter which a president is supposed to read. How many pages does the fission of uranium rate?”3

Einstein signed the longer of the two drafts, which told Roosevelt:Some recent work by E. Fermi and L. Szilard, which has been communicated to me by manuscript, leads me to expect that the element uranium may be turned into a new and important source of energy in the immediate future. Certain aspects of the situation which has arisen seem to call for watchfulness and, if necessary, quick action on the part of the Administration.4





The letter first mentioned the possibility of setting up a chain reaction in uranium which would release “vast amounts of power and large quantities of new radium-like elements,” a possibility which “appears almost certain” to occur “in the immediate future.”5

Szilard and Einstein were somewhat more conservative on the outlook for atomic bombs:This new phenomenon would also lead to the construction of bombs, and it is conceivable—though much less certain—that extremely powerful bombs of a new type may thus be constructed. A single bomb of this new type, carried by boat and exploded in a port, might very well destroy the whole port together with some of the surrounding territory. However, such bombs might very well prove to be too heavy for transportation by air.6





After a recommendation for securing a supply of uranium ore and providing funding for further experiments at university laboratories, the letter concluded with a warning that the Nazis might also be working on a bomb.

Sachs delivered the letter to Roosevelt in October. After studying it for a moment, Roosevelt reacted: “Alex, what you are after is to see that the Nazis don’t blow us up.” Turning to a trusted aide, “Pa” Watson, Roosevelt concluded, “This requires action.”7

In response to the Szilard/Einstein letter, Roosevelt created the Advisory Committee on Uranium, which in turn became the S-1 Committee. Finally, the Manhattan Project was formed, under the stewardship of General Leslie R. Groves of the Army Corps of Engineers.

A combination of fear of the Nazis and technological problems accounted for the gargantuan size of the Manhattan Project. It was well known that the Nazis had excellent scientists and engineers, ample industrial capacity, and a source of uranium in the Czechoslovakian mines they had captured. A  uranium research program was under way at one of the Kaiser Wilhelm institutes under the direction of the son of the German undersecretary of state.8

By 1942, scientific evidence indicated that atomic bombs were possible, using either U-235 or plutonium as the fissionable material. Scientists had identified a number of possible methods for producing these materials. But each method presented its own set of unprecedented engineering difficulties, and there was no way to know how fast any of the proposed methods could be made to produce sufficient quantities of U-235 or plutonium.

No large industry had ever tried to expand so rapidly as the Manhattan Project, going from the experimental stage to full-scale industrial production in less than four years. As Groves explained, under normal conditions with such untried technology, there would be a multiyear, three-stage development process: “Its usual sequence is, first, laboratory research, followed by the design, construction, and operation of a semi-works. Only after the semi-works is in successful operation is the design of the commercial plant begun.”9

General Groves knew this leisurely path was far too slow if a weapon was to be produced before the war ended. On the basis of the skimpy laboratory results, engineers drew up plans for full-scale plants without knowing whether critical engineering and design problems could be solved. Groves wrote that the only way to proceed under such conditions was to assume “that our work would be successful. This was normal procedure. Always we assumed success long before there was any real basis for the assumption; in no other way could we telescope the time required for the over-all project. We could never afford the luxury of awaiting proof of one step before proceeding with the next.”10

Groves applied this philosophy to three major production technologies for fissionable materials: the separation of U-235 by gaseous diffusion, electromagnetic separation of U-235, and the production of plutonium from uranium irradiated in high-power production reactors. According to the Atomic Energy Commission’s official history of the years 1939 to 1946, The New World: [T]he severe specifications imposed by the need for great reliability in operation, extreme operating conditions, and the magnitude and complexity of the equipment were common to all three approaches. Overcoming corrosion, fabricating metals, purifying materials, understanding  thermodynamics, building auxiliary materials, developing special tools, using new materials, and testing models made up the engineers’ day throughout the Manhattan Project.11





The Manhattan Project constructed two new cities to house the tens of thousands of workers building the production plants. In Tennessee, there was Oak Ridge (also known as Dogpatch or the Patch), which grew to be the fifth-largest city in the state in less than two years, with a population of 79,000. In Washington, Hanford became in one year the fourth-largest city in the state, with 60,000 residents.12

In addition to these large production plant towns, the Corps also built Los Alamos, a special town to design and manufacture the bomb, located on an isolated mesa in New Mexico outside of Santa Fe. By the end of the war, 5,800 people lived on the Hill, as Los Alamos was known by its inhabitants.13

Tremendous institutional momentum developed to complete the weapon before the war ended. As the budget for the project grew from its initial authorization of $6,000 in the fall of 1939 to its wartime total of $2.2 billion, the stakes shifted. Groves and his colleagues were no longer simply racing against the Nazis; they were racing against the war itself. If they failed to build a successful bomb in time for use in the war, there was bound to be a grueling congressional investigation of the possible misuse of precious wartime funds. As Groves later wrote:I knew . . . that if we were not successful, there would be an investigation that would be as explosive as the anticipated atomic bomb. Once, in 1944 [General] Somervell told me with a perfectly straight face, at least for a moment: “I am thinking of buying a house about a block from the Capitol. The one next door is for sale and you had better buy it. It will be convenient because you and I are going to live out our lives before Congressional committees.”14





At Los Alamos, the fear of failure was expressed in a modified version of Ralph Waldo Emerson’s “Concord Hymn”:From this crude lab that spawned a dud 
Their necks to Truman’s axe uncurled 
Lo, the embattled savants stood 
And fired the flop heard around the world.15





With the detonation of the atomic bomb, the sprawling scientific and industrial complex justified its existence. The Manhattan Project became the archetypal example of the successful research and development (R&D) crash program. Secretary of War Henry Stimson said the success of the project “probably represents the greatest achievement of the combined efforts of science, industry, labor, and the military in all history.”16




The Heart of Security 

The Manhattan Project was secret. Its cities were built in secret, its research was done in secret, its scientists traveled under assumed names, its funds were concealed from Congress, and its existence was systematically kept out of the media. The emphasis on secrecy continued after the war ended, and has become a principal characteristic of the nuclear mindset.

General Groves always insisted that secrecy was a means, not an end, in the Manhattan Project: “Security was not the primary object of the Manhattan Project. Our mission was to develop an atomic bomb of such power that it would bring the war to an end at the earliest possible date. Security was an essential element, but not all-controlling.”17

There were two principal components to Groves’s security precautions: the compartmentalization of information inside the project, and press censorship outside. As Groves outlined it in his book, Now It Can Be Told, the problem inside the project was “to establish controls over the various members of the project that would minimize the likelihood of vital secrets falling into enemy hands. Dr. Bush had already expressed concern over the risks incurred through the free exchange of information among the various people on the project. This flow had to be stopped, if we were to beat our opponents in the race for the first atomic bomb.”18

Compartmentalization, or the restriction of knowledge about various aspects of the Manhattan Project to the “compartments” in which the knowledge was being developed, was central to this strategy. As Groves said, “Compartmentalization of knowledge, to me, was the very heart of security. My rule was simple and not capable of misinterpretation—each man should know everything he needed to know to do his job and nothing else.”19

Groves claimed that this need-to-know rule made “quite clear to all concerned that the project existed to produce a specific end product—not to  enable individuals to satisfy their curiosity and to increase their scientific knowledge.”20 Some scientists blamed compartmentalization for slowing down the progress of the Manhattan Project, saying it impeded the flow of scientific information. At a Senate hearing in 1945 after the end of the war, Leo Szilard testified that “compartmentalization of information, which was practiced in the atomic-energy project from November 1940 on was the cause of our failure to recognize that light uranium [U-235] might be produced in quantities sufficient to make atomic bombs.... We did not put two and two together because the two twos were in different compartments; they were not together.”21

The most important effect of the security policies was on the discussion of the larger implications of the development of atomic weapons. For example, when J. Robert Oppenheimer, the physicist Groves selected to run Los Alamos, proposed weekly colloquiums at Los Alamos to share information among the different divisions, Groves pressured Oppenheimer to limit the number of participants and to discuss only scientific issues.22 Historian Martin J. Sherwin wrote in his book A World Destroyed: “In an important way, then, the Manhattan Project’s security system served—as all such systems inevitably serve—as an extension and reflection of the policymaking process itself. Established to keep the secret of American efforts to develop atomic weapons from the Germans, it was soon transformed into a means for controlling the activities of scientists—and the flow of information about the Project to America’s allies.”23

Under the need-to-know rule, the tens of thousands of workers who built and operated the plants at Oak Ridge and Hanford had no idea what they were working on. Security investigations were run on all employees, and repeated for those in sensitive jobs. Oppenheimer was under heavy surveillance : his phone calls were recorded, and the places he stayed were probably bugged.24 The Manhattan Project had its own secret police, who came to be known as creeps.25 G-2 (Army Intelligence) and the FBI also participated in security operations.

There were undercover intelligence agents at all of the major installations of the Manhattan Project. Some agents took jobs in the plants to monitor employees. Workers were threatened with large fines or jail sentences for violating security regulations. At one of the uranium separation plants, every employee wore a badge with a number from one to five on it showing his or  her security level. Employees at this plant also wore color-coded uniforms based on their security level.26 Workers at the plant did not know what their dials and meters were registering; they only knew to call for a supervisor when their instruments exceeded specified limits.27 Scientists who actually knew what was going on were not supposed to discuss their work with their spouses, and many did not. A. H. Compton, who headed the Metallurgical Laboratory of the Manhattan Project, a research facility in Chicago, refused to keep secrets from his wife and managed to get a security clearance for her as well, although this case was an exception to the rule .28

Groves fought the establishment of unions at Manhattan Project facilities because he believed that the existence of unions would compromise security:We simply could not allow anyone over whom we did not have complete control to gain the over-all, detailed knowledge that a union representative would necessarily gain. Neither could we permit the discussions between workers that would be bound to occur in union meetings. And obviously we could not have security officers present to monitor their meetings. Also, some information would inevitably filter back to the International Brotherhoods of the various unions. . . .29





Press censorship complemented compartmentalization. As Groves put it, “Press security was the other side of the coin. Here we had the invaluable cooperation and assistance of the Office of Censorship [of the War Department].” 30 To Grovesthe general principles governing our control of information were simple. First, nothing should be published that would in any way disclose vital information. Second, nothing should be published that might attract attention to any phase of the project. Third, it was particularly important to keep such matters out of any magazine or newspaper that was likely to be read by an enemy agent or by anyone whose knowledge of scientific progress would enable him to guess what was going on.31





Although “the press was always a bit restive,”32 Groves managed to get his way, keeping knowledge of the secret project and a successful nuclear test blast in July from the American people until the announcement of the bombing of Hiroshima on August 6, 1945.

Groves was concerned about the security implications of every word: “The Manhattan Project always carefully avoided drawing undue attention to its work and to its people. Code names for our projects were deliberately innocuous.”33

This concern for words began with the name of the project itself. The original name was the “Laboratory for the Development of Substitute Materials,” abbreviated DSM. Groves was not in charge when this name was selected, and he tried to have it changed “on the grounds of security, feeling that the name was bound to arouse curiosity.”34 His original complaint was ignored, but on the day that a draft of a general order was to be published announcing the formation of the new engineering district under the designation DSM, Groves again objected, this time successfully. The officer in charge of the project at the time was located in Manhattan, so the project was christened the Manhattan Engineering District, although it is now almost universally referred to as the Manhattan Project.35

Groves also employed linguistic “camouflage” whenever he could:It was in order to prevent any speculative articles as well as the publicizing of any of our efforts that the press and radio had been asked to avoid the use of certain words, such as “atomic energy.” Certain decoy words, such as “yttrium,” were included in the list to camouflage [the] real purpose [of the project].36





Groves also kept track of articles published before the war that might be helpful to enemy agents. In 1943, for example, the Manhattan Project contacted the Saturday Evening Post about the article William L. Laurence had written in September 1940. The Post was asked to report any requests for that back issue, and to delay sending the issue out until they received further instructions. No requests were received.37 Groves hired Laurence in 1945 to work for the Manhattan Project. Laurence was shocked when security officials seized the copy of his 1940 Saturday Evening Post article that he was carrying in his briefcase, stamped it Secret, and locked it away in a safe.38

Groves tried to avoid publicity about himself, so he was quite upset when he heard the translation of the Greek name that G-2, Army Intelligence, had selected for a program to learn about German atomic research. “Imagine my horror, then, when I learned that G-2 had given the scientific intelligence mission to Italy the name of ‘Alsos,’ which one of my more scholarly  colleagues promptly informed me was the Greek word for ‘groves.’ My first inclination was to have the mission renamed, but I decided that to change it now would only draw attention to it.” (In a reassuring footnote in Now It Can Be Told, Groves notes that alsos actually means grove.)39

Code names, some of them ludicrously transparent, were assigned to many top scientists. Enrico Fermi became Henry Farmer; Eugene Wigner was Eugene Wagner; A. H. Compton became A. H. Comas;40 and Ernest Lawrence was renamed Ernest Lawson. According to an article by Daniel Lang written soon after the atomic bombs were dropped on Japan in 1945, Lawrence had to be given a second code name after his first one became too well known. The security people “dreamed up a brand new one—Oscar Wilde. It was selected, I was told, because Wilde had written a play called The Importance of Being Earnest.”41

Lang also recorded some of the other common code words used in the project:“top” for “atom,” “topic” for “atomic,” “boat” for “bomb,” “topic boat” for “atomic bomb,” “urchin fashion” for “uranium fission,” “spinning” for “smashing,” and “igloo of urchin” for “isotope of uranium.” The word for U-235 was “tenure,” and I learned how perfectly obvious it was from an eager lieutenant. “You see,” he told me, “two and three are five and five make ten. Right? O.K., that’s where the ‘ten’ comes in. The ‘ure’ stands for uranium. So, ‘ten’ plus ‘ure’ equals ‘tenure.’ A cinch.”42





Plutonium was called 49, its atomic number, 94, backward.43 Tube Alloys was the code name for the British version of the Manhattan Project.44 Tuballoy was also used as a code word for uranium. (An official receipt for the Hiroshima bomb records the arrival on Tinian Island in the Pacific of a “projectile unit containing [blank] kilograms of enriched tuballoy at an average concentration of [blank].” Also on the receipt is a later note from the pilot of the Enola Gay, the plane which dropped the Hiroshima bomb, saying that “the above material was expended to the city of Hiroshima, Japan at 0915 6 Aug.”)45 The atomic bomb was referred to as a gadget or a device; the latter term is still used today, as in the phrase peaceful nuclear device.

Nowhere in the Manhattan Project was security tighter than at Los Alamos, where the actual design and construction of the world’s first atomic bombs took place. Robert Oppenheimer wanted a site so secure that he  could relax Groves’s rule about compartmentalization and allow for more open discussion among the scientists working on the bomb.46

Los Alamos was not on the map; unlike Hanford and Oak Ridge, which could be found in post-office directories, Los Alamos had no post office. Mail for people working there was addressed to Post Office Box 1663, Santa Fe, New Mexico.47 Newspapers near Oak Ridge and Hanford were allowed to print social notes about people working at the two plants, but security officers tried to prevent newspapers from even mentioning the existence of Los Alamos.48 When Oppenheimer began to recruit scientists for the bomb laboratory, he could not tell them where they were going. He could only say that they would be working on a secret project to build a “Projectile S-1-T.”49

Phone conversations at Los Alamos were monitored, and censors would interrupt any conversation that appeared to be heading in the wrong direction. Mail was censored and returned for correction or deletion if necessary. There was a rule book for letter writers which proscribed certain words. According to a 1975 talk by Bernice Erode, who worked at Los Alamos from 1943 to 1945, “We could not mention last names, give distances or places nearby, and the worst word, ‘physicist,’ was strictly forbidden. I might say we could write ‘theoretical’ or ‘experimental,’ and the censors wouldn’t know, but our friends would.”50 Los Alamos was the only place in the United States where mail was censored. (Letters with the censor’s stamp on them are now collector’s items.)51

People were allowed a monthly visit to Santa Fe or one of the other nearby towns, where their movements were closely monitored by plainclothes intelligence agents. According to one woman who lived at Los Alamos, Santa Fe wasfull of men from G2; you could always spot them because they wore snap brimmed hats—straw in the summer—felt in the winter. G2 followed Hill people around town to see that they didn’t speak to anyone on the street. People from Los Alamos were supposed to cut their own parents if they met them on the street. G2 saw to it they didn’t mail any letter surreptitiously and tailed them. . . .52





When press censorship finally ended, the Santa Fe New Mexican heaved “a sigh—sigh nothing; it’s more of a groan—of relief”—in a front-page story entitled “Now They Can Be Told Aloud, Those Stoories [sic] of ‘The Hill.’”  Reporters had heard dozens of rumors about what Los Alamos was up to, from gas warfare to jet propulsion to rockets to atomic bombs to “a Republican internment camp.”53

The New Mexican’s reporter described the frustrations of a newspaper forbidden to cover the mysterious goings-on in its own backyard: “A whole social world existed in nowhere in which people were married and babies were born nowhere. People died in a vacuum, autos and trucks crashed in a vacuum. . . .”54

The paper could not even acknowledge the existence of the numerous explosions that were heard coming from the direction of Los Alamos. (The explosions were part of the test of the chemical explosives that would be used to initiate the much more powerful atomic explosions.) When the chemical explosions occurred, “this paper’s phone would ring but the whole staff could just ‘no speak English.’”55




A Very Big Fish 

The work of the laboratory at Los Alamos culminated with the detonation of the world’s first atomic bomb, at 5:30 A.M. Mountain War Time, July 16, 1945, at Alamogordo, New Mexico, a desert site about 200 miles from Los Alamos. The explosion released energy equivalent to that released by 20,000 tons of TNT;56 the blast was seen for 250 miles; and the sound was heard for 50 miles.57 For some observers, the explosion also released the metaphors of destruction that the rest of the world would not learn about for three more weeks, with the bombing of Hiroshima.

The code name for this first explosion was Trinity, chosen by Oppenheimer. The name grew out of Oppenheimer’s recent reading of John Donne’s Holy Sonnets. In one sonnet, which seethes with violent imagery, Donne asks a “three-personed God” to batter his heart, to use its terrific force to “break, blow, burn, and make me new”:Batter my heart, three-personed God; for You 
As yet but knock, breathe, shine and seek to mend; 
That I may rise and stand, o’erthrow me, ’and bend 
Your force to break, blow, burn, and make me new. 
I, like an usurped town, to’another due, 
Labor to’admit You, but O, to no end;  
Reason, Your viceroy’in me, me should defend, 
But is captived, and proves weak or untrue. 
Yet dearly’ I love You, ’and would be loved fain, 
But am betrothed unto Your enemy. 
Divorce me, ’untie or break that knot again; 
Take me to You, imprison me, for I, 
Except You’enthrall me, never shall be free, 
Nor ever chaste, except You ravish me.





At the test site, the bomb was placed at the top of a 100-foot steel tower .58 The location was called Point Zero or Zero. The observers waited in bunkers several thousand yards away, equipped with dark glasses to view the early stages of the blast. According to Edward Teller, the principal inventor of the hydrogen bomb, “We were told to lie down on the sand, turn our faces away from the blast, and bury our heads in our arms. No one complied. We were determined to look the beast in the eye.” Teller even came equipped with suntan lotion.59

One of the most graphic descriptions of the effects of the Trinity test is General James Farrell’s report, contained in General Groves’s official report on the event to the War Department. According to Farrell:We were reaching into the unknown and we did not know what might come of it. It can safely be said that most of those present were praying and praying harder than they had ever prayed before....

. . . when the announcer shouted “Now!” . . . there came this tremendous burst of light followed shortly thereafter by the deep growling roar of the explosion....

The effects could well be called unprecedented, magnificent, beautiful, stupendous and terrifying. No man-made phenomenon of such tremendous power had ever occurred before. The lighting effects beggared description. The whole country was lighted by a searching light with the intensity many times that of the midday sun. It was golden, purple, violet, gray and blue. It lighted every peak, crevasse, and ridge of the nearby mountain range with a clarity and beauty that cannot be described but must be seen to be imagined. It was that beauty the great poets dream about but describe most poorly and inadequately. Thirty seconds after the explosion, came, first, the air blast, pressing hard against the people and things, to be followed almost immediately by the strong, sustained, awesome roar  which warned us of doomsday and made us feel that we puny things were blasphemous to dare tamper with the forces heretofore reserved to the Almighty. Words are inadequate tools for the job of acquainting those not present with the physical, mental, and psychological effects. It had to be witnessed to be realized.60





Oppenheimer told William L. Laurence that he was reminded of a line of Hindu poetry from the Bhagavad-Gita, “I am become Death, the Shatterer of Worlds.”61 Kenneth Bainbridge, who was in charge of the test, had a more prosaic reaction. He told Oppenheimer, “Now we are all sons of bitches.”62 Bainbridge later wrote that Oppenheimer told one of his daughters that Bainbridge’s remark “was the best thing anyone said after the test.”63

Groves had taken special precautions to keep the story of the explosion out of the press, especially on the East and West Coasts. Laurence, who, although working for the Manhattan Project, was still on the New York Times payroll, prepared four different press releases, differing only in the size of the explosion they described. Laurence numbered every word in the releases so that, as Groves explained, “it was a simple matter to alter it without disclosing any secrets to an unauthorized listener-in.”64 (Laurence had warned the Times in a July 12 letter that “zero hour for the revelation of the Big Secret was approaching.” He wrote his old editor to make sure enough space would be reserved for the story:The story is much bigger than I could imagine, fantastic, bizarre, fascinating and terrifying. When it breaks it will be an eight-day wonder, a sort of Second Coming of Christ yarn. It will be one of the big stories of our generation and it will run for some time. It will need about twenty columns on the day it breaks. This may sound overenthusiastic, but I am willing to wager you right now that when the time comes you will agree that my estimate is on the conservative side.) 65





The explosion occurred at 5:30 A.M., about 1½ hours behind schedule, so that many people were awake when the blast lit up the sky in the west. By 11 A.M., an officer stationed by Groves at the Albuquerque office of the Associated Press reported that unless the Army had something to say, the AP would run its own story on the mysterious explosion. At that point, Groves made the appropriate corrections in one of the releases, which was then  issued by the commanding officer of the Alamogordo Army Air Base, who knew nothing about what was going on other than that he had been ordered to issue the press release. The release read:ALAMOGORDO, N.M. July 16

The commanding officer of the Alamogordo Army Air Base made the following statement today:

“Several inquiries have been received concerning a heavy explosion which occurred on the Alamogordo Air Base reservation this morning.

“A remotely located ammunition magazine containing a considerable amount of high explosives and pyrotechnics exploded.

“There was no loss of life or injury to anyone, and the property damage outside of the explosives magazine itself was negligible.

“Weather conditions affecting the content of gas shells exploded by the blast may make it desirable for the Army to evacuate temporarily a few civilians from their homes.”66





The reference to gas shells was designed to cover the possible evacuation of civilians if the radioactive fallout from the test endangered people outside the test site.

This release did not keep the story out of the local papers, but the Office of Censorship managed to keep it out of the East Coast papers, except for a few lines in one paper. The explosion was covered by West Coast radio, but of course no one had any way of knowing that an atomic bomb was responsible.

A few special messages went out from Oppenheimer and Groves telling others of the explosion. Oppenheimer cabled one Manhattan Project scientist, “You’ll be interested to know that we caught a very big fish.”67 Oppenheimer’s message to his wife if the test was successful was more homely: “You can change the sheets.”68

The most important messages went from Groves to President Truman, who was meeting with Churchill and Stalin at Potsdam, Germany. Truman needed to know whether the test was successful as soon as possible in order to use the information in the negotiations. Indeed, the meeting had been scheduled in part around the atomic bomb test schedule.69 The first message to reach American negotiators was promising: Operated on this morning. Diagnosis not yet complete but results seem satisfactory and already exceed expectations. Local press release necessary as interest extends great distance. Dr. Groves pleased. He returns tomorrow. I will keep you posted.70





A second cable followed, with more complete information:Doctor has just returned most enthusiastic and confident that the little boy is as husky as his big brother. The light in his eyes discernible from here to Highhold and I could have heard his screams from here to my farm.71





This message told Truman that the test had exceeded all expectations: Highhold was 250 miles from Washington, and the farm was 50 miles away.72




Hiroshima 

At 11 A.M., August 6, 1945, at the White House, President Harry Truman’s press secretary began reading one of the most important press releases in history. It was also one of the most carefully worded, having gone through several drafts and having been reviewed by the highest officials of both the United States and Great Britain.73

There was no indication to the press that anything extraordinary was afoot. The release began:Sixteen hours ago an American airplane dropped one bomb on Hiroshima, an important Japanese army base. That bomb had more power than 20,000 tons of T.N.T. It had more than two thousand times the blast power of the British “Grand Slam” which is the largest bomb ever yet used in the history of warfare.74





According to General Groves, “As the words ‘more than twenty thousand tons of TNT’ came out of his [the press secretary’s] mouth, there was a tremendous rush of reporters for the releases, which were on a table at the exit from the room, and then to the telephones and their offices.”75 Groves was pleased to see that in the ensuing news coverage, “most newspapers published our releases in their entirety. This is one of the few times since government releases have become so common that this has been done.”76

Truman’s press statement was aimed at the Japanese government and its people: “The force from which the sun draws its power has been loosed against those who brought war to the Far East.”77 Unless the Japanese accepted the U.S. surrender terms, there would follow “a rain of ruin from the air, the like of which has never been seen on this earth.”78

Truman also praised the Manhattan Project, declaring that “what has been done is the greatest achievement of organized science in history.”79 Comparing the scientists of the Manhattan Project to war heroes, Truman said, “The battle of the laboratories held fateful risks for us as well as the battles of the air, land and sea, and we have now won the battle of the laboratories as we have won the other battles.”80

The statement was not specific about how much damage had been done at Hiroshima, an omission that pained Groves. In the hours before the press conference, he had tried frantically to obtain a damage report from U.S. forces in the Pacific. But the firestorm caused by the explosion had completely obscured the ground from aerial reconnaissance. Groves wrote that he “finally compromised by making a minor change in the first paragraph, which I felt would not lessen the impact of the news on the Japanese, and would still leave us a loophole in case the bomb had not the anticipated destructive force.”81
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Don't we reach a point with these strategic weapons where we can
wipe each other out 5o many times and no one wants to use them
oris willing to use them, that it really doesn't matter whether we're
10% or 2% lower o higher?

Yes, if you believe there is no such thing as a winner in a nuclear
exchange, that argument makes ltle sense. | don't believe that.
How do you win in a nuclear exchange?

You have survivability of command and control, survivability of
industrial potential, protection of a percentage of your citizens,
and you have a capability that inflicts more damage on the opposi-
tionthanit caninflict on you. That's the way you can have awinner,
and the Soviets’ planning is based on the ugly concept of a winner
in anuclear exchange.

Do you mean like 5% would survive? Two percent?

More than that—if everybody fired everything he had, you'd have
more than that survive.
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