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Preface



The Manhattan Project Seventy-Five Years Later


When future generations look back on the twentieth century, few events will rival the harnessing of nuclear energy as a turning point in world history. The 75th anniversary of the Manhattan Project is an opportune occasion to reflect upon the top-secret effort that enabled the Allies to end World War II, but also introduced a major new force in human affairs. As early as 1944, Danish physicist Niels Bohr predicted that atomic weapons could become “a perpetual menace to society.”


This edition of The Manhattan Project adds a section drawn from interviews taken since 2007. In these, Manhattan Project veterans share diverse reflections on the use of the atomic bombs, and Hiroshima and Nagasaki survivors recount their experiences. Also included are the opinions of former United States and Soviet leaders. In the words of Mikhail Gorbachev, the world is “sitting on a nuclear powder keg.”


This new preface traces the efforts to preserve the places and significant properties of the Manhattan Project. Having authentic first-of-a-kind facilities, equipment, and other artifacts is essential to preserving this complex history. As Richard Rhodes, Pulitzer Prize–winning author of The Making of the Atomic Bomb, has said, “When we lose parts of our physical past, we lose parts of our common social past as well.” The following tells the story of how critical Manhattan Project properties were salvaged and a national historical park created.


Twenty-five years ago, 50 wooden structures where the world’s first atomic bombs were designed stood deep inside the Los Alamos National Laboratory’s property. The buildings were abandoned in the 1950s and few people even knew they existed.


In 1997, colleagues in the Department of Energy (DOE) alerted me that all of the remaining Manhattan Project properties owned by the laboratory were slated for demolition. While the laboratory was required to mitigate the loss with documents and photographs, preservation was not considered an option.


Given their historic significance, the Advisory Council on Historic Preservation agreed to investigate. On November 5, 1998, Council members visiting Los Alamos were struck by the simplicity of the one-story wooden structures located on the “V-Site” where the atomic age was born. As architect Bruce D. Judd commented, the humble V-Site properties were “monumental in their lack of monumentality.” However, laboratory officials explained that Congress appropriated funds to demolish, not restore, them. Without other funds, the properties were doomed.


Fortunately, the White House Millennial Project had convinced Congress to provide $30 million to preserve Federal properties significant to America’s history that were in danger of being lost. After a government-wide competition, two Save America’s Treasures grants were awarded for DOE properties in 1999: $700,000 for the V-Site properties at Los Alamos and $320,000 for the Experimental Breeder Reactor–I in Idaho.


The catch was that the grant funds had to be matched with non-Federal funds. Raising a million dollars became my next mission, prompting me to leave the government after twenty-five years. The first step was to launch the Atomic Heritage Foundation (AHF), a tax-exempt non-profit dedicated to preserving and interpreting the history of the Manhattan Project.


Richard Rhodes became AHF’s first board member. Rhodes opened doors to Senators Pete Domenici and Jeff Bingaman of New Mexico and drew enthusiastic crowds to AHF’s events. Eventually, AHF raised the necessary funds for the Save America’s Treasures projects. In 2006, the humble structures of the V-Site were restored and quickly became a touchstone for the Los Alamos National Laboratory.


The restoration of the properties at Los Alamos raised questions about what other Manhattan Project properties should be preserved. What about the B reactor at Hanford, Washington, which produced the first plutonium, or the K-25 plant at Oak Ridge, Tennessee, which produced enriched uranium? Tasked with producing a report for Congress, AHF convened a series of public meetings around the country in 2003. The meetings included federal, state and local officials, Manhattan Project veterans, historical societies, and members of the public. For the first time, the public discussed the possibility of establishing a national historical park for the Manhattan Project.


For over a decade, the Congressional delegations from New Mexico, Washington, and Tennessee were instrumental in the success of the legislation for a new park. In 2003, Senators Maria Cantwell of Washington and Jeff Bingaman of New Mexico introduced legislation requiring a “special resource study.” With bipartisan, bicameral support, Congress passed the legislation in September 2004. Despite an official policy of “no new parks,” President George W. Bush signed it.


In 2011, the long-awaited study from the National Park Service (NPS) recommended creating a Manhattan Project National Historical Park with units at Los Alamos, Oak Ridge, and Hanford. For the next three years, AHF led a broad national coalition with representatives from the Manhattan Project communities, the National Parks Conservation Association, and the National Trust for Historic Preservation.


Congressman Doc Hastings, who represented Hanford, was an important champion for the legislation in the House. However, an initial attempt at passage failed in 2012 as opponents raised fears that the park would simply celebrate nuclear weapons. Two years later, Hastings managed to tuck the bill inside the mammoth National Defense Authorization Act, which then passed Congress on December 12, 2014.


News of the legislation to create a Manhattan Project park unsettled officials in Hiroshima and Nagasaki, Japan, who feared that the National Park Service’s interpretation would not address the impact of the atomic bombs on Japan. In May 2015, AHF met with the Mayors of Hiroshima and Nagasaki in New York City to assure them that the Park Service intended to tell the whole story, including “what happened under the mushroom cloud.”


In November 2015, the park became official, a joint enterprise between the Department of Energy and the National Park Service. The Department of Energy would continue to own and maintain its Manhattan Project properties. As the nation’s storyteller, the Park Service would interpret the history for the public.


Just four years old, the park is a work in progress. Currently, public access to many of the Manhattan Project properties is restricted because of national security or safety issues. Funding constraints have made it difficult for the Park Service to launch the park expeditiously. However, NPS is making steady progress, working with local museums, historical societies, educators, and nonprofit organizations to engage visitors in learning about the “Secret Cities” and the dawn of the nuclear age.


The Atomic Heritage Foundation has focused on creating extensive online resources. AHF’s main website (www.atomicheritage.org) has hundreds of articles and primary source documents on the history of the Manhattan Project and its legacy. Profiles of 14,000 Manhattan Project veterans enable family members to research their relative’s role.


The “Voices of the Manhattan Project” website (www.manhattanprojectvoices.org) has over 600 oral histories, fully transcribed and searchable. The collection has dozens of fascinating recordings with top-echelon Manhattan Project leaders, including J. Robert Oppenheimer and General Leslie Groves, taken by Stephane Groueff in 1965. Another 80 interviews with a cross-section of Hanford employees were captured by S. L. Sanger in 1986. The collection has another 100 interviews recorded by Pulitzer Prize–winning historians Martin J. Sherwin and Richard Rhodes.


Finally, AHF has taken over 350 interviews from Nobel laureates, members of the Special Engineer Detachment, women scientists, African Americans, Native Americans, and downwinders. The “Voices of the Manhattan Project” site is a treasure trove for journalists, scholars, TV and radio producers, museums, students, and the public.


AHF’s “Ranger in Your Pocket” website (www.RangerInYourPocket.org) provides access to hundreds of short, two- to five-minute audio/visual programs. Each program addresses an aspect of work or daily life using first-hand accounts. Visitors can access these programs on their smartphones and tablets as they walk down Bathtub Row at Los Alamos or tour the B Reactor at Hanford, for example. These resources have also been widely used by teachers in classrooms and by museums.


Section Ten of this new edition of The Manhattan Project features selections from AHF’s oral history collection. Readers can see the full transcripts and listen to or watch the interviews online. Manhattan Project veterans share their personal reflections on the decision to drop the atomic bombs. Survivors from Hiroshima and Nagasaki describe the horrific devastation and their lifelong suffering. As Mayor Taue of Nagasaki explains, “The atomic bomb survivors’ first and foremost wish is that no one in this world will ever experience what they have gone through.”


The Manhattan Project’s legacy continues as we navigate the perils of nuclear weapons in the twenty-first century. Former U.S. government officials George Shultz, William S. Perry and Sam Nunn warn that the threat of nuclear war is still with us seventy-five years later. Beatrice Finn, who received the 2017 Nobel Peace Prize, calls on nations to choose “the end of nuclear weapons over the end of us!”


Please enjoy the diverse, thought-provoking contributions in this seventy-fifth anniversary edition of The Manhattan Project.













Preserving the Manhattan Project



Cynthia C. Kelly


President, Atomic Heritage Foundation


Decades before the Manhattan Project unleashed the world’s first atomic bomb, the possibility of harnessing the enormous energy inside an atom captured the imaginations of scientists. On September 12, 1933, while crossing the street in London, Hungarian physicist Leo Szilard realized the possibility of a nuclear chain reaction. Five years later, on December 21, 1938, two German scientists split the uranium atom. Word spread quickly as physicists from Britain, France, Italy, Russia, and the United States rushed to duplicate the experiment. The race to develop an atomic bomb had begun.


This book chronicles the top-secret Manhattan Project, the U.S. effort to develop, test, and use an atomic bomb in World War II, and the enduring legacy it has left. The story is told through first-hand accounts, oral histories, and contemporary documents, as well as commentary by leading historians and political leaders.


Albert Einstein’s letter of August 2, 1939 warned President Franklin D. Roosevelt that Germany may have an atomic weapon program. In March 1941, British scientists urged Americans to develop such a weapon “with the highest priority.” Still more time elapsed as the American effort slowly materialized. It was not until September 1942 that hard-driving General Leslie R. Groves took charge, wasting no time to select personnel, production sites and set ambitious schedules to produce an atomic bomb.


Why did the Manhattan Project succeed despite long odds? The Army Corps of Engineers’ dynamo General Groves and scientific director J. Robert Oppenheimer, scientific director of the laboratory at Los Alamos, New Mexico, were a formidable pair. With Roosevelt’s backing, Groves enlisted America’s leading industrial firms to construct and operate the vast facilities needed to produce the ingredients for the bomb. Oppenheimer recruited a “galaxy of luminaries,” Nobel laureates and promising young physicists, engineers, and other scientists, many of them refugees from Nazi-dominated Europe.


Over 125,000 people, most in their twenties and thirties, worked on the top-secret Manhattan Project. Through a variety of selections, the book portrays life in the Manhattan Project with its youthful exuberance and unrelenting intensity. From university professors to high school girls, members of the newly created Special Engineer Detachment to construction laborers of all sorts, people worked around the clock, living in “alphabet” houses, makeshift construction camps, barracks, and trailers.


General Groves was, among other things, the architect of an intelligence revolution that took security measures to unprecedented heights. Because of strict security procedures, the vast majority of Manhattan Project employees only learned what they had been working on after the first bomb was dropped on August 6, 1945. However, as comprehensive as the security measures were, they were not totally effective as several spies infiltrated the project. Soviet scientists and leaders working on their atomic bomb took advantage of the information that the espionage provided.


Concerned scientists debated among themselves the moral and ethical implications of using an atomic bomb. In June and July 1945, over 150 scientists signed petitions to the Secretary of War Henry Stimson and to President Harry Truman recommending against its unannounced military use against Japan. While these recommendations did not prevail, many scientists accurately predicted a nuclear weapons arms race and formulated proposals for international controls to try to prevent it.


On the morning of August 6, 1945, the first atomic bomb, Little Boy, was dropped from the B-29 bomber, the Enola Gay, over Hiroshima. Statements by President Truman and Secretary of War Stimson initiated an avalanche of radio announcements and newspaper articles in the United States and around the world. The American public was relieved that the long and costly war was over and initially supported the decision to drop the bomb by an overwhelming majority of 85 percent.


As news about the full effects of the atomic bomb on Hiroshima and Nagasaki gradually reached the American public, support began to wane. A year after the bombings, John Hersey gave an immediacy to the human toll and destruction of Hiroshima in an influential article in The New Yorker. As the Cold War arms race increased the possibility of a nuclear holocaust, world leaders struggled to establish controls to prevent disaster. The problem and the debate continue today as illustrated by recent statements by former U.S. government officials and former Soviet Union President Mikhail Gorbachev.


The Atomic Heritage Foundation is a nonprofit organization dedicated to preserving the history of the Manhattan Project and its legacy through publications, oral histories, documentary films and the physical properties of the Manhattan Project. While most of the Manhattan Project properties have been lost, a handful of important properties remain at each major site.


In 2004, under bipartisan leadership, Congress provided an opportunity to reassess the fate of these remaining properties. The National Park Service is studying whether to create national Manhattan Project Historical Park sites at Los Alamos, New Mexico; Hanford, Washington; and Oak Ridge, Tennessee; and other significant sites.


Collaborative efforts with both public and private partners have saved several of the threatened properties. At Los Alamos, a Save America’s Treasures grant matched with non-federal funds provided the means to restore the humble “V-Site” properties where the Trinity test bomb was assembled and the modest cottage where J. Robert Oppenheimer and his family lived. At Hanford, Congress provided funds to restore the B Reactor and the M. J. Murdock Charitable Trust awarded the Atomic Heritage Foundation a grant for multimedia interpretative exhibits. At Oak Ridge, the Atomic Heritage Foundation, Partnership for K-25 Preservation and other state and local partners are working to preserve the north end of the mile-long K-25 gaseous diffusion plant, previously slated for demolition.


Over the next decade, you may be able to visit one or more national historical park sites for the Manhattan Project and tour some of the once top-secret facilities that changed the course of world history. Meanwhile, please visit our website at www.atomicheritage.org and immerse yourself in The Manhattan Project.


Cynthia C. Kelly


President, Atomic Heritage Foundation













A Great Work of Human Collaboration



By Richard Rhodes


No other story resonates quite like the story of the Manhattan Project. When I wrote my history The Making of the Atomic Bomb, I thought of it as the tragic epic of the twentieth century: Humankind invents the means of its own destruction. But the discovery of how to release the enormous energies latent in the nuclei of atoms has led to a world where world-scale war is no longer possible. Is that tragedy, or cause for celebration?


Nuclear power came out of the Manhattan Project as well, the first major source of energy not derived directly or indirectly from sunlight. I suppose there are those who would consider that development a tragedy, but as energy transitions go, it’s been orders of magnitude cleaner and safer than its predecessors, coal and oil, and now nuclear power appears poised to contribute to slowing global warming.


Yet neither of these outcomes was intentional. A few scientists suspected they might follow. Most of the military and civilian leaders who knew of the secret program to develop atomic bombs, from President Franklin D. Roosevelt and Prime Minister Winston Churchill on down, had more immediate concerns. Their desperate purpose, for which they were prepared to spend billions of dollars and divert precious materials and manpower from the immediate war effort, was to master the military technology of nuclear fission before Nazi Germany—as evil an empire as ever laid claim to the earth—succeeded in doing so. As it turned out, of course, Germany had hardly begun a bomb research program, and once the Soviet Union mastered the technology, after 1949, the new weapons proved unusable. Maybe the proper genre for the Manhattan Project story is irony, not tragedy.


Either way, it was epic in scope, in numbers of people and scale of investment and construction; epic as well in its daring transfer of physical and chemical processes directly from the laboratory to the huge enrichment and separation facilities at Oak Ridge, Tennessee, and Hanford, Washington. I can think of no other major new technical process that has been industrialized in so short a time—testimony to how dangerous the new weapons were understood to be, capable even of turning defeat into victory if it came to that.


Fortunately, it didn’t come to that. It came instead to a decision, more controversial now than it was in the summer of 1945, to use the first two bombs against Japanese cities in the hope of shocking the Japanese into surrender before the invasion of their home islands, scheduled for November, took an even greater toll of American and Japanese lives. That decision is discussed here by experts; I would only remind you that destroying Japanese cities with firebombing—destruction fully as total as the atomic bombings brought—had been underway for months, and that Hiroshima and Nagasaki would already have been burned out by August 1945 had they not been removed from the U.S. Air Force’s target list. The moral decision to use terror bombing against civilian populations had been made two years earlier, in Europe, and it was fully implemented in Japan in the last months of the war, until only cities with less than 50,000 population (excluding those on the atomic bombing target list) remained untouched.


These hard choices and decisions, following as they did from a great, and in the long run humane, work of human collaboration, are much of what gives the Manhattan Project story its almost mythic resonance. Harnessing the military technology of nuclear fission required genius, sacrifice and unremitting hard work, from digging ditches and hanging iron, to inventing new ways to detonate explosives, to figuring out how to remove a large strategic bomber from the immediate vicinity of a falling atomic bomb before the damned thing goes off.


Fewer and fewer of those who participated in the work remain alive to recall it to us face to face. To honor them and to preserve their memories, the Atomic Heritage Foundation, Cindy Kelly and her colleagues, have brought together here a rich sampling of their eyewitness accounts as well as of reconstructions by historians and even a fictional re-creation or two. I hope this memorial anthology revitalizes for you a time that was tragic, ironic and epic, all three, but most of all intensely human, and compelled from the beginning not by malice or hatred but by hope for a better world.


RICHARD RHODES is the author of 22 books, including novels and works of history, journalism, and letters. His newest, published in October 2007, is the third volume in his nuclear history, Arsenals of Folly: The Making of the Nuclear Arms Race. His The Making of the Atomic Bomb won a Pulitzer Prize, a National Book Award, and a National Book Critics Circle Award.













Section One



Explosive Discoveries and Bureaucratic Inertia













Explosive Discoveries and Bureaucratic Inertia


“Physicists had known for forty years that enormous energy was locked up in the atom. Here at last was a way to release it. [German scientist] Otto Hahn brooded on the probable military applications of the discovery and seriously considered suicide.”


—RICHARD RHODES,
“THE ATOMIC BOMB IN THE SECOND WORLD WAR”


Decades before the Manhattan Project, the possibility of harnessing the enormous energy inside an atom captured the imaginations of scientists and the public who foresaw a source of unlimited energy as well as enormously destructive new weapons. In 1914, novelist H. G. Wells envisioned an atomic bomb that would produce a continual radioactive explosion in The World Set Free. For Hungarian physicist Leo Szilard, the novel triggered his fascination with unleashing the energy within an atom. In 1933 while crossing the street in London, Szilard realized the possibility of a nuclear chain reaction.


Five years later, scientists still did not know which elements would create a chain reaction. Then by accident, Otto Hahn and Fritz Strassmann were able to split apart uranium atoms in Nazi Germany on December 21, 1938. Within weeks, Lise Meitner and her nephew Otto Frisch explained this physical phenomenon as “fission” of the uranium nucleus. Word spread quickly as physicists from Britain, France, Italy, Russia, and the United States rushed to duplicate the experiment by bombarding uranium with neutrons. The race to develop an atomic bomb had begun. In August 1939 Albert Einstein warned President Franklin D. Roosevelt that Germany could already have an atomic weapon underway.


Fear that Hitler would be the first to develop and use the atomic bomb galvanized the United States and Britain to invest in making an atomic bomb. More than a hundred scientists who had fled Nazi Europe joined the American and British efforts. In 1940, two such refugees in Britain, Otto Frisch and Rudolph Peierls, warned that if Germany had an atomic bomb, “No shelters are available that would be effective.… The most effective reply would be a counter-threat with a similar bomb.” In July 1941, the British MAUD report concluded that creating an atomic bomb was both feasible and urgent.


The United States was slow to embrace the undertaking. Even Vannevar Bush, President Roosevelt’s closest scientific advisor, was skeptical of the “wild notions” of atomic bombs. But by spring 1942 the compelling reports of James Chadwick and other British scientists prevailed. Bush became an ardent advocate as he told Secretary of War Henry Stimson, “Nothing should stand in the way of putting this whole affair through to conclusion, on a reasonable scale, but at the maximum speed possible.” The following selections trace the scientific discoveries on the eve of war, the compelling case for creating an atomic bomb made by British scientists, and the period of indecision that led up to the launching of the Manhattan Project.















Thinking No Pedestrian Thoughts



Eccentric Hungarian physicist Leo Szilard spent many hours thinking in the bathtub. But perhaps his most significant scientific insight occurred while he was crossing the street in London in 1933. As told here by Richard Rhodes, Szilard had just stepped off the curb when he realized the possibility of a nuclear chain reaction.


From The Making of the Atomic Bomb


BY RICHARD RHODES


In London, where Southampton Row passes Russell Square, across from the British Museum in Bloomsbury, Leo Szilard waited irritably one gray Depression morning for the stoplight to change. A trace of rain had fallen during the night; Tuesday, September 12, 1933, dawned cool, humid and dull. Drizzling rain would begin again in early afternoon. When Szilard told the story later he never mentioned his destination that morning. He may have had none; he often walked to think. In any case another destination intervened. The stoplight changed to green. Szilard stepped off the curb. As he crossed the street time cracked open before him and he saw a way to the future, death into the world and all our woe, the shape of things to come.
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Szilard was not the first to realize that the neutron might slip past the positive electrical barrier of the nucleus; that realization had come to other physicists as well. But he was the first to imagine a mechanism whereby more energy might be released in the neutron’s bombardment of the nucleus than the neutron itself supplied.


There was an analogous process in chemistry. Polanyi had studied it. A comparatively small number of active particles—oxygen atoms, for example—admitted into a chemically unstable system, worked like leaven to elicit a chemical reaction at temperatures much lower than the temperature that the reaction normally required. Chain reaction, the process was called. One center of chemical reaction produces thousands of product molecules. One center occasionally has an especially favorable encounter with a reactant and instead of forming only one new center, it forms two or more, each of which is capable in turn of propagating a reaction chain.


Chemical chain reactions are self-limiting. Were they not, they would run away in geometric progression: 1, 2, 4, 8, 16, 32, 64, 128, 256, 512, 1024, 2048, 4096, 8192, 16384, 32768, 65536, 131072, 262144, 524288, 1048576, 2097152, 4194304, 8388608, 16777216, 33554432, 67108868, 134217736…


“As the light changed to green and I crossed the street,” Szilard recalls, “it… suddenly occurred to me that if we could find an element which is split by neutrons and which would emit two neutrons when it absorbs one neutron, such an element, if assembled in sufficiently large mass, could sustain a nuclear chain reaction.”
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Drawn by Robert Grossman; courtesy of William Lanouette
Leo Szilard spent hours in the bathtub, his favorite location for deep thinking. This cartoon also features a dolphin in reference to his allegory, “The Voice of the Dolphins.”


“I didn’t see at the moment just how one would go about finding such an element, or what experiments would be needed, but the idea never left me. In certain circumstances it might be possible to set up a nuclear chain reaction, liberate energy on an industrial scale, and construct atomic bombs.”


Leo Szilard stepped up onto the sidewalk. Behind him the light changed to red.
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Reprinted by permission of G.T. Labs ©2001 Jim Ottaviani and Janine Johnston 
These pages from the graphic novel Fallout visualize Szilard’s initial conception of nuclear fission while crossing the street in London in 1933.















“The atomic bombs burst in their fumbling hands”



In 1914, H. G. Wells published a science fiction novel that envisioned an atomic bomb for the first time. Reading The World Set Free decades before the Manhattan Project, Leo Szilard became captivated by the possibility of a nuclear chain reaction. This selection from The World Set Free highlighted seemingly limitless possibilities that would accompany such control of nuclear energy. Wells’s fictional bomb differed from the real one, but the moral and ethical concerns he posed anticipated those that mankind soon had to confront.


From The World Set Free


BY H. G. WELLS


“Given that knowledge,” he said, “mark what we should be able to do! We should not only be able to use this uranium and thorium; not only should we have a source of power so potent that a man might carry in his hand the energy to light a city for a year, fight a fleet of battleships, or drive one of our giant liners across the Atlantic; but we should also have a clue that would enable us at last to quicken the process of disintegration in all the other elements, where decay is still so slow as to escape our finest measurements. Every scrap of solid matter in the world would become an available reservoir of concentrated force. Do you realize, ladies and gentlemen, what these things would mean for us?”


The scrub head nodded. “Oh! Go on. Go on.”


“It would mean a change in human conditions that I can only compare to the discovery of fire, that first discovery that lifted man above the brute.”
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The gaunt face hardened to grimness, and with both hands the bomb-thrower lifted the big atomic bomb from the box and steadied it against the side. It was a black sphere two feet in diameter. Between its handles was a little celluloid stud, and to this he bent his head until his lips touched it. Then he had to bite in order to let the air in upon the inductive. Sure of its accessibility, he craned his neck over the side of the aeroplane and judged his pace and distance. Then very quickly he bent forward, bit the stud, and hoisted the bomb over the side.


“Round,” he whispered inaudibly.


The bomb flashed blinding scarlet in mid-air, and fell, a descending column of blaze eddying spirally in the midst of a whirlwind. Both the aeroplanes were tossed like shuttlecocks, hurled high and sideways and the steersman, with gleaming eyes and set teeth, fought in great banking curves for a balance. The gaunt man clung tight with hand and knees; his nostrils dilated, his teeth biting his lips. He was firmly strapped.…


When he could look down again it was like looking down upon the crater of a small volcano. In the open garden before the Imperial castle a shuddering star of evil splendor spurted and poured up smoke and flame towards them like an accusation. They were too high to distinguish people clearly, or mark the bomb’s effect upon the building until suddenly the facade tottered and crumbled before the flare as sugar dissolves in water. The man stared for a moment, showed all his long teeth, and then staggered into the cramped standing position his straps permitted, hoisted out and bit another bomb, and sent it down after its fellow.


The explosion came this time more directly underneath the aeroplane and shot it upward edgeways. The bomb box tipped to the point of disgorgement, and the bomb-thrower was pitched forward upon the third bomb with his face close to its celluloid stud. He clutched its handles, and with a sudden gust of determination that the thing should not escape him, bit its stud. Before he could hurl it over, the monoplane was slipping sideways. Everything was falling sideways. Instinctively he gave himself up to gripping, his body holding the bomb in its place.


Then that bomb had exploded also, and steersman, thrower, and aeroplane were just flying rags and splinters of metal and drops of moisture in the air, and a third column of fire rushed eddying down upon the doomed buildings below.…
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Such was the crowning triumph of military science, the ultimate explosive that was to give the “decisive touch” to war.…


A recent historical writer has described the world of that time as one that “believed in established words and was invincibly blind to the obvious in things.” Certainly it seems now that nothing could have been more obvious to the people of the early 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.




“SOME OTHER MAN WOULD BE DOING THIS…”


One of Wells’ fictional atomic bomb inventors describes a haunting sense of the inevitability of atomic weapons as he writes about the papers on which the plans for a bomb were outlined:


“It is not for me to reach out to consequences I cannot foresee. I am a part, not a whole; I am a little instrument in the armory of Change. If I were to burn all these papers, before a score of years have passed, some other man would be doing this…”

















“If only we had been clever enough”


Austrian scientist Lise Meitner and her physicist nephew Otto Frisch conceived of nuclear “fission” while on a walk through the woods in Sweden in December 1938. In this excerpt, their story is told by one of the leading female scientists of the Manhattan Project, Leona Woods Marshall Libby, who worked closely with Enrico Fermi at the Chicago Metallurgical Laboratory.


From The Uranium People


BY LEONA MARSHALL LIBBY


In the spring of 1938, Lise Meitner, being a Jew, had to leave Berlin and went to a job offered her by Manne Siegbahn in the Nobel Institute of Stockholm. Being Austrian, she had not up until then been seriously affected by Hitler’s persecution of Jews; however, in the spring of 1938, Austria was annexed by Hitler and she had to get out of the country. Dutch colleagues smuggled her into Holland without a visa and thence to Sweden. The German team would have to carry on without her.


[Otto] Hahn and [Fritz] Strassmann continued working together and found they had to assume, from the production of so many different half-lives, that the uranium atom broke into several smaller pieces, belonging probably to elements in the region of platinum, which they thought they could fit to the chemical characteristics of the “transuranium” activities. They wrote this conclusion to Lise Meitner before their results were published in 1938.


Lise Meitner was lonely in Sweden. Her nephew, Otto Frisch, was working in Copenhagen, and he went to visit her at Christmas in 1938. He found her at breakfast, in a small hotel near Göteborg, brooding over a letter from Hahn. The letter said that barium was one of the fragments formed by neutron irradiation of uranium. Frisch remembers that “we walked up and down in the snow, I on skis and she on foot (she said and proved that she could get on just as fast that way), and gradually the idea took shape that this was no chipping nor cracking of the nucleus but rather a process to be explained by Bohr’s idea that the nucleus was like a liquid drop; such a drop might elongate and divide itself.”


Frisch wanted to discuss his plan for his next experiment, so he suggested that Hahn’s results were wrong. Lise shook her head and said that Hahn was too good a chemist to be wrong; his results must be correct, “But how can one get a nucleus of barium from one of uranium?” Frisch remembers, “We walked up and down in the snow trying to think of some explanation. Could it be that the nucleus got cleaved right across with a chisel? It seemed impossible that a neutron could act like a chisel, and anyhow, the idea of a nucleus as a solid object that could be cleaved was all wrong; a nucleus was much more like a liquid drop. Here we stopped and looked at each other.” They remembered the already classical liquid-drop model of the nucleus and imagined that a drop might get pulled out into a dumbbell shape with a waist in the middle, and then elongate more until the waist was so thin that the drop might break into two pieces. At first, they thought that the surface tension would keep on pulling it back into round, but then they sat down on a log and began to calculate from the liquid-drop model of a nucleus how much was the surface tension of a uranium nucleus containing 92 protons. Because all the protons were repelling each other by reason of their positive electric charges, they realized that the surface tension was canceled out by this electrical repulsion. The drop, necked out, would consist of two pieces that would soon begin to repel each other as elongation increased to the point of division into two separate pieces, say, barium and krypton (charges 56 and 36), or perhaps rubidium and cesium (37 and 55), as chance might have it, or zirconium and tellurium (40 and 52), and so on. Here was a plausible explanation why neutron irradiation of uranium produced so many radioactive species; namely, although the charges of the separated drops would be correct for nuclei of barium, krypton, rubidium, cesium, zirconium, tellurium, and so on, the drops would have an excess of neutrons and so would be unstable against beta-ray emissions or other radioactivity until they attained the neutron-proton ratio of stable nuclei in the periodic system. Frisch goes on to remark, “It could have been foreseen if only we had been clever enough.”


More or less, in their words, a classical picture of these new disintegration processes suggests itself. On account of their close packing and strong energy exchange, the particles in a heavy nucleus would be expected to move in a collective way that has some resemblance to the movement of a liquid drop. If the movement is made sufficiently violent by adding energy, such a drop may wiggle about until it divides itself into two smaller drops. It therefore seems possible that the uranium nucleus after neutron capture may divide itself into two nuclei of roughly equal size, the ratio of the sizes depending partly on chance; energy from the difference in stability between uranium and elements around barium would be released in an amount estimated at about 200 million electron volts (compared with natural alpha particle energies of about 5 million electron volts).


Frisch estimated how the split of electric charge would decrease the surface tension of the drop, allowing it to divide, and Meitner calculated that the energy emitted by division would be about 200 million electron volts. They spent the Christmas holidays getting the explanation straight, and then Frisch returned to Bohr’s Institute at Copenhagen and told Bohr the result just as Bohr was about to catch a ship to New York. He recalls, “I had hardly begun to tell him about Hahn’s experiments and the conclusions Lise Meitner and I had come to when he struck his forehead with his hand and exclaimed, ‘Oh, what idiots we have been! We could have foreseen it all! This is just as it must be!’ And yet even he, perhaps the greatest physicist of his time, had not foreseen it.”


How should one name this new kind of nuclear reaction? Frisch asked a biologist at the Bohr Institute what the word was for bacterial division and was told it was called fission, whereupon he took that word for the splitting of uranium upon neutron irradiation. He wrote the article about fission of uranium as deduced from Hahn’s results and read it over the telephone to Lise Meitner. “It was an expensive phone call, all the way to Sweden (from Copenhagen, about 300 miles), and it took quite a while because she had her own suggestions on how we should put matters. But in the end, we agreed about everything, and I got the article typed, ready to be sent off to the editor of Nature.”


Frisch, a refugee from Austria, had learned to read Italian so that he could follow the papers of the Fermi group closely. These papers were coming out at a rate of almost one per week in the Italian and British journals. Frisch had repeated the Italian measurements that demonstrated the slowing down of fast neutrons to room temperature by rattling around with atoms of water until, like billiard balls, they became sluggish in their movements. Considering his Christmas visit with his aunt, Lise Meitner, during the week when they figured out the theory of fission of uranium, it is interesting that in the 40 years elapsed since then, the theory of fission has advanced very little beyond what they put together that week. He says it was much a matter of chance that he was there to help her figure it out. Curiously, 3 years earlier, it was also a matter of chance that he, a refugee from the Nazis, had been present at the seminar when Niels Bohr conceived of the theory of the compound nucleus and the liquid-drop model of the nucleus. He considers it “good luck that I was there when the news came from Berlin. And it wasn’t my contribution alone, it was the result of a discussion into which Lise Meitner more or less forced me—I would much rather have talked about my own work. Also at that moment it was clear that lots of other people would have had the same idea; it wasn’t really a particularly bright idea, I feel.” And he did not follow it up in all its ramifications. Instead, “all I did was to do a simple measurement—into which I was prodded—to show that (after fission) the barium nuclei did move off as fast as expected.” He didn’t go beyond that measurement because “I had the feeling that whatever I started, I wouldn’t be able to finish a very difficult project such as finding out how many neutrons are created in fission—I didn’t even know how to tackle that.”


Instead, Frisch found a job in England at the Birmingham laboratory of Mark Oliphant to escape from the war that was fast enveloping the Continent; however, Germany declared war on England soon after Frisch reached Birmingham. He began to work on the problem of separating two isotopes of uranium—uranium-235 and uranium-238—by thermal diffusion, using a vertical tube with a hot central wire containing uranium hexafluoride gas. He and another émigré, Rudolf Peierls, computed from the success of this separation that it was entirely possible, with 100,000 such tubes, to separate a few pounds of uranium-235, enough for a bomb.






[image: image]







U.S. Department of Energy
Lise Meitner and Otto Hahn were pivotal to the discovery of nuclear fission in uranium.















“What wasn’t expected wasn’t seen!”



The news of fission spread quickly. A conference in Washington, D.C. in January 1939 introduced the subject to physicists, both American and foreign, who were in town for a regularly scheduled conference. As remembered by physicist Edward Teller, fission stole the show. Looking back on the timing of the discovery of fission, Teller ponders how the history of nuclear weapons and the world could easily have been very different.


From Memoirs: A Twentieth-Century Journey in Science and Politics


BY EDWARD TELLER


As 1939 began, I was looking forward to seeing Fermi at the fifth theoretical conference at George Washington University, scheduled for January 19–20. Much to Geo’s [George Gamow’s] and my pleasure, Niels Bohr, who had just arrived from Copenhagen to work for a few weeks at Princeton, was also going to participate in the program.


Bohr arrived at Gamow’s home late in the afternoon the day before the conference began. An hour or so later, Geo called me in agitation: “Bohr has gone crazy. He says uranium splits.” That was all of Geo’s message. Within half an hour, I realized what Bohr was talking about. If the uranium nucleus (the heaviest of the naturally occurring elements) were to split, it could split in a variety of ways. That would account for the many simultaneously produced radioactivities.


[Lise] Meitner’s question had been answered, the tool [Leo] Szilard had wished for was now available, and Nazi Germany might well develop a devastating new weapon. My sleep that night was uneasy.


The subject of the conference was low-temperature physics and superconductivity, at that time an unexplained phenomenon. But Bohr was Bohr, and news is news. So Geo opened the conference by announcing (this time politely) that Bohr had something to say. Bohr then described the work in Nazi Germany, the conclusion that fission had occurred, and the decisive confirmation of fission in Copenhagen.
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Fission was an amazing discovery. Hahn had promptly written to his friend Lise Meitner, an Austrian Jew who had been forced to leave her position at the Kaiser Wilhelm Institute only a few months before. Meitner, together with her nephew-collaborator Otto Frisch, who was in Copenhagen, immediately designed an experiment to verify the news. If uranium split in two, the fragments would move apart at high speed and lose many electrons. The highly charged fragments would deposit an unusual amount of energy in a Geiger counter (charged-particle detector). Meitner and Frisch discussed their plan with Bohr before he left Copenhagen and wired the successful result of their experiment to him on board ship. Thus he arrived in New York full of the news. Shortly afterward, he came to Washington.


Yet for all that the news was amazing, the discussion that followed Bohr’s announcement was remarkably subdued. After a few minutes of general comments, my neighbor said to me: “Perhaps we should not discuss this. Clearly something obvious has been said, and it is equally clear that the consequences will be far from obvious.” That seemed to be the tacit consensus, for we promptly returned to low-temperature physics.


That evening, Merle Tuve invited the conference participants to visit the Department of Terrestrial Magnetism. There we watched him and his collaborators demonstrate the fission of uranium in a Geiger counter. Tuve, after Bohr’s announcement, had rushed back to his laboratory and reproduced the Meitner-Frisch experiment in a few hours.


That the secret of fission had eluded everybody for all those years amazed me far more than the demonstration. In one of his experiments, Fermi had bombarded uranium with neutrons to observe the alpha particles that picked up extra energy from the neutrons. Because he carried out the experiment in a Geiger counter, the highly energetic fission fragments would have been unmistakable. But Fermi was a very careful experimenter. He covered his uranium with a thin sheet of inert material to stop the normal alpha particles (without the extra energy) in which he was not interested. That sheet also stopped the fission products, which had a short range but extremely high energy-density. Had Fermi forgotten to cover his sample even once, fission would have been discovered years earlier.


Physicist Paul Scherrer in Zurich had an even closer encounter with the discovery. He bombarded thorium (another of Szilard’s favorite substances) with neutrons and saw the fission fragments that Meitner and Frisch had identified. But Scherrer wouldn’t believe his eyes. He thought his Geiger counter was malfunctioning. What wasn’t expected wasn’t seen!


In 1939, I did not realize how fortunate it was that those slight changes in an experiment in Rome or Zurich did not occur. If fission had been discovered in 1933, work on the topic in Germany and the Soviet Union—two nations that took the military applications of science seriously—would have been well advanced by 1939. Under different conditions, the United States probably would not have been the first nation to possess nuclear explosives. Fermi, Scherrer, and Szilard, in their different ways, had a profound and beneficent influence on history.
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U.S. Department of Energy
Edward Teller worked at Los Alamos during the Manhattan Project and later was the “father of the hydrogen bomb.”















“I had come close but had missed a great discovery”



A graduate student under Ernest O. Lawrence at the University of California, Berkeley, Philip Abelson was assigned to work on the cyclotron, the prototype for the isotope separation facilities known as “calutrons” (a neologism from “California” and “cyclotron”) built at Oak Ridge, Tennessee. Because of his expertise in nuclear physics, which was then “an amateur sport,” he was quickly enlisted to work on the Manhattan Project. His most agonizing experience was learning about Lise Meitner and Otto Frisch’s discovery of fission.


From “A Graduate Student with Ernest O. Lawrence”


BY PHILIP ABELSON


Nuclear physics is now a mature science with an associated complex technology. But in the 1930s, it was an amateur sport largely played by a few score graduate students. I was one of them.


When I arrived at the Radiation Laboratory of the University of California in Berkeley in August 1935 to study under Ernest O. Lawrence, the game was already under way. Lawrence had developed the cyclotron into a powerful research tool—in many ways the best one in the world—and he had attracted to his laboratory about a score of enthusiastic graduate students and postdoctoral fellows.


I had my undergraduate training in chemistry at what is now Washington State University and received my B.S. degree in 1933. While I loved chemistry and have always enjoyed working in it, I was attracted to physics by Paul Anderson, who was head of the physics department at Washington State. He gave me a teaching assistantship in physics, and in the course of two years I earned a master’s degree in that subject. Anderson and S. T. Stephenson intervened in my behalf to place me at Berkeley. They were effective: during the dark depression days of 1935 I was the only entering out-of-state graduate student to receive a teaching assistantship in the physics department at Berkeley.


On arrival I was immediately put to work. A teaching assistant’s duties required about 15 hours a week in tutorials, laboratories and grading papers. That was easy. The all-demanding task was work on the cyclotron. At that time the instrument was scheduled to be operated 15 hours a day, 7 days a week. Breakdowns were frequent. The vacuum system was put together with beeswax and rosin. Leaks had to be found, and homemade electronic components fixed. I was scheduled to serve 30 hours a week on the cyclotron crew, but in emergencies—and there were many of those—I was expected to work day and night. I was also expected to take the usual graduate courses, study for them and for preliminary comprehensive oral exams and attend seminars while carrying out thesis research.


Despite all the demands and some downright drudgery, the Radiation Laboratory was an exciting place. The cyclotron produced a beam of 20 microamperes at an energy of 5.5 million electron volts (MeV). The periodic table of elements was available for exploration and for pioneering applications of radioactive tracers. With time, the cyclotron was improved. By 1937 the vacuum system had been changed and the energy raised to 8.0 MeV with a beam of 60 microamperes. I had the task of finding and repairing the leaks in a new all-metal vacuum chamber. By that time I was a veteran of the vacuum wars and in comparatively quick order discovered 22 leaks of successively descending magnitude.
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During the next two years, I conducted a number of irradiations of uranium with neutrons and followed the radioactive decay. The decay curves were extremely complex, even more so than those in the literature. A better method for identification of the irradiation products was obviously desirable. In 1937 [Luis] Alvarez demonstrated the existence of a K-capture process in gallium-67 followed by emission of characteristic zinc X-rays. This stimulated me to look for X-rays in the products formed by neutron irradiation of uranium. In March 1938, I found X-rays associated with a three-day sulfide precipitable product. The X-rays had an absorption coefficient not too far out of line with the interpretation that they might be L-X-rays of a transuranic element.


At that time our equipment for detecting and measuring radiation was all homemade. There were a few Geiger counters with associated scalars. Most of the laboratory staff depended on the simple Lauritsen electroscope for their measurements. The air-filled electroscope was not sensitive to X-rays. I adapted an instrument for use with methyl bromide and subsequently built an ionization chamber also filled with this gas. These tools were useful. But steeped in the belief that I was seeking to identify L-X-ray, I knew that I must have a sharper tool.


About that time Bozorth and Haworth of Bell Laboratories published a paper on a bent rock salt crystal spectrograph. Bozorth kindly furnished a 2cm x 2cm x 5cm specimen of the sodium chloride crystal, and I built a spectrograph. I leaved the crystal with a razor blade to obtain a specimen 2mm x 2cm x 5cm which I bent into an arc. (Rock salt crystal can readily be molded in a saturated salt solution.) The bent crystal was attached to a wooden holder with wax, and the combination was mounted on a wooden board. Some pieces of lead were used to shield the X-ray film detector from direct exposure to electrons and X-rays from the source. Altogether the spectrograph cost perhaps 20 cents for materials plus about four hours of a graduate student’s time, which in those days was worth about another 80 cents.


I tested my spectrograph first with X-rays from a conventional tube and then with X-rays from gallium-67. The tests showed that the spectrograph functioned satisfactorily and that identification of the “transuranic” X-rays was in principle feasible. The sole impediment was intensity. This problem could be overcome if I could extract the activity from a large enough sample of uranium after a prolonged bombardment. What was required was about 5 kilograms of uranium.


In those days the laboratory had little money, especially for graduate students. The major funds went into running and improving the cyclotron. I desperately wanted the uranium. How to get it? My stipend was $60 a month. One day I received a letter from my parents enclosing money to buy a new suit. My wife and I went to San Francisco to get it; but before we arrived at the store I saw the sign of Braun Knecht and Heiman, vendors of chemicals. The money for the suit was diverted to the purchase of uranium oxide. Alas, when I began to conduct experiments with the material, I found it contained every kind of impurity, such as soluble silica which formed an unmanageable gel in acid solution.


Ultimately, I freed the uranium of interfering impurities and was set to identify the “transuranic” X-ray when news of uranium fission broke in late January 1939.


My memories of the day that news of uranium fission came to the Berkeley Radiation Laboratory are vivid. That morning, as a member of the cyclotron crew, I was at the control console operating the machine. About 9:30 A.M. I heard the sound of running footsteps outside, and immediately afterward Alvarez burst into the laboratory. He had been in a barbershop near the campus having a haircut when he spotted an item in a newspaper that caused him to jump out of the barber’s chair and head for the laboratory on the run. He had learned that Hahn and Strassmann had identified barium as a product of uranium irradiation. Furthermore, Meitner and Frisch had explained this astounding discovery on the basis of fissioning of the heavy uranium nucleus into two fragments of roughly equal size—a process attended with the release of a large amount of energy.


When Alvarez told me the news, I almost went numb as I realized that I had come close but had missed a great discovery. During that day, other members of the laboratory, including Alvarez, prepared experiments to check on the validity of the fission process, for example, by measuring the energy liberated in a linear amplifier when uranium was exposed to neutrons.


For nearly 24 hours I remained numb, not functioning very well. The next morning I was back to normal with a plan to proceed. By the end of that day, I was able to identify the “transuranic” X-ray as being a characteristic X-ray of iodine and in another day showed that the iodine was formed by decay of a radioactive tellurium isotope.


On February 3, 1939, I sent a letter describing this work to the Physical Review. It was published February 15. As a contributor then, I admired the speed with which the editor, John T. Tate of the University of Minnesota, put my letter into print. As an editor now, I admire the brevity of the communication which is one of the shortest I have seen. It went as follows:


CLEAVAGE OF THE URANIUM NUCLEUS


We have been studying what seemed to be L X-rays from the seventy-two-hour “transuranic” element. These have now been shown by critical absorption measurements to be iodine K X-rays. The seventy-two-hour period is definitely due to tellurium as shown by chemical test, and its daughter substance of two-and-a-half-hour half-life is separated quantitatively as iodine. This seems to be an unambiguous and independent proof of Hahn’s hypothesis of the cleavage of the uranium nucleus.


—PHILIP ABELSON


University of California,


Berkeley, California,


February 3, 1939
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In May 1939, I received my Ph.D. degree, and life settled back to a more sedate pace as I began seeking a position elsewhere. In July, I accepted an offer from the Carnegie Institution of Washington to join the department of terrestrial magnetism with Merle Tuve, Lawrence Hafstad, Richard Roberts, Norman Heydenberg and George Green. Roberts, Green and I were to build a 60-inch cyclotron at the department. I was to join the department in early September. While I was traveling east by train, the news broke of Hitler’s invasion of Poland. The remainder of the journey was somber, for I wondered as did many others whether sooner or later the United States would be involved in a world war.




PAINTING THE CYCLOTRON


In 1935, I went to Berkeley as an out-of-state teaching assistant from Washington. The moment I got down to Berkeley, I went to the cyclotron library and happened to meet Ernest Lawrence. Right away he decided to put me to work—painting the cyclotron. He had some battleship gray paint and a brush and I started to paint. And much to my surprise, pretty soon Ernest Lawrence was painting, too. So between the two of us, we painted the cyclotron.


—PHILIP ABELSON
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Courtesy of AIP Emilio Segre Visual Archives
Physicists Ernest O. Lawrence (right) and M. Stanley Livingston (left) stand next to a cyclotron at the University of California, Berkeley.















Enlisting Einstein



Two Hungarian physicists who took refuge in the United States, Leo Szilard and Eugene Wigner, felt a pressing need to warn people that Nazi Germany was developing a nuclear weapon. The following excerpt describes how the two of them persuaded Albert Einstein to sign his famous letter of August 2, 1939, to President Franklin D. Roosevelt and their fateful mission, which depended in part on the directions of a seven-year-old boy and the intervention of a Wall Street financier.


From Genius in the Shadows


BY WILLIAM LANOUETTE


When Eugene Wigner came to New York from Princeton in early July, Szilard showered him with the calculations he had made for the carbon-uranium lattice. Wigner was quick to see that this might work. They were also quick to link this approach—the closest yet to a workable chain reaction—with recent news from Europe that German military expansion could easily overrun Belgium, whose colony in the Congo was then the world’s principal uranium source.


Wigner wanted to alert the Belgian government and suggested they seek advice from their former professor in Berlin, Albert Einstein. Wigner occasionally saw Einstein around the Princeton campus; to Szilard, who had worked closely with him in the 1920s and early 1930s, Einstein had reverted from colleague and counselor to a famous but remote scientist. Einstein knew the Belgian monarchs well—in his unpretentious way calling her “Queen” and addressing the royal couple as the “Kings”—so perhaps, Szilard suggested, he might alert the queen of the Belgians about the perilous importance of the Congo’s uranium. The two agreed that it was worth a try, and from his Princeton office they learned that Einstein was then at a cottage in Peconic, Long Island, owned by a friend named Dr. Moore.


Early on the morning of Wednesday, July 12, a clear and hot day, Wigner drove up to the King’s Crown Hotel in his 1936 Dodge coupe, and Szilard climbed in. The two drove out of New York across the new Triborough Bridge, passing the New York World’s Fair, whose theme “Building the World of Tomorrow” was symbolized by a 700-foot-high trylon, a tapered column rising to a point, representing “the finite,” and a 200-foot perisphere globe, representing “the infinite.”


Had Szilard and Wigner thought about it, their own drive that day had more to do with the “World of Tomorrow” than anything they passed on the fairgrounds. But their thoughts were fixed on finding Einstein’s cottage, a task demanding all their attention. First the two Hungarians confused the Indian names in their directions and drove to Patchogue, on Long Island’s south shore, instead of to Cutchogue, on the north. This detour cost them two hours, and once in Peconic, they drove around the tiny resort town asking vacationers in shorts and bathing suits the way to Dr. Moore’s cottage. No one seemed to know.


“Let’s give it up and go home,” Szilard said impatiently. “Perhaps fate intended it. We should probably be making a frightful mistake by enlisting Einstein’s help in applying to any public authorities in a matter like this. Once a government gets hold of something, it never lets go.…”


“But it’s our duty to take this step,” Wigner insisted, and he continued to drive slowly along the village’s winding roads.


“How would it be if we simply asked where around here Einstein lives?” Szilard said. “After all, every child knows him.” A sunburned boy of about seven was standing at a corner toying with a fishing rod when Szilard leaned out of the car window and asked, “Do you know where Einstein lives?”


“Of course I do,” said the lad, and he pointed the way.


Szilard and Wigner were hot, tired, and impatient by the time they found the two-story white cottage. By contrast, the sixty-year-old Einstein was relaxed and genial; he had spent the early morning sailing in a small dinghy and now greeted his former colleagues wearing a white undershirt and rolled-up white trousers. Einstein bowed courteously as they met and led his visitors through the house to a cool screened porch that overlooked a lawn. There, speaking in German and sipping iced tea, Szilard and Wigner told Einstein about their recent calculations. They explained how neutrons behave, how uranium bombarded by neutrons can split or “fission,” and how this process might create nuclear chain reactions and nuclear bombs.


“Daran habe ich gar nicht gedacht,” Einstein said slowly, pondering what he had just heard. “I haven’t thought of that at all.”


Until that summer day, Einstein had believed that atomic energy would not be released “in my time,” that it was only “theoretically possible.” Einstein had not followed recent discoveries in nuclear research for years and sought only the “time for quiet thought and reflection” needed to unravel his unified field theory of the universe. Einstein had published his famous equation E=mc2 in 1905, but only now was that simple statement’s ultimate significance clear. For even a small mass the potential energy released could be immense. Fission is the most efficient way to fulfill Einstein’s equation because it releases the energy that gives matter its form—the binding energy holding the atomic nucleus together.


Einstein’s next thought about the chain reaction was philosophical. If it works, he said, this would be the first source of energy that does not depend on the sun. Wind and solar energy are created by the sun’s heat. And fossil fuels—oil, natural gas, coal—were once created from the carbon made by the sun’s energy through photosynthesis. But releasing the binding energy of atoms was something new.


Einstein’s third reaction was political. Although he was an avowed pacifist, he agreed to sound the alarm about atomic bombs, even if it proved to be a false one, in order to beat Nazi Germany to this awesome weapon. It took a scientist of Einstein’s stature and personal conviction to take this risk, Szilard later noted. “The one thing most scientists are really afraid of is to make a fool of themselves,” Szilard reflected on the day in 1955 when Einstein died. “Einstein was free from such a fear and this above all is what made his position unique on this occasion.”


When the three agreed that they should warn the Belgians, they sat around the dining-room table as Einstein dictated to Wigner in German a letter to the Belgian ambassador in Washington. Einstein warned that it might be possible to make bombs of unimaginable power from the uranium mined in the Belgian Congo and that Germany, which at first offered uranium for sale after taking over mines in Czechoslovakia, had recently banned all exports.


Wigner wondered whether the U.S. government should also be notified, and into the afternoon Einstein and Szilard drafted a similar letter, also in German, to the secretary of state. That afternoon, they agreed to send the State Department a copy of Einstein’s letter to the Belgian ambassador, giving the department two weeks to object if they opposed the letter.
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When an “uneasy feeling about this approach” led Szilard to “talk to somebody who knew a little bit better how things were done,” he called on Dr. Gustav Stolper, a Viennese economist and publisher whom he first knew in Berlin. Stolper quickly understood Szilard’s situation and suggested approaching a friend, Dr. Alexander Sachs, who was a vice-president of the Lehman Corporation, a large Wall Street investment bank. Sachs had worked privately since 1933 as an adviser to Roosevelt’s New Deal and would surely know how to approach the government.


Szilard telephoned Sachs and soon called on him in his office at the corner of South William and Broad streets. A serious-looking man with wavy hair and thick glasses, Sachs listened intently to what Szilard said. Sachs needed little persuading; he was familiar with popular reports about uranium fission and fearful of German aggression. Einstein’s letter should not go to the Belgian royal family or a U.S. government department, Sachs said; they wouldn’t know what to do with it. It should go, instead, directly to President Roosevelt. Sachs boasted about his easy access to the White House and joined with Szilard in planning strategy. If Einstein would sign a letter, Sachs promised he would deliver it, in person, to the president. Szilard must have loved the idea.
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As Szilard began to dictate, in his crisp Hungarian-German accent, a letter to “F.D. Roosevelt, president of the United States,” [the typist Janet] Coatesworth glanced up in disbelief. And when Szilard mentioned “extremely powerful bombs,” she recalled, “that convinced me! I was sure I was working for a ‘nut.’” Amused by her reaction, Szilard dictated more and more dramatically, his face beaming with mischief and merriment. He took special glee in closing the letter “Yours very truly, Albert Einstein.” That convinced her that Szilard was deranged, a judgment he confirmed by dictating a second, even longer letter. To Roosevelt. From Einstein. Only years later did Coatesworth learn the truth about this historic session.
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“March of Time” Photo © Time Life Films, Inc., courtesy of SFM Entertainment
Albert Einstein and Leo Szilard reenact the drafting of the 1939 letter that alerted President Franklin D. Roosevelt to the urgency of an atomic bomb project.














Albert Einstein to F. D. Roosevelt


Albert Einstein, the world’s most renowned physicist and a Nobel Prize winner, had fled Germany in the 1930s. At the urging of Hungarian refugees Leo Szilard and Eugene Wigner, Einstein warned President Franklin D. Roosevelt about a possible German atomic bomb. On October 19, 1939, the President responded to Einstein, explaining that he had created a committee to investigate making an atomic bomb.




Albert Einstein


Old Grove Rd.


Nassau Point


Peconic, Long Island


August 2nd, 1939


F. D. Roosevelt,


President of the United States,


White House


Washington, D.C.


Sir:


Some recent work by E. Fermi and L. Szilard, which has been communicated to me in 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. I believe therefore that it is my duty to bring to your attention the following facts and recommendations:


In the course of the last four months it has been made probable—through the work of Joliot in France as well as Fermi and Szilard in America—that it may become possible to set up a nuclear chain reaction in a large mass of uranium by which vast amounts of power and large quantities of new radium-like elements would be generated. Now it appears almost certain that this could be achieved in the immediate future.


This 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 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.


The United States has only very poor ores of uranium in moderate quantities. There is some good ore in Canada and the former Czechoslovakia, while the most important source of uranium is Belgian Congo.


In view of this situation you may think it desirable to have some permanent contact maintained between the Administration and the group of physicists working on chain reactions in America. One possible way of achieving this might be for you to entrust with this task a person who has your confidence and who could perhaps serve in an inofficial capacity. His task might comprise the following:


a) to approach Government Departments, keep them informed of the further development, and put forward recommendations for Government action, giving particular attention to the problem of securing a supply of uranium ore for the United States.


b) to speed up the experimental work, which is at present being carried on within the limits of the budgets of University laboratories, by providing funds, if such funds be required, through his contacts with private persons who are willing to make contributions for this cause, and perhaps also by obtaining the co-operation of industrial laboratories which have the necessary equipment.


I understand that Germany has actually stopped the sale of uranium from the Czechoslovakian mines which she has taken over. That she should have taken such early action might perhaps be understood on the ground that the son of the German Under-Secretary of State, von Weizsäcker, is attached to the Kaiser-Wilhelm-Institut in Berlin where some of the American work on uranium is now being repeated.


Yours very truly,


(Albert Einstein)





President Roosevelt replied two months later with a brief note to Einstein:


The White House


Washington


October 19, 1939


My dear Professor:


I want to thank you for your recent letter and the most interesting and important enclosure.


I found this data of such import that I have convened a Board consisting of the head of the Bureau of Standards and a chosen representative of the Army and Navy to thoroughly investigate the possibilities of your suggestion regarding the element of uranium.


I am glad to say that Dr. Sachs will cooperate and work with this Committee and I feel this is the most practical and effective method of dealing with the subject.


Please accept my sincere thanks.


Very sincerely yours,


(Franklin D. Roosevelt)














A Practically Irresistible Super-Bomb


This memorandum, written in Britain in March 1940 by two leading physicists, Otto Frisch and Rudolf Peierls, was an important assessment confirming the feasibility of an atomic bomb and its impact. It also recognized that “as a weapon, the super-bomb would be practically irresistible,” and argued for developing a bomb as a “counter-threat,” even if it was not intended for attack.


From Memorandum on the Properties of a Radioactive Super-bomb


BY OTTO R. FRISCH AND RUDOLF PEIERLS


The attached detailed report concerns the possibility of constructing a “super-bomb” which utilizes the energy stored in atomic nuclei as a source of energy. The energy liberated in the explosion of such a super-bomb is about the same as that produced by the explosion of 1000 tons of dynamite. This energy is liberated in a small volume, in which it will, for an instant, produce a temperature comparable to that in the interior of the sun. The blast from such an explosion would destroy life in a wide area. The size of this area is difficult to estimate, but it will probably cover the centre of a big city.


In addition, some part of the energy set free by the bomb goes to produce radioactive substances, and these will emit very powerful and dangerous radiations. The effect of these radiations is greatest immediately after the explosion, but it decays only gradually and even for days after the explosion any person entering the affected area will be killed.


Some of this radioactivity will be carried along with the wind and will spread the contamination; several miles downwind this may kill people.


In order to produce such a bomb it is necessary to treat a few hundred pounds of uranium by a process which will separate from the uranium its light isotope (uranium-235) of which it contains about 0.7%. Methods for this separation of isotopes have recently been developed. They are slow and they have not until now been applied to uranium, whose chemical properties give rise to technical difficulties. But these difficulties are by no means insuperable. We have not sufficient experience with large-scale chemical plant to give a reliable estimate of the cost, but it is certainly not prohibitive.


It is a property of these super-bombs that there exists a “critical size” of about one pound. A quantity of separated uranium isotope that exceeds the critical amount is explosive; yet a quantity less than the critical amount is absolutely safe. The bomb would therefore be manufactured in two (or more) parts, each being less than the critical size, and in transport all danger of a premature explosion would be avoided if these parts were kept at a distance of a few inches from each other.


The bomb would be provided with a mechanism that brings the two parts together when the bomb is intended to go off. Once the parts are joined to form a block which exceeds the critical amount, the effect of the penetrating radiation always present in the atmosphere will initiate the explosion within a second or so.


The mechanism which brings the parts of the bomb together must be arranged to work fairly rapidly because of the possibility of the bomb exploding when the critical conditions have only just been reached. In this case the explosion will be far less powerful. It is never possible to exclude this altogether, but one can easily ensure that, say, one bomb out of 100 will fail in this way, and since in any case the explosion is strong enough to destroy the bomb itself, this warrant is not serious.


We do not feel competent to discuss the strategic value of such a bomb, but the following conclusions seem certain:


1. As a weapon, the super-bomb would be practically irresistible. There is no material or structure that could be expected to resist the force of the explosion. If one thinks of using the bomb for breaking through a line of fortifications, it should be kept in mind that the radioactive radiations will prevent anyone from approaching the affected territory for several days; they will equally prevent defenders from reoccupying the affected positions. The advantage would lie from the side which can determine most accurately just when it is safe to re-enter the area; this is likely to be the aggressor, who knows the location of the bomb in advance.


2. Owing to the spreading of radioactive substances with the wind, the bomb could probably not be used without killing large numbers of civilians, and this may make it unsuitable as a weapon for use by this country. (Use as a depth charge near a naval base suggests itself, but even there it is likely that it would cause great loss of civilian life by flooding and by the radioactive radiations.)


3. We have no information that the same idea has also occurred to other scientists but since all the theoretical data bearing on this problem are published, it is quite conceivable that Germany is, in fact, developing this weapon. Whether this is the case is difficult to find out, since the plant for the separation of isotopes need not be of such a size as to attract attention. Information that could be helpful in this respect would be data about the exploitation of the uranium mines under German control (mainly in Czechoslovakia) and about any recent German purchases of uranium abroad. It is likely that the plant would be controlled by Dr. K. Clusius (Professor of Physical Chemistry in Munich University), the inventor of the best method for separating isotopes, and therefore information as to his whereabouts and status might also give an important clue. At the same time it is quite possible that nobody in Germany has yet realized that the separation of the uranium isotopes would make the construction of a super-bomb possible. Hence it is of extreme importance to keep this report secret since any rumour about the connection between uranium separation and a super-bomb may set German scientists thinking along the right lines.


4. If one works on the assumption that Germany is, or will be, in the possession of this weapon, it must be realized that no shelters are available that would be effective and could be used on a large scale. The most effective reply would be a counter-threat with a similar bomb. Therefore it seems to us important to start production as soon and as rapidly as possible, even if it is not intended to use the bomb as a means of attack. Since the separation of the necessary amount of uranium is, in the most favourable circumstances, a matter of several months, it would obviously be too late to start production when such a bomb is known to be in the hands of Germany, and the matter seems, therefore, very urgent.


5. As a measure of precaution, it is important to have detection squads available in order to deal with the radioactive effects of such a bomb. Their task would be to approach the danger zone with measuring instruments, to determine the extent and probable duration of the danger and to prevent people from entering the danger zone. This is vital since the radiations kill instantly only in very strong doses whereas weaker doses produce delayed effects and hence near the edges of the danger zone people would have no warning until it was too late. For their own protection, the detection squads would enter the danger zone in motor-cars or aeroplanes which would be armoured with lead plates, which absorb most of the dangerous radiation. The cabin would have to be hermetically sealed and oxygen carried in cylinders because of the danger from contaminated air. The detection staff would have to know exactly the greatest dose of radiation to which a human being can be exposed safely for a short time. This safety limit is not at present known with sufficient accuracy and further biological research for this purpose is urgently required.


As regards to the reliability of the conclusions outlined above, it may be said that they are not based on direct experiments, since nobody has ever yet built a super-bomb, but they are mostly based on facts, which by recent research in nuclear physics, have been very safely established. The only uncertainty concerns the critical size for the bomb. We are fairly confident that the critical size is roughly a pound or so, but for this estimate we have to rely on certain theoretical ideas which have not been positively confirmed. If the critical size were appreciably larger than we believe it to be, the technical difficulties in the way of constructing the bomb would be enhanced. The point can be definitely settled as soon as a small amount of uranium has been separated, and we think in view of the importance of the matter immediate steps should be taken to reach at least this stage; meanwhile it is also possible to carry out certain experiments which, while they cannot settle the question with absolute finality, could, if their result were positive, give strong support to our conclusions.















Working for Otto Frisch



J. Wechsler waited in alphabetical order alongside the other new Army recruits for job placement at Los Alamos. Once inside, he had “a very strange job interview.” Curious about his new boss, Wechsler recalls looking up his name in Who’s Who in Physics.


From AHF Oral Histories


INTERVIEW WITH J. WECHSLER


The Ws are pretty far down the alphabet and I became a little concerned that all the good jobs might disappear. But they finally got to me and I went inside. The person who was interviewing me had a pretty heavy Austrian accent. He asked me about what I like to do. He asked me if I liked music. I told him I played the piano and the trombone and he seemed very interested in that.


I thought that this was a very strange job interview. He asked me what kind of pieces I like to play on the piano. I had not been playing much since I joined the army but I told him some of the things I liked. Then he talked about interests I had in technical things. I was kind of intrigued with him but I was not sure who he was.


Finally he said, “You’re going to work with me. You should be back tomorrow. There will be instructions for you when you show up at the gate.” I was done with my interview. I wasn’t sure what I was getting into or what I would be doing.


The only thing I knew was that the name of my new boss was Otto Frisch. I asked some others who this fellow was and someone suggested, “You probably have access to the technical library. Why don’t you go over and find out who Otto Frisch is?” That seemed like a pretty good idea so I headed over there.


I looked up the Who’s Who in Physics and found Otto’s name. I read what he was known for in physics and got very, very impressed.


Back at the laboratory the next day, I was sitting there at my bench looking at Otto. He looked up all of a sudden and said, “What are you looking at?”


I said, “I’m looking at you.”


“Why are you looking at me?”


“Well, I know who you are.”


He said, “I told you who I was.”


“Yeah, but I think I know what we are doing and I think I know what this piece of junk is here that I am working on.”


And he said, “Well, if you think you know what we are doing, you had better get back to work.”


That was my introduction to the field of weapons. It turned out I was working on a large fission chamber which had been modified. Otto told me later he had originally worked on it in Denmark, shipped it to England with him and then over here to Los Alamos. He had had all kinds of people working on it but it had never quite worked right. He said, “You have a challenge.” I modified the monstrosity and within a week, I had it working. Otto was mighty impressed and started suggesting other things we would work on.


Otto had so many ideas and regardless of the problem, he could think of a way of approaching it. While he was a great pianist, he was not really skilled with his hands. He wanted me to bounce ideas off of and to be his hands. Although I only worked with Otto for four months, we became very close friends.




THE MAUD BEHIND THE MAUD COMMITTEE


The name “MAUD,” adopted as the code name for the British committee looking into the feasibility of producing an atomic bomb, is actually not an acronym. Instead, “Maud” is the name of a former governess employed by Danish physicist Niels Bohr. After Germany occupied Denmark in April 1940, Bohr sent a telegram to his former colleague Otto Frisch in England that ended with instructions to pass his words along to “Maud Ray, Kent.” Mistakenly thinking that “Maud” was a cryptic reference to something related to their work, the committee called itself the “M. A. U. D. [or MAUD] Committee.” Not until after the war was Maud Ray identified as the Bohrs’ governess.


















Likely to Lead to Decisive Results



The Maud Report was a progress report drafted by James Chadwick on the British “Tube Alloy” project to determine the feasibility of an atomic bomb. Predicting that uranium bombs could be constructed in time for use in World War II, the report recommends collaborating with the Americans to develop such a weapon “with the highest priority.”


From Report on the Use of Uranium for a Bomb, Outline of Present Knowledge


BY THE MAUD COMMITTEE, MARCH 1941


1. General Statement


Work to investigate the possibilities of utilizing the atomic energy of uranium for military purposes has been in progress since 1939, and a stage has now been reached when it seems desirable to report progress.


We should like to emphasize at the beginning of this report that we entered the project with more skepticism than belief, though we felt it was a matter which had to be investigated. As we proceeded we became more and more convinced that release of atomic energy on a large scale is possible and that conditions can be chosen which would make it a very powerful weapon of war. We have now reached the conclusion that it will be possible to make an effective uranium bomb which, containing some 25 lb of active material, would be equivalent as regards destructive effect to 1,800 tons of T.N.T. and would also release large quantities of radioactive substance, which would make places near to where the bomb exploded dangerous to human life for a long period. The bomb would be composed of an active constituent (referred to in what follows as 235U) present to the extent of about a part in 140 in ordinary Uranium. Owing to the very small difference in properties (other than explosive) between this substance and the rest of the Uranium, its extraction is a matter of great difficulty and a plant to produce 2–4 lb (1 kg) per day (or 3 bombs per month) is estimated to cost approximately £5,000,000, of which sum a considerable proportion would be spent on engineering, requiring labour of the same highly skilled character as is needed for making turbines.


In spite of this very large expenditure we consider that the destructive effect, both material and moral, is so great that every effort should be made to produce bombs of this kind. As regards the time required, Imperial Chemical Industries after consultation with Dr. Guy of Metropolitan-Vickers, estimate that the material for the first bomb could be ready by the end of 1943. This of course assumes that no major difficulty of an entirely unforeseen character arises. Dr. Ferguson of Woolwich estimates that the time required to work out the method of producing high velocities required for fusing (see paragraph 3) is 1–2 months. As this could be done concurrently with the production of the material no further delay is to be anticipated on this score. Even if the war should end before the bombs are ready the effort would not be wasted, except in the unlikely event of complete disarmament, since no nation would care to risk being caught without a weapon of such decisive possibilities.


We know that Germany has taken a great deal of trouble to secure supplies of the substance known as heavy water. In the earlier stages we thought that this substance might be of great importance for our work. It appears in fact that its usefulness in the release of atomic energy is limited to processes which are not likely to be of immediate war value, but the Germans may by now have realized this, and it may be mentioned that the lines on which we are now working are such as would be likely to suggest themselves to any capable physicist.


By far the largest supplies of uranium are in Canada and the Belgian Congo, and since it has been actively looked for because of the radium which accompanies it, it is unlikely that any considerable quantities exist which are unknown except possibly in unexplored regions.


2. Principle Involved


This type of bomb is possible because of the enormous store of energy resident in atoms and because of the special properties of the active constituent of uranium. The explosion is very different in its mechanism from the ordinary chemical explosion, for it can occur only if the quantity of 235U is greater than a certain critical amount. Quantities of the material less than the critical amount are quite stable. Such quantities are therefore perfectly safe and this is a point which we wish to emphasize. On the other hand, if the amount of material exceeds the critical value it is unstable and a reaction will develop and multiply itself with enormous rapidity, resulting in an explosion of unprecedented violence. Thus all that is necessary to detonate the bomb is to bring together two pieces of the active material each less than the critical size but which when in contact form a mass exceeding it.


3. Method of Fusing


In order to achieve the greatest efficiency in an explosion of this type, it is necessary to bring the two halves together at high velocity and it is proposed to do this by firing them together with charges of ordinary explosive in a form of double gun.


The weight of this gun will of course greatly exceed the weight of the bomb itself, but should not be more than 1 ton, and it would certainly be within the carrying capacity of a modern bomber. It is suggested that the bomb (contained in the gun) should be dropped by parachute and the gun should be fired by means of a percussion device when it hits the ground. The time of drop can be made long enough to allow the aeroplane to escape from the danger zone, and as this is very large, great accuracy of aim is not required.


4. Probable Effect


The best estimate of the kind of damage likely to be produced by the explosion of 1,800 tons of T.N.T. is afforded by the great explosion at Halifax N.S. in 1917. The following account is from the History of Explosives. “The ship contained 450,000 lb. of T.N.T., 122,960 lb. of guncotton, and 4,661,794 lb. of picric acid wet and dry, making a total of 5,234,754 lb. The zone of the explosion extended for about ¾ mile in every direction and in this zone the destruction was almost complete. Severe structural damage extended generally for a radius of 1⅛ to 1¼ miles, and in one direction up to 1¾ miles from the origin. Missiles were projected to 3–4 miles, window glass broken up to 10 miles generally, and in one instance up to 61 miles.”


In considering this description it is to be remembered that part of the explosives cargo was situated below water level and part above.


5. Preparation of Material and Cost


We have considered in great detail the possible methods of extracting the 235U from ordinary uranium and have made a number of experiments. The scheme which we recommend is described in Part 11 of this report and in greater detail in Appendix IV. It involves essentially the gaseous diffusion of a compound of uranium through gauzes of very fine mesh.


In the estimates of size and cost which accompany this report, we have only assumed types of gauze which are at present in existence. It is probable that a comparatively small amount of development would enable gauzes of smaller mesh to be made and this would allow the construction of a somewhat smaller and consequently cheaper separation plant for the same output.


Although the cost per lb. of this explosive is so great it compares very favourably with ordinary explosives when reckoned in terms of energy released and damage done. It is, in fact considerably cheaper, but the points which we regard as of overwhelming importance are the concentrated destruction which it would produce, the large moral effect, and the saving in air effort the use of this substance would allow, as compared with bombing with ordinary explosives.


6. Discussion


One outstanding difficulty of the scheme is that the main principle cannot be tested on a small scale. Even to produce a bomb of the minimum critical size would involve a great expenditure of time and money. We are however convinced that the principle is correct, and whilst there is still some uncertainty as to the critical size it is most unlikely that the best estimate we can make is so far in error as to invalidate the general conclusions. We feel that the present evidence is sufficient to justify the scheme being strongly pressed.


As regards the manufacture of the 235U we have gone nearly as far as we can on a laboratory scale. The principle of the method is certain, and the application does not appear unduly difficult as a piece of chemical engineering. The need to work on a larger scale is now very apparent and we are beginning to have difficulty in finding the necessary scientific personnel. Further, if the weapon is to be available in say two years from now, it is necessary to start plans for the erection of a factory, though no really large expenditure will be needed till the 20-stage model has been tested. It is also important to begin training men who can ultimately act as supervisors of the manufacture. There are a number of auxiliary pieces of apparatus to be developed, such as those for measuring the concentration of the 235U. In addition, work on a fairly large scale is needed to develop the chemical side for the production in bulk of uranium hexafluoride, the gaseous compound we propose to use.


It will be seen from the foregoing that a stage in the work has now been reached at which it is important that a decision should be made as to whether the work is to be continued on the increasing scale which would be necessary if we are to hope for it as an effective weapon for this war. Any considerable delay now would retard by an equivalent amount the date by which the weapon could come into effect.


7. Action in U.S.


We are informed that while the Americans are working on the uranium problem the bulk of their effort has been directed to the production of energy, as discussed in our report on uranium as a source of power, rather than to the production of a bomb. We are in fact cooperating with the United States to the extent of exchanging information, and they have undertaken one or two pieces of laboratory work for us. We feel that it is important and desirable that development work should proceed on both sides of the Atlantic irrespective of where it may be finally decided to locate the plant for separating the 235U, and for this purpose it seems desirable that certain members of the committee should visit the United States. We are informed that such a visit would be welcomed by the members of the United States committees which are dealing with this matter.


8. Conclusions and Recommendations


(i) The committee considers that the scheme for a uranium bomb is practicable and likely to lead to decisive results in the war.


(ii) It recommends that this work be continued on the highest priority and on the increasing scale necessary to obtain the weapon in the shortest possible time.


(iii) That the present collaboration with America should be continued and extended especially in the region of experimental work.
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