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“Science is made by men, a self-evident fact that is far too often forgotten.”


—Werner Heisenberg


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


—J. Robert Oppenheimer
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AUTHOR’S NOTE



To watch the bombers come off the production line at Ford Motor Company’s Willow Run was to be awed, hour by passing hour, with the unbeatable industrial war machine America developed to win World War II. Willow Run opened just two months before the attack on Pearl Harbor in 1941, before America was in the war but as officials and leaders came to understand that it wouldn’t be long before the country was called to combat. It stretched across nearly seven million square feet, each of which had been carefully organized and custom-built to make bombers with all the precision and speed that Henry Ford’s automobile factories were known for. There were eleven major assembly lines and sixty-nine smaller ones, each stage of manufacturing and construction joining together like streams into an ever-larger and onrushing river that poured bombers out faster than anyone had ever imagined possible. Throughout the factory floor, it was often women, working a prescribed fifty-four-hour week, who put together the 300,000 rivets required for each bomber; one of those workers at Willow Run, Rose Will Monroe, would be among the women forever immortalized as “Rosie the Riveter.”


The result of this carefully choreographed industrial ballet was that a new bomber rolled out of the plant every sixty-three minutes, the start of a long journey to the front lines of Europe and the Pacific. And Willow Run was just one plant making one kind of bomber. All told, the United States manufactured about 50,000 bombers for action in World War II—some 18,000 B-24s, as well as about 12,700 B-17s, nearly 10,000 B-25s, 5,200 B-26s, and, toward the war’s end, nearly 4,000 B-29s. Those 50,000 planes took to the skies filled with crews of brave—and often scared—young men (and, at home, female army pilots knowns as WASPs), dashingly and romantically dressed in leather jackets and scarves that would make them instant fashion icons. The romance, though, mostly existed only in one’s imagination: The life expectancy of these aircrews in combat was often short. From 1942 onward, their bombs rained down with an almost unending and inescapable ferocity on Axis positions, ships, and equipment, including some 656,400 tons of bombs on Japanese targets in the Pacific and, with the help of the Royal Air Force, some 2.7 million tons of bombs on Europe. Entire cities, like Dresden and Tokyo, burned in single nights. Many of these aerial angels of death were adorned with playful names, mascots, and painted pinup girls. But in the end, history remembers the name of just two of those 50,000 planes: the Enola Gay and Bockscar.


We remember those two planes not because of how many bombs they dropped, but because of how few. One mission each, one bomb each, dropped on two different cities, three days apart in the final week of the final theater of the war. Those bombs, too, had names now also forever etched in history: “Fat Man” and “Little Boy.” Globally, World War II killed upward of sixty million people—the National World War II Museum estimates the toll at 15 million combatants and 45 million civilians—and it was a war filled with horrors that continue to echo across history: the Bataan Death March, the Tokyo firebombings, the siege of Stalingrad, and the six million Jewish victims dead in Europe from the Holocaust. But the atomic bombs—weapons that killed a hundred thousand people faster than a human could react to the flash of the explosion—are not mere history. They announced the beginning of a new postwar atomic era that remains present and threatening to our daily life eight decades later.


The making of those two bombs stands as one of humanity’s most monumental achievements—a project conducted completely in secrecy, under immense time pressure, that delivered to the earth a never-before-seen source of tremendous energy. It was a technology that would transform the politics and geopolitics of our world. As the head of the US science effort Vannevar Bush concluded, “The merging of efforts of science, engineering, technology, industry, labor, finance, and the military brought about the atomic bomb. In scale relative to the scale of its time, the building of the Pyramids offers a possible comparison.”


While World War II was fought in places like Guadalcanal, El Alamein, and Bastogne, in the skies over Britain, Germany, and Japan, and in the seas of the North Atlantic, Midway, and Leyte Gulf, the war was won in factories like Willow Run and in laboratories at Bletchley Park, MIT, Los Alamos, and the University of Chicago, where inventions like radar, the proximity fuse, and the atomic bomb were created and advances made in meteorology, computers, and physics. Robert Furman, an engineer on the Manhattan Project, reflected decades later, “Although World War II was a big military operation—with perhaps eleven million men and women in uniform before it was over—it was equally a scientists’ and mathematicians’ war.”


It is one of the great ironies of World War II that the weapon that would end the war with Japan was rooted firmly in the rise of the Third Reich. The story of the building of those atomic bombs began long before World War II, as teams of physicists in the US and Europe raced to unlock the secrets of the atom in the 1920s and 1930s—a small group of visionary scientists, who understood the massive destructive potential of their discoveries long before any government or military did. It was Hitler’s purge and persecution of Jews that led to a flood of refugee talent departing Europe and, specifically, a group of groundbreaking physicists who had been busy inventing a new atomic science decamping for schools in the US, putting them in the right places at the right times to participate in something called the Manhattan Project. Together they formed perhaps the most talented group of scientists who have ever come together for a single purpose in world history. Having fled fascism and seen its evils up close, many also knew the esteemed scientists—led by the giant Werner Heisenberg—who would be working on the same questions in Nazi Germany, and were terrified by the consequences if Adolf Hitler unlocked the bomb’s mysteries first. They woke each day in an all-out fearful race to preserve freedom and democracy.


* * *


Set on a stage as large as World War II, it’s easy to lose sight that all of this—the brutality of war, the puzzle of grand strategy, the mystery of science, the advance of technology—was being lived through the individual lives and experiences of scientists, soldiers, sailors, and civilians. This oral history of the road to the atomic bomb and its first (and thus far, only) horrifying use on the cities of Hiroshima and Nagasaki, two cities specially “saved” by US war planners from earlier bombing missions to better demonstrate the monstrosity of the split atom, is meant to capture that human-level experience.


Today, the Manhattan Project stands as instant shorthand for ambition, audacity, and daring—when Covid hit in 2020, US officials immediately turned to the moniker to capture the race to build a vaccine, and more recently there have been calls by Congress for a “Manhattan Project–style” effort around artificial intelligence, semiconductor chips, and other pressing scientific challenges. And yet what continues to capture our fascination with “the” Manhattan Project is that there has never been an effort like it before or since. There is no doubt that its short three-year life from 1942 to 1945 forever transformed warfare and the world. As project director General Leslie Groves wrote, “There has never been an improvement in weapons comparable in degree and in sudden impact to the atomic bomb. In the case of other developments, such as explosives, the airplane, the tank, long-range artillery, armor-clad warships, submarines, and even rifles, it took years, if not decades and centuries, after their first use for their revolutionary influence upon warfare to be felt. In the case of the atomic bomb it took only a few hours.”


The project was indeed every bit as audacious as popular memory now imagines—a crash wartime effort spread across a dozen key locations around the country, with whole new cities and facilities carved out of mountains and deserts to employ hundreds of thousands of people, scientists and engineers discovering new elements and fundamental rules of the universe and inventing new technologies in a matter of just weeks and months in the hope of building a bomb more powerful than any before out of materials that at the start of the war existed only in microscopic amounts, and all of it, from the cities to the science to the people, classified and cloaked in silence and mystery so total that the spouses of the key participants only learned the reality of the effort when it was announced on the radio by President Truman on August 6, 1945. Much of the crew of the Enola Gay learned the word “atom” only as the bomb was being loaded aboard. As its pilot, Col. Paul W. Tibbets, reflected, “The atom bomb was probably the best-kept military secret since a handful of Greek soldiers got inside the gates of Troy in the belly of a wooden horse.”


This is not meant to be a comprehensive history of the war with Japan nor a technical explanation of nuclear fission or the atomic bomb—great books by Stephane Groueff, Lansing Lamont, Richard Rhodes, and others have already trod that ground—nor is it meant to be a detailed character study of the fascinating personalities who assembled under the umbrella of the Manhattan Project, again well-trod ground by writers like Kai Bird and Martin J. Sherwin in their magisterial biography of J. Robert Oppenheimer, American Prometheus. I have in certain instances streamlined the nuclear science and the twists and turns engaged in the development of the atomic bombs, skipping over certain tangential experiments, dead ends, cul-de-sacs, and red herrings to focus primarily on the main (and ultimately successful) projects.* Instead, this is the story of the daring square-dancing, pottery-buying, graphite-dust-covered, mutton-eating, poker-playing men and women who made the bombs a reality and the adventurous lives they lived against the backdrop of one of the grandest stages and highest-stakes projects in world history.


Many of these events unfolded simultaneously or near simultaneously across the 1930s and 1940s, but in order to keep the narrative straight, I have generally tended to keep geographic or thematic comments together as these parallel stories unfurl.


To assemble this oral history, I mined more than a hundred books and dozens of archives on multiple continents that contain thousands of personal memories. Altogether, the preliminary draft stretched to more than 1.4 million words of quotations, reports, testimony, and firsthand accounts, ranging from large-scale oral history projects, science memoirs, Nobel Prize lectures, and recollections from military reunions, to government reports and letters from bomb survivors in Hiroshima and Nagasaki, as well as the 1,000-page transcript of the Atomic Energy Commission’s infamous 1954 security hearing focused on J. Robert Oppenheimer. Despite the eighty-year remove from the events that follow, parts of this story continue to emerge—sections of the Oppenheimer hearing were finally declassified only in 2014, and the first news reports from Nagasaki by American journalist George Weller, lost to history for decades, were uncovered only in the early 2000s.† Throughout, I have edited quotations and memories for clarity and concision, clarifying antecedents and fixing verb tenses, standardized and Westernized spelling and names, and clarified certain misremembered details for historical accuracy.


A full guide to the quote sourcing is included at the back of the book, allowing interested readers to understand how I’ve woven together the roughly 500 voices included in this book into a grand symphony to tell a fresh story of the Manhattan Project and the end of the war with Japan. Many of the underlying sources and first-person memoirs that I’ve drawn upon are wonderful and fascinating reads on their own, although most are long out of print. But taken together, their memories create a vast tapestry larger and more all-encompassing than any one of the first-person testimonies could witness at the time on their own and, in this new context, even richer in their implications.


For the most part, I’ve chosen to identify individuals by the name and position they held during the period they’re discussing. However, I have generally not provided specific titles and affiliations for the few dozen core scientists of the Manhattan Project that you will come to know in the pages ahead. They shifted repeatedly and often in short order during the course of the multidecade story, flipping from one university to another one year to the next, and in the war, from one lab to another depending even on the month. Similarly, among the military, wartime promotions or unit transfers were frequent, and for some figures, like Colonel Tibbets and other members of the B-29 crews of that 509th Composite Group, I’ve generally chosen the rank they held at the time of the bombings in August 1945 for consistency in identification. For most workers in the sprawling Manhattan Project labs and factories, I’ve generally identified them by occupation rather than precise hierarchy or job title.


* * *


Pregnant throughout this book is the debate that the US, Japan, the world, historians, and military strategists remain locked in today, a debate that will never be fully settled, about the morality and necessity of the use of the atomic bombs and the total war that engulfed the Pacific in the final months of the conflict in 1945. Was Japan ready to surrender soon anyway? Was the second bomb used on Nagasaki necessary at all? Did the atomic bombs save more lives than they took in the cold calculation of war—and, if so, does that make their use against large civilian populations any more acceptable? How much of the US calculus on using the bomb was less about Japan than about Russia and the coming conflict of the Cold War?


Of course, by the time the atom bomb arrived, the war in Europe was over, but the conclusion of the war with Japan appeared still distant. Since 1942, the US and its allies had marched steadily up the islands of the Pacific, drawing ever closer to Japan, reversing its imperial ambitions, and dismantling its fearsome navy one battle, one torpedo, and one bomb at a time. Every inch of scores of Pacific islands—with names like Tarawa, Peleliu, Iwo Jima, and Okinawa, now forever evocative of heroism—was paid for in American blood. It’s easy to forget how costly those final stages of the Pacific campaign were—and how, in the summer of 1945, the war appeared as if it would stretch not just weeks or months, but a year or more ahead. In fact, during just the first three months of Harry Truman’s presidency, the US suffered roughly half the casualties that it had in the Pacific since Pearl Harbor. The cost of the war in Japan was no less; entire cities were being burned in single fiery bombing missions, and as the US naval blockade tightened on a country that imported vast energy and food resources, some 200,000 Japanese civilians were starving to death each month.


World War II was a conflict that shattered the lines of morality and the traditional divides in warfare between civilians and combatants; as James D. Hornfischer, one of the premier modern scholars of the conflict, wrote, “The question of morality in warfare is vexing. Is there a moral way to kill someone? Is a bullet preferable to starvation, starvation to incineration?” The ebb and flow of that debate surely has influenced some of the memories captured by the participants over the years; many of the memories of the 509th Composite Group, the Army Air Force unit that delivered the bombs to Japan, and others were gathered after history took a strong turn against the bombing in the 1980s and 1990s, and controversy erupted over the display of the Enola Gay at the Smithsonian Institution.


We will as a society surely never satisfy the what-ifs and could-have-beens, though recent scholarship by historians like Evan Thomas in his book Road to Surrender has made a convincing case that hard-liners in the Japanese government were not anywhere close to surrender even after the second bomb; in fact, a military coup unfolded in the Imperial Palace the night before the surrender was announced, with troops rushing unsuccessfully to uncover and destroy the emperor’s recorded announcement.


Regardless of the ultimate moral calculation to use atomic weapons, the result of those twin bombings in August 1945 was so horrific that the world has sought to avoid ever using these terrible weapons again. Even so, the US, the Soviet Union, and a dozen other countries pursued building tens of thousands of weapons many times more powerful than those dropped on Japan. Today, several thousand nuclear weapons remain on constant alert, hidden in missile silos and submarines beneath the ocean, ready to annihilate most life on our planet in thirty minutes or fewer at the personal order of the US or Russian president. Eighty years into the nuclear age, there is still no check or balance nor second opinion necessary to issue this world-ending order by these two presidents. Any study of modern postwar history makes clear that we have avoided global nuclear war since as much by luck as by skill.


The bombings of Hiroshima and Nagasaki now belong almost entirely to history. Captain Charles D. “Don” Albury, the last surviving crew member to see both bombings, died in May 2009. But the quest to ensure our world’s safety and remove these awful weapons from our planet continues to this day, a quest particularly inspired and driven by the survivors of the bombings in Hiroshima and Nagasaki, known as “Hibakusha.” In 2024, Nihon Hidankyo, the Japan Confederation of A- and H-Bomb Sufferers Organizations, won the Nobel Peace Prize for their ongoing work to ensure that they are the last to suffer the consequences of an atomic or thermonuclear bomb.


On August 12, three days after the second atomic bomb was dropped on Nagasaki, while all of the Pacific Theater waited anxiously for word that Japan was prepared to finally surrender, a B-29 radio operator named Richard Nelson sat down on the lush Marianas island of Tinian to write his parents. He had an update he wanted to share: “We finally named our airplane. Colonel Tibbets named it after his mother. It is called Enola Gay.” Then, he added a second thought before signing his letter, “all my love, Rich.” “Perhaps,” he wrote, “by the time this gets there, you will also have heard of our ship.”


Indeed, by the time the letter arrived in Los Angeles, California, they had—and it’s a name, one of two, that the world will never forget even long after the last witnesses of that day pass.










Foreword



DAWN AT TRINITY
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The “gadget” sits at the Trinity test site.


Laura Fermi, spouse of physicist Enrico Fermi: Early in July men had started to disappear from the mesa and the word “Trinity” had floated with insistence in the air. By July 15, nobody who was anybody was left in Los Alamos—wives excepted, of course.


Otto R. Frisch, physicist, British delegation to the Manhattan Project: We all went in cars and buses to the test site, code-named “Trinity” in the desert near Alamogordo, also known as El Jornado del Muerte, Spanish for the Journey of Death.


William L. Laurence, reporter, The New York Times: I had been with the Atomic Bomb Project a little over two months. I had visited all the secret plants, which at that time no one mentioned by name—Oak Ridge, Hanford, Los Alamos; the Martian laboratories at Columbia, Chicago, and California universities. I had seen things no human eye had ever seen before, things that no one had ever thought possible. I had watched men work with heaps of Uranium-235 and plutonium great enough to blow any city off the map. I had prepared scores of reports on what I had seen—every one of them marked “Top Secret” and locked in a special top-secret safe.*


Otto R. Frisch: A steel tower, about a hundred feet tall, had been constructed to carry the explosive device. When it finally arrived and was being hoisted to the top I was standing there with George Kistiakowsky—our top expert on explosives—at the bottom of the tower. “How far,” I asked him, “do we have to be for safety in case it went off?” “Oh,” he said, “probably about ten miles.” “So on that case,” I said, “we might as well stay and watch the fun.”


William L. Laurence: The bomb was set on a structural steel tower one hundred feet high. Ten miles away to the southwest was the base camp. This was H.Q. for the scientific high command, of which Professor Kenneth T. Bainbridge of Harvard University was field commander. Here were erected barracks to serve as living-quarters for the scientists, a mess hall, a commissary, a post exchange, and other buildings. Here the vanguard of the atomists, headed by Professor J. R. Oppenheimer of the University of California, scientific director of the Atomic Bomb Project, lived like soldiers at the front, supervising the enormously complicated details involved in the epoch-making tests.


Here early that Sunday afternoon had gathered Major General Leslie R. Groves, commander-in-chief of the Atomic Bomb Project; Brigadier-General T. F. Farrell, hero of World War I, General Groves’s deputy; Professor Enrico Fermi, Nobel Prize winner and one of the leaders in the project; President James Bryant Conant of Harvard; Dr. Vannevar Bush, director of the Office of Scientific Research and Development; Dean Richard C. Tolman of the California Institute of Technology; Professor R. F. Bacher of Cornell; Colonel Stafford L. Warren, University of Rochester radiologist; and about a hundred and fifty other leaders in the atomic bomb program.


Maj. Gen. Leslie Groves, director, Manhattan Project: After arriving at the Alamogordo base camp on July 15, a brief review of the situation with Oppenheimer revealed that we might be in trouble. The bomb had been assembled and placed at the top of its hundred-foot-high steel tower, but the weather was distinctly unfavorable.
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The bomb is loaded atop the test tower.


Kenneth T. Bainbridge, director, Trinity Test Site: The weather prognosis was poor.


Maj. Gen. Leslie Groves: The weather that evening was quite blustery and misty, with some rain.


William L. Laurence: Base Camp was a dry, abandoned reservoir, about 500 feet square, surrounded by a mound of earth about eight feet high. Within this mound bulldozers dug a series of slit trenches, each about three feet deep, seven feet wide, and twenty-five feet long. Three other posts had been established, south, north, and west of Zero, each at a distance of 10,000 yards. These were known, respectively, as S-10, N-10, and W-10. Here the shelters were much more elaborate—wooden structures, their walls reinforced by cement, buried under a massive layer of earth. S-10 was the control center. Here Professor Oppenheimer, as scientific commander-in-chief, and his field commander, Professor Bainbridge, issued orders and synchronized the activities of the other sites.


Maj. Gen. Leslie Groves: There was an air of excitement at the camp that I did not like, for this was a time when calm deliberation was most essential. Many of Oppenheimer’s advisers at the base camp were urging that the test be postponed for at least twenty-four hours. I felt that no sound decision could ever be reached amidst such confusion, so I took Oppenheimer into an office that had been set up for him in the base camp, where we could discuss matters quietly and calmly.


Edward Teller, theoretical physicist, Los Alamos Lab: Rain—in the desert in July!


Maj. Gen. Leslie Groves: I had become a bit annoyed with Fermi when he suddenly offered to take wagers from his fellow scientists on whether or not the bomb would ignite the atmosphere, and if so, whether it would merely destroy New Mexico or destroy the world. He had also said that after all it wouldn’t make any difference whether the bomb went off or not because it would still have been a well worthwhile scientific experiment. For if it did fail to go off, we would have proved that an atomic explosion was not possible. Afterward, I realized that his talk had served to smooth down the frayed nerves and ease the tension of the people at the base camp, and I have always thought that this was his conscious purpose. Certainly, he himself showed no signs of tension that I could see.


Kenneth T. Bainbridge: The first possible time for the detonation of the real bomb had been set for 2 a.m. July 16, and the Arming Party was scheduled to arrive at Point Zero—the tower supporting the bomb—before 11 p.m. July 15. At that hour, Don Hornig would connect the cables to the bomb and detach the detonating unit used in rehearsals.


Berlyn Brixner, optical engineer and photographer, Los Alamos Lab: July 16, 1945, came.


Maj. Gen. Leslie Groves: Oppenheimer and I agreed to meet again at 1 a.m., and to review the situation then. I urged Oppenheimer to go to bed and to get some sleep, or at least to take a rest, and I set the example by doing so myself. Oppenheimer did not accept my advice and remained awake—I imagine constantly worrying.


Boyce McDaniel, physicist, Los Alamos Lab: When I heard of the delay, I went back to the barracks to try to catch a little nap. That was a fruitless endeavor. To sleep during the excitement was impossible. I finally arose and went outside to check on the weather. It was still drizzly and overcast. I could hear one of the observation planes above the clouds trying to locate the site.


Brig. Gen. Thomas F. Farrell, chief of field operations, Manhattan Project: For some hectic two hours preceding the blast, General Groves stayed with the Director, walking with him and steadying his tense excitement. Every time the Director would be about to explode because of some untoward happening, General Groves would take him off and walk with him in the rain, counselling with him and reassuring him that everything would be all right.


Maj. Gen. Leslie Groves: About 1 a.m., Oppenheimer and I went over the situation again, and decided to leave the base camp, which was ten miles from the bomb, and go up to the control dugout, which was about five miles away.


Brig. Gen. Thomas F. Farrell: The scene inside the shelter was dramatic beyond words. In and around the shelter were some twenty-odd people concerned with last minute arrangements prior to firing the shot. The shelter was cluttered with a great variety of instruments and radios.


Kenneth T. Bainbridge: When the time came to go to Point Zero, I drove Joe McKibben and Kistiakowsky in my car; I had selected them to be in the Arming Party. On the way in, I stopped at S-10 and locked the main sequence timing switches. Pocketing the key I returned to the car and continued to Point Zero.


Maj. Gen. Leslie Groves: While the weather did not improve appreciably, neither did it worsen. It was cloudy with light rain and high humidity; very few stars were visible. Every five or ten minutes, Oppenheimer and I would leave the dugout and go outside and discuss the weather. I was devoting myself during this period to shielding Oppenheimer from the excitement swirling about us, so that he could consider the situation as calmly as possible, for the decisions to be taken had to be governed largely by his appraisal of the technical factors involved.


Berlyn Brixner: By 3:00 a.m. we were at our camera stations preparing to photograph the explosion.


Maj. Gen. Leslie Groves: As the hour approached, we had to postpone the test—first for an hour and then later for thirty minutes more—so that the explosion was actually three and one half hours behind the original schedule.


Edward Teller: The night seemed long and became even longer when the test was postponed.


Maj. Gen. Leslie Groves: I was extremely anxious to have the test carried off on schedule. Every day’s delay in the test might well mean the delay of a day in ending the war.


Kenneth T. Bainbridge: Finally, just before 4:45 a.m., [Chief Meteorologist Jack]Hubbard gave me a complete weather report and a prediction that at 5:30 a.m. the weather at Point Zero would be possible but not ideal. I called Oppenheimer and General Farrell to get their agreement that 5:30 a.m. would be T = 0.


Rudolf Peierls, physicist, British Mission to the Manhattan Project: Finally, the news came through that the test would proceed.


Berlyn Brixner: By 5:00 the weather was clearing, and shortly thereafter the countdown started.


Otto R. Frisch: Now it would be only minutes before the explosion took place.


Maj. Gen. Leslie Groves: Once the decision was made to go ahead, no additional orders were needed. At thirty minutes before the zero hour, the five men who had been guarding the bomb to make certain that no one tampered with it left their point of observation at the foot of the tower.


Kenneth T. Bainbridge: After turning on the lights, I returned to my car and drove to S-10 arriving about 5:00 a.m. I unlocked the master switches and McKibben started the timing sequence at -20 minutes, 5:09:45 a.m. At -45 seconds a more precise automatic timer took over. At the final seconds another circuit sent out electronically-timed signals for the still more precise pulses needed by many special instruments.


Maj. Gen. Leslie Groves: Leaving Oppenheimer at the dugout, I returned to the base camp.


William L. Laurence: At our observation post on Compania Hill the atmosphere had grown tenser as the zero hour approached. We had spent the first part of our stay eating an early morning picnic breakfast that we had taken along with us. It had grown cold in the desert, and many of us, lightly clad, shivered. We knew there were two specially equipped B-29 Superfortresses high overhead to make observations and recordings in the upper atmosphere, but we could neither see nor hear them.


Otto R. Frisch: We sat around through the night, waiting for the weather to clear up. For some hours I dozed in the car, waking up whenever the loudspeaker said something. In between it was playing dance music.


Maj. Gen. Leslie Groves: Our preparations were simple. Everyone was told to lie face down on the ground, with his feet toward the blast, to close his eyes, and to cover his eyes with his hands as the countdown approached zero. As soon as they became aware of the flash they could turn over and sit or stand up, covering their eyes with the smoked glass with which each had been supplied.


Rudolf Peierls: We had been given pieces of dark glass through which to look at the spectacle.


Boyce McDaniel: Finally at t-minus-ten minutes, all of us at the base site crouched on the ground behind an earthen barricade watching the light glowing on top of the tower.


Otto R. Frisch: The very first trace of dawn was in the sky.


Edward Teller: Just a shade of pink had appeared.


Brig. Gen. Thomas F. Farrell: As the time interval grew smaller and changed from minutes to seconds, the tension increased by leaps and bounds. We were reaching into the unknown and we did not know what might come of it.


Joseph L. McKibben, group leader, Manhattan Project: Sam Allison was the announcer on the radio and gave the countdown. He had a wonderfully senatorial voice. When I turned on the automatic timer at minus 45 seconds, a bell chimed every second to assist in the countdown.


Berlyn Brixner: I removed the waterproof covers from the Mitchell and other cameras on the roof of my bunker, sat down behind the Mitchell, and listened on the intercom to the countdown from the timing station at S-10. I shivered partly from thoughts about the expected explosion and partly from the wet cold desert air. Then, at minus 30 seconds the cameras began to run.


Maj. Gen. Leslie Groves: The quiet grew more intense. I, myself, was on the ground between Bush and Conant.


Val L. Fitch, technician, Special Engineer Detachment, Los Alamos: About half a minute before the scheduled moment of detonation my boss, Ernest Titterton, a member of the British Mission to Los Alamos, suggested that since there was nothing more for me to do I might as well go outside the bunker to get a good view. This I did, taking with me the two-by-four-inch piece of nearly opaque glass which someone had handed me earlier.


Edward Teller: We all were lying on the ground, supposedly with our backs turned to the explosion. But I had decided to disobey that instruction and instead looked straight at the bomb. I was wearing the welder’s glasses that we had been given so that the light from the bomb would not damage our eyes. But because I wanted to face the explosion, I had decided to add some extra protection. I put on dark glasses under the welder’s glasses, rubbed some ointment on my face to prevent sunburn from the radiation, and pulled on thick gloves to press the welding glasses to my face to prevent light from entering at the sides.


Boyce McDaniel: I remember thinking, “This is a very dramatic moment. I must concentrate on it so that I can remember it.” I looked around me at the leaders of the program and at my friends. I remember especially I. I. Rabi, Fermi, and Bacher, each staring intently into the darkness.


William L. Laurence: Suddenly, at 5.29.50, as we stood huddled around our radio, we heard a voice ringing through the darkness, sounding as though it had come from above the clouds: “Zero minus ten seconds!” A green flare flashed out through the clouds, descended slowly, opened, grew dim, and vanished into the darkness.


Otto R. Frisch: I sat on the ground in case the explosion blew me over, plugged my ears with my fingers, and looked in the direction away from the explosion as I listened to the end of the count.


Edward Teller: We all listened anxiously as the broadcast of the final countdown started; but, for whatever reason, the transmission ended at minus five seconds.


Brig. Gen. Thomas F. Farrell: Dr. Oppenheimer, on whom had rested a very heavy burden, grew tenser as the last seconds ticked off. He scarcely breathed.


Maj. Gen. Leslie Groves: As I lay there, in the final seconds, I thought only of what I would do if, when the countdown got to zero, nothing happened.


Kenneth T. Bainbridge: My personal nightmare was knowing that if the bomb didn’t go off or hang-fired, I, as head of the test, would have to go to the tower first and seek to find out what had gone wrong.


Edward Teller: For the last five seconds, we all lay there, quietly waiting for what seemed an eternity.


Otto R. Frisch: … Five …


J. Robert Oppenheimer, Director, Los Alamos Lab: Years of hard and loyal work culminated on July 16, 1945.


Otto R. Frisch: … Four …


George B. Kistiakowsky, Director, X Division (Explosives), Los Alamos Lab: The Trinity test was the climax of our work.


Otto R. Frisch: …Three …


William L. Laurence: Silence reigned over the desert.


Otto R. Frisch: … Two …


Rudolf Peierls: The big moment came.










PART I



EXPLORING the ATOM


51 BC – AD 1941









“Atoms were talking to us”


PARTICLES UNSEEN


[image: Pierre and Marie Curie work in a laboratory.]


Pierre and Marie Curie helped launch the atomic age.


The journey toward the atomic bomb dates back nearly as far as recorded science, as ancient thinkers strove to understand the building blocks and rules of the world around us. That our world was made of tiny particles was posited in Ancient Greece, when the philosopher Democritus first came to believe that the world was made of “atoms.” His moniker comes from the Greek word atomos, which means “uncuttable” or “indivisible.” Nothing, he imagined, could be smaller. The quest to understand atoms would unfurl for centuries and generations after and only really take off at the start of the twentieth century. In fact, nearly all of modern physics—from the theory of relativity to quantum physics—has unfolded in just about a single human lifetime.


Albert Einstein: In the beginning—if there was such a thing—God created Newton’s laws of motion together with the necessary masses and forces. This is all; everything beyond this follows from the development of appropriate mathematical methods by means of deduction.


Lucretius, Roman philosopher: Besides, the clothes hung-out along the shore, / When in they take the clinging moisture, prove / That Nature lifts from over all the sea / Unnumbered particles. / When tiny salt eats into great sea cliffs, / You cannot see the process of the loss / At any given moment. Nature’s work / Is done by means of particles unseen.


Diogenes Laërtius, Greek biographer, writing circa AD 225: Democritus’ opinions are these: The first principles of the universe are atoms and empty space; everything else is merely thought to exist.


Sir Isaac Newton, English physicist, writing in 1704: All these things being considered, it seems probable to me, that God in the Beginning form’d matter in solid, massy, hard, impenetrable, moveable Particles, of such Sizes and Figures, and with such other Properties, and in such Proportion to Space, as most conduced to the end for which he form’d them; and these primitive Particles being Solids, are incomparably harder than any porous Bodies compounded of them; even so very hard as never to wear or break in pieces: no ordinary Power being able to divide what God himself made one in the first Creation.


Ruggero Giuseppe Boscovich, Italian physicist, writing in 1764: If the matter is worked back to the genuine & simplest natural principles, it will be found that everything depends on the composition of the forces with which the particles of matter act upon one another; & from these very forces, as a matter of fact, all phenomena of Nature take their origin.


John Dalton, English chemist and physicist, writing in 1810: Matter, though divisible in an extreme degree, is nevertheless not infinitely divisible. That is, there must be some point beyond which we cannot go in the division of matter. I have chosen the word “atom” to signify these ultimate particles. I have chosen the word atom to signify these ultimate particles in preference to particle, molecule, or any other diminutive term, because I conceive it is much more expressive; it includes in itself the notion of indivisible.


Lise Meitner: Though I may try to tell you something of the development of physics since the beginning of the twentieth century, I naturally cannot give you a connected or comprehensive report. I can only pick out a few things which I especially remember, and which form as it were a magic musical accompaniment to my life.


Otto R. Frisch: Incredible though it may seem, at the turn of the century many respectable scientists did not believe in atoms.


C. P. Snow: Modern physics began with the discovery of the particles of which atoms are made: first electrons, then protons, and neutrons. These discoveries began to be made in the last years of the nineteenth century.


Emilio Segrè: In 1895, a German physicist, Wilhelm Röntgen, found that cathode rays produce a type of radiation when they hit a solid object. He called them X-rays: X for unknown, for these highly penetrating rays were unlike anything then known.


Wilhelm Röntgen: Of what nature the rays are is not entirely clear to me. I had not spoken to anyone about my work. To my wife I mentioned merely that I was doing something of which people, when they found out about it, would say, “Der Röntgen ist wohl verrückt geworden.” [Röntgen has really gone crazy.] I mailed the [preliminary paper], and then the devil was to pay!


Emilio Segrè: His paper was unbelievable—but with it he also sent x-ray photographs of hands, which provided evidence that could not easily be dismissed. Upon reading Röntgen’s paper, many scientists ran to their laboratories, brought out their spark coils, and set about finding out whether they could see the x-rays. They did. By January 1896, news of the discovery of x-rays had created a tremendous commotion all over the world. In 1901 Röntgen received the first Nobel Prize for physics.


Pierre Curie: Antoine Becquerel discovered in 1896 the special radiating properties of uranium and its compounds.


Otto Hahn: For more than 100 years, uranium—discovered by M. H. Klaproth in 1789—had had a quiet existence as a somewhat rare, but not particularly interesting element. It was distinguished from all the other elements in one particular respect: it occupied the highest place in the table of the elements. As yet, however, that did not have any particular significance.


Pierre Curie: Uranium emits very weak rays which leave an impression on photographic plates. These rays pass through black paper and metals; they make air electrically conductive. The radiation does not vary with time, and the cause of its production is unknown.


Otto Hahn: The echo of Becquerel’s fundamental observations on the radioactivity of uranium in scientific circles was at first fairly weak. Two years later, however, they acquired an exceptional importance when the Curies succeeded in separating from uranium minerals two active substances, polonium and radium.


Pierre Curie: In making measurements, Marie found that certain of these were more active than they should have been. She then made the assumption that these substances contained radioactive chemical elements which were as yet unknown. We first found a highly radioactive substance which we called polonium, and then—in collaboration with [Gustave] Bémont—a second highly radioactive substance which we called radium.


Marie Curie: All the elements emitting such radiation I have termed radioactive, and the new property of matter revealed in this emission has thus received the name radioactivity. From that time onward numerous scientists devoted themselves to the study of radioactivity.


Otto R. Frisch: It felt that atoms were talking to us, but in a code we couldn’t decipher.


Ernest Rutherford, writing in 1904: If it were ever found possible to control at will the rate of disintegration of the radio-elements, an enormous amount of energy could be obtained from a small quantity of matter.


Abraham Pais: The birth of quantum theory (1900) and relativity theory (1905) marked the beginning of an era in which the very foundations of physical theory were found to be in need of revision. Two men led the way toward the new theoretical concepts: Max Karl Ernst Ludwig Planck, professor at the University of Berlin, possessed—perhaps obsessed—by the search for the universal function of frequency and temperature, and Albert Einstein, technical expert at the Swiss patent office in Bern.


I. I. Rabi: In 1905, Einstein enunciated the Theory of Special Relativity from a general consideration of the nature of clocks, the measurement of time, and the remarkable consistency of the velocity of light as measured on different systems moving relatively to one another. As a straightforward deduction from this theory, he enunciated the equivalence of mass and energy.


Albert Einstein: E = MC2. Energy equals mass times the speed of light, squared.


Glenn Seaborg, chemist, UC-Berkeley: The speed of light is a very large number; the speed of light squared is a ridiculously large number. So a very small amount of mass converts to a relatively large amount of energy.


Max Planck: Einstein’s work on relativity probably exceeds in audacity everything that has been achieved so far in speculative science and even in epistemology; non-Euclidean geometry is child’s play by comparison.


Otto R. Frisch: A few papers were published which extended Einstein’s reasoning, but it took another eight years before the floodgates were opened by a young Danish physicist, Niels Bohr, through his proposed model of the atom. You must have seen it many times, decorating almost any publication related to atoms: a dot surrounded by several circles, usually foreshortened into intersecting ellipses. That model has now been out of date for half a century. But symbols have long lives: Father Time is still depicted with a sand-glass, not a wristwatch.


Arthur Holly Compton: In 1911, Ernest Rutherford, later Lord Rutherford, discovered the nucleus of the atom.


Mark Oliphant: In 1912 Niels Bohr spent nearly six months with Rutherford, during which he became fascinated with the structure of the atom as revealed by Rutherford’s work. Chadwick was much impressed by Bohr, by his intuitive grasp of and interest in all science, and by his kind and generous nature. They became lifelong friends.


Niels Bohr, writing on June 19, 1912: It could be that I’ve perhaps found out a little bit about the structure of the atoms. If I’m right, it would not be an indication of the nature of a possibility, but perhaps a little piece of reality. I may yet be wrong, for it hasn’t been worked out fully yet. You can imagine how anxious I am to finish quickly.


Otto R. Frisch: No other physicist of our time, except perhaps Einstein, has so strongly influenced our thinking in general, not just in physics. His model of the atom brought him immediate fame in 1913—with the electrons circling around the nucleus like miniature planets, confined to certain allowed orbits except when they jumped from one orbit to another in the process of absorbing or emitting radiation. That picture was so astonishing and unorthodox. Bohr himself was very much aware of the crudeness of that model; it resembled the atom no more than a quick pencil sketch resembles a living human face. But he also knew how profoundly difficult it would be to get a better picture.


Niels Bohr: Abstract thinking, which throughout the ages has been one of the most powerful of man’s aids in lifting the veil that shrouds the laws of Nature from the eyes of the uninitiated observer, has proved of the utmost importance for enabling the insight into the structure of atoms.


Werner Heisenberg: To those of us who participated in the development of atomic theory, the five years following the Solvay Congress in Brussels [in 1911] looked so wonderful that we often spoke of them as the golden age of atomic physics. The great obstacles that had occupied all our efforts in the preceding years had been cleared out of the way; the gate to that entirely new field—the quantum mechanics of the atomic shell—stood wide-open, and fresh fruits seemed ready for the plucking.


Arthur Holly Compton: In 1919 Rutherford made the further startling discovery that when an alpha particle (i.e., a helium nucleus) strikes the nucleus of a nitrogen atom, a proton (i.e., a hydrogen nucleus) is sometimes emitted. Here was artificial transmutation, the changing of one chemical element into another. Helium acts on nitrogen to produce hydrogen. What is more, nuclear energy is released. This was shown by the fact that the proton escaped with an energy greater than that of the incident alpha particle. Here at last was a lead toward the release of atomic power.


C. P. Snow: As soon as Rutherford got onto radioactivity, he was set on his life’s work.


Arthur Holly Compton: On writing about it to an American friend, Rutherford commented that the influence of this discovery on the course of history might eventually be greater than that of the world war that had just been fought.


Henning Pleijel: Lord Rutherford suggested that, apart from protons and electrons, there also existed particles of the same weight as a proton but without any electric charge. To this particle was given in advance the name of “neutron.” This neutron had long been searched for but without any result.


* * *


The world of physics through the first half of the twentieth century was a very tiny community, a fact represented in part by the groundbreaking science of Marie Curie’s daughter Irène, who went on to marry physicist Frédéric Joliot, and make key discoveries building on her mother’s work. Discoveries were traded between and built upon one after another across this small field as the 1920s and 1930s progressed. Few of those discoveries would prove as transformative as the quest for Rutherford’s elusive “neutron.”


Enrico Fermi: Joliot and Irène Curie at the end of the year 1933 obtained the first cases of artificial radioactivity by bombarding boron, magnesium, and aluminium with α-particles from a polonium source. They produced thus three radioactive isotopes of nitrogen, silicon and phosphorus, and succeeded also in separating chemically the activity from the bulk of the unmodified atoms of the bombarded substance.


Leo Szilard: In 1932, while I was still in Berlin, I read a book by H.G. Wells called The World Set Free. This book was written in 1913, one year before the World War, and in it H.G. Wells describes the discovery of artificial radioactivity and puts it in the year of 1933, the year in which it actually occurred. He then proceeds to describe the liberation of atomic energy on a large scale for industrial purposes, the development of atomic bombs, and a world war which was apparently fought by an alliance of England, France, and perhaps including America, against Germany and Austria, the powers located in the central part of Europe. This book made a very great impression on me.


Herbert L. Anderson: The solid scientific fact that H.G. Wells had at his disposal when he wrote this book was what was known then about natural radioactivity: that uranium disintegrated by emitting alpha particles. This was a process yielding a million times more energy per atom than in ordinary combustion. The trouble was that it took place very slowly. What was needed, H.G. Wells realized, was a way to speed it up. Then, from a pound or two of uranium, enough energy could be obtained to light a great city, power the wheels of industry, drive airplanes and, inevitably, fashion devastating weapons of war. Those who knew Szilard would understand instantly why this idea would excite him and why he would keep turning it over and over in his mind until he could figure out what he could do with it.


Leo Szilard: In London in September 1933, I read in the newspapers a speech by Lord Rutherford. He was quoted as saying that he who talks about the liberation of atomic energy on an industrial scale is talking moonshine. This set me pondering as I was walking the streets of London, and I remember that I stopped for a red light at the intersection of Southampton Row. 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 absorbed one neutron, such an element, if assembled in sufficiently large mass, could sustain a nuclear chain reaction. 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 become possible to set up a nuclear chain reaction, liberate energy on an industrial scale, and construct atomic bombs. The thought that this might be in fact possible became a sort of obsession with me.


Laura Fermi: In January 1934, the French physicists Frédéric Joliot and his wife Irène Curie announced that they had discovered artificial radioactivity.


Mark Oliphant: One morning Chadwick read the communication of the Curie-Joliots in the [French physics journal] Comptes Rendus.


James Chadwick: As I told Rutherford about the Curie-Joliot observation and their views on it, I saw his growing amazement; and finally he burst out “I don’t believe it.” Such an impatient remark was utterly out of character, and in all my long association with him I recall no similar occasion. I was convinced that there was something quite new as well as strange. A few days of strenuous work were sufficient to show that these strange effects were due to a neutral particle and to enable me to measure its mass: the neutron postulated by Rutherford in 1920 had at last revealed itself.


Niels Bohr: We not only believe the existence of atoms to be proved beyond a doubt, but also we even believe that we have an intimate knowledge of the constituents of the individual atoms. According to our present conceptions, an atom of an element is built up of a nucleus that has a positive electrical charge and is the seat of by far the greatest part of the atomic mass, together with a number of electrons, all having the same negative charge and mass, which move at distances from the nucleus that are very great compared to the dimensions of the nucleus or of the electrons themselves. In this picture we at once see a striking resemblance to a planetary system, such as we have in our own solar system.


Richard Feynman, physicist: If, in some cataclysm, all of scientific knowledge were to be destroyed, and only one sentence passed on to the next generations of creatures, what statement would contain the most information in the fewest words? I believe it is the atomic hypothesis—or the atomic fact, or whatever you wish to call it—that all things are made of atoms—little particles that move around in perpetual motion, attracting each other when they are a little distance apart, but repelling upon being squeezed into one another.


Otto R. Frisch: Atoms are not that small, about a thousand times smaller than microbes which you can see under an optical microscope. An ion microscope shows quite clearly the beautiful regular pattern of atoms on the point of a sharp needle. But atomic nuclei are really small. Try to think of something a thousand times smaller than an atom and you are still not down to the size of atomic nuclei; you need another factor of twenty or so. If an atom were enlarged to the size of a bus, the nucleus would be like the dot on this i.


Maurice Goldwater, physics student: What one might call the “neutronic age” started there in 1932 with Chadwick’s discovery of the neutron.


Arthur Holly Compton: It is this particle whose use ten years later made possible the nuclear chain reaction.


I. I. Rabi: The neutron is really what makes the atomic bomb tick.


* * *


Otto Hahn: It was especially the Italian scientist [Enrico] Fermi who first realized the great importance of neutrons for the production of nuclear reactions.


Laura Fermi: After Enrico learned of Joliot and Curie’s discovery, he decided he would try to produce artificial radioactivity with neutrons. Being a man of method, he did not start by bombarding substances at random, but proceeded in order, starting from the lightest element, hydrogen, and following the periodic table of elements. Hydrogen gave no results: when he bombarded water with neutrons, nothing happened. He tried lithium next, but again without luck. He went on to beryllium, then to boron, to carbon, to nitrogen. None were activated. Enrico wavered, discouraged, and was on the point of giving up his researches, but his stubbornness made him refuse to yield. He would try one more element. That oxygen would not become radioactive he knew already, for his first bombardment had been on water. So he irradiated fluorine. Hurrah! He was rewarded. Fluorine was strongly activated, and so were other elements that came after fluorine in the periodic table.


Enrico Fermi: A systematic investigation of the behavior of the elements throughout the Periodic Table was carried out by myself, with the help of several collaborators, namely Amaldi, d’Agostino, Pontecorvo, Rasetti, and Segrè.


Edoardo Amaldi: We worked with incredible stubbornness. We would begin at eight in the morning and take measurements, almost without a break, until six or seven in the evening, and often later.


Otto Hahn: Fermi and his co-workers irradiated practically all of the elements of the Periodic System with neutrons, and made numerous artificial radioactive elements.


Laura Fermi: When, in the course of their researches, they came to bombard with neutrons the last element of the periodic table, uranium, whose atomic number is 92, they found that it became active, that more than one element was produced, and that at least one of the radioactive products was none of the existing elements close to uranium. Theoretical considerations and chemical analysis seemed to indicate that a new element of atomic number 93, an element which does not exist on the earth because it is not stable, was among the disintegration products of uranium.


I. I. Rabi: Fermi and his school of physicists in Italy were among the first to realize the power of the neutron. Since the neutron carries no charge, there is no strong electrical repulsion to prevent its entry into nuclei. In fact, the forces of attraction which hold nuclei together may pull the neutron into the nucleus. When a neutron enters the nucleus, the effects are about as catastrophic as if the moon struck the earth. The nucleus is violently shaken up by the blow, especially if the collision results in the capture of the neutron. A large increase in energy occurs and must be dissipated, and this may happen in a variety of ways, all of them interesting.


Laura Fermi: They sent their first report to Ricerca Scientifica in May 1934, not to claim the discovery of a new element but rather to relate what indications they had found that such an element might have been produced. The New York Times published a two-column article under a two-line headline: “Italian Produces 93rd Element by Bombarding Uranium.”


Lise Meitner: From 1934 to 1938, Otto Hahn and I were able to resume our joint work, the impetus for which had come from Fermi’s results in bombarding heavy elements with neutrons.


Otto Hahn: I remember our co-worker Max Delbrück, who was Lise Meitner’s assistant, expressing his amazement that after having received this exciting news about Fermi’s work in Italy we could sleep a wink before repeating the experiments. That decision led to the work on which Lise Meitner and I thereupon started, work that lasted more than four years. We were soon joined by Fritz Strassmann, who had been working at our institute since 1929. We soon ascertained that Fermi was right, but we also found that what happened when uranium was bombarded with neutrons was very complicated indeed.


Luis Alvarez: Soon afterward a German chemist, Ida Noddack, published a critical demurrer: Fermi could not claim the discovery of new transuranium elements, she argued, until his unidentified radioisotopes had been compared with every element in the periodic table. No one took Noddack seriously. The notion that uranium could turn into a lighter element in the middle of the periodic table under bombardment by nothing more energetic than thermal neutrons was self-evidently ridiculous; to do so, it would have to split.


Laura Fermi: A controversy over element 93 had started and dragged on inconclusively.


Luis Alvarez: I was bothered at the time that the Fermi transuranics didn’t fit the pattern of other radioactive elements. Instead of decaying, as we said, “downhill to the floor of the valley of stability,” they decayed uphill, into a region that ought to be progressively more unstable. I knew something was off-key, as did everyone familiar with nuclear theory, but the correct explanation entailed such a radical departure from contemporary understanding that no one pursued the matter.









“My days were numbered”


DARKNESS FALLS ON EUROPE


[image: Adolf Hitler stands behind a lectern and addresses a large number of people gathered in an arena.]


The rise of Adolf Hitler’s Third Reich disrupted the continent’s golden age of atomic discovery.


The advances of physics through the 1930s were inseparable from the darkening clouds of far-right fascism on the European continent. The rise of Adolf Hitler and his National Socialist Party in Germany and Benito Mussolini in Italy destabilized much of Europe’s scientific progress, particularly as anti-Semitic politics and pogroms targeted many of the biggest names in physics. Those fascist governments came to power alongside ruinous inflation caused by the fallout of World War I; over the course of 1923, the German mark fell from 400 to the dollar to 7,000 to finally 4.2 trillion to the dollar by November. Foreigners found themselves living like royalty as pensioners starved.


Even beyond Germany and Italy, scientists across Europe watched the enveloping cloak of fascism warily—nowhere more so than in Hungary. While there were just 350 Jewish families in Hungary on the eve of World War II, that small group possessed one of the greatest generations of scientific talent in world history, including physicists Eugene Wigner and Edward Teller, computer pioneer John von Neumann, and the space-defining aerospace engineer Theodore von Kármán. “Out of the prospering but vulnerable Hungarian Jewish middle class came no fewer than seven of the twentieth century’s most exceptional scientists,” historian Richard Rhodes wrote. “The mystery of such a concentration of ability from so remote and provincial a place has fascinated the community of science.”


None of them—nor their colleagues elsewhere in the continent—would find themselves immune to the hate and war of the 1930s.


Albert Einstein, writing in December 1919: Antisemitism is strong here and political reaction is violent.


Werner Heisenberg: The end of the First World War had thrown Germany’s youth into a great turmoil. The reins of power had fallen from the hands of a deeply disillusioned older generation, and the younger one drew together in an attempt to blaze new paths, or at least to discover a new star by which they could guide their steps in the prevailing darkness.


The summer of 1922 ended on what, for me, was a rather saddening note. My teacher had suggested that I attend the Congress of German Scientists and Physicians in Leipzig, where Einstein, one of the chief speakers, would lecture on the general theory of relativity. The lecture theater was a large hall with doors on all sides. As I was about to enter, a young man pressed a red handbill into my hand, warning me against Einstein and relativity. The whole theory was said to be nothing but wild speculation, blown up by the Jewish press and entirely alien to the German spirit.


At first I thought the whole thing was the work of some lunatic, for madmen are wont to turn up at all big meetings. However, when I was told that the author was a man renowned for his experimental work I felt as if part of my world were collapsing. All along, I had been firmly convinced that science at least was above the kind of political strife that had led to the civil war in Munich, and of which I wished to have no further part. Now I made the sad discovery that men of weak or pathological character can inject their twisted political passions even into scientific life.


Rudolf Peierls: The economic situation in Germany was getting worse, unemployment was high, and political life was becoming more violent. Assassinations had been common during the whole period of the Weimar Republic, and now the brown shirts of the National Socialists were increasing in number and in aggressiveness. Yet few people had any inkling of the disaster that was imminent.


Sigmund Freud, December 7, 1930: We are moving toward bad times. I ought to ignore it with the apathy of old age, but I can’t help feeling sorry for my seven grandchildren.


Leo Szilard: I reached the conclusion something would go wrong in Germany very early. I reached in 1931 the conclusion that Hitler would get into power, not because the forces of the Nazi revolution were so strong, but rather because I thought that there would be no resistance whatsoever.


Albert Einstein, writing in his diary, December 1931: I decided today that I shall essentially give up my Berlin position and shall be a bird of passage for the rest of my life.


Otto R. Frisch: I have never been politically conscious. In the early thirties in Hamburg I didn’t pay any attention to the general crisis atmosphere; with a sarcastic smile I observed the repeated changes of government and the much joked-about ineptness of Hindenburg, the famous general who had been made President of the Republic of Germany. When a fellow by name of Adolf Hitler was making speeches and starting a Party I paid no attention. Even when he became elected Chancellor I merely I shrugged my shoulders and thought, nothing gets eaten as hot as it is cooked, and he won’t be any worse than his predecessors.


Louis Fischer, correspondent, The Nation: How did Hitler come to power in Germany? Hitler’s policy, at home and abroad, has always been to reveal his plans. Hyper-suspicion of propaganda, however, led many people to doubt what he said. The Nazis boasted that they would rule Germany, and Hitler painted a picture of his future game. “Heads will roll,” he said. He would destroy democracy. Yet democracy tolerated him and helped him take office in order to destroy democracy. This peaceful death of German democracy is one of the strangest chapters in history. German democracy marched to its grave with eyes wide open, and singing, “Beware of Adolf Hitler.” Democracy is temperate. Its foe is extremism. In Germany, extremism was the thermometer of a sick social system and an ailing economy.


Eugene Wigner: Most Germans seemed strangely unconcerned with Hitler. They had not sought him, but when he came they said, “Well, the man is impressive. Let us see what he does.” Few of them expected him to lead Germany into a disastrous war. They watched with interest as he blamed their hardships on Jews and on other nations. But most of them thought he would stop short of a war. After all, Hitler had managed to take power in Germany without a war.


Bulletin, International News Service, January 30, 1933: Adolf Hitler, Nazi chieftain who began life as a house painter and street sweeper, achieved his life’s ambition today when he was appointed Chancellor of the Reich.


John Gunther, Europe correspondent, Chicago Daily News: The night of February 27, 1933, a few days before the March 5 elections which were to confirm Hitler’s chancellorship, the building of the German Reichstag in Berlin was gutted by fire. This fire destroyed what remained of the German republic. It not only burned a public building; it incinerated the communist, social democratic, Catholic, and nationalist parties of Germany. It was discovered at about nine-fifteen on a winter evening back in 1933, but its embers are burning yet.


In the flames of the Reichstag fire disappeared the old Germany of Bismarck, William II, and the Weimar constitution. In its smoke arose Hitler’s Third Reich.


Leo Szilard: Hitler came into office in January ’33, and I had no doubt what would happen. I lived in the faculty club of the Kaiser Wilhelm Institute in Berlin-Dahlem and I had my suitcases packed. By this I mean that I had literally two suitcases standing in my room which were packed; the key was in it, and all I had to do was turn the key and leave when things got too bad. I was there when the Reichstagsbrand occurred, and I remember how difficult it was for people there to understand what was going on. A friend of mine, Michael Polanyi, who was director of a division of the Kaiser Wilhelm Institute for Physical Chemistry, like many other people took a very optimistic view of the situation. They all thought that civilized Germans would not stand for anything really rough happening.


Otto R. Frisch: I didn’t take Hitler at all seriously at first. I had the feeling: “Well, chancellors come and chancellors go, and he will be no worse than the rest of them.” Things began to change, and of course when the racial laws were published, by which people of partly or wholly Jewish origin had to be dismissed from the universities, I realized that my days were numbered.


Edgar Ansel Mowrer, Berlin correspondent, Chicago Daily News: The elimination of Jews from German public life—if not from Germany altogether—was one of the chief promises of National-Socialist propagandists and apparently rarely failed to elicit approval.


Ralph W. Barnes, datelined Nuremberg, Germany, September 15, 1935: Stringent new laws depriving German Jews of all the rights of German citizens and prohibiting marriages between Jews and “Aryans” (Gentiles) were decreed by a subservient, cheering Reichstag here tonight, after an address by Chancellor Adolf Hitler.


Hermann Göring, air minister and Prussian premier, German Reich: We must preserve the Germanic and Nordic purity of the race, and must protect our women and girls with every means at our disposal. In this pure blood stream will blossom forth a new era of Germanic happiness. Never again will we let our Germanism be infected and ruined by Jewish infiltration. Our newly won freedom requires a new symbol. The swastika has become for us a holy symbol. It is the anti-Jewish symbol of the world.


Eugene Wigner: The situation for Jews in Germany rapidly became intolerable. I would now need a permanent home outside Europe. I hoped against hope that fascism would subside and Hitler be replaced or subdued. But I did not expect it to happen. By 1933, I saw Europe as a sinking ship.


Leo Szilard: How quickly things move you can see from this: I took a train from Berlin to Vienna on a certain date, close to the first of April, 1933. The train was empty. The same train on the next day was over-crowded, was stopped at the frontier, the people had to get out, and everybody was interrogated by the Nazis. This just goes to show that if you want to succeed in this world you don’t have to be much cleverer than other people, you just have to be one day earlier than most people. This is all that it takes.


Werner Heisenberg: The golden age of atomic physics was now fast drawing to an end. In Germany political unrest was increasing. For a time I tried to close my eyes to the danger, to ignore the ugly scenes in the street. But, when all is said and done, reality is stronger than all our wishes.


Otto R. Frisch: Disturbing rumors were rife. Some of my Jewish friends had warned me not to be out at night because Jews had been beaten up in the dark. I remember walking home late one night when I heard fast footsteps ring out in the empty street; I wondered if it was one of those anti-semitic brutes on the rampage. Of course to break into a run would have given me away at once; I kept my speed though the footsteps rapidly came nearer and finally pulled up beside me. A burly fellow in S.A. uniform pulled off his cap and greeted me with great politeness; it was the son of my landlady. He explained to me that he had to join this para-military force because otherwise he would not have been allowed to complete his law studies; there were many like him who disliked the Nazis but couldn’t afford not to join.


The persistent stories of concentration camps, of synagogues burnt, of beatings and torture, all were stoutly denied by the German newspapers as mere “horror propaganda” put out by the enemies of Germany. Some of my friends told me the stories were true, indeed that the truth was worse. But I wouldn’t believe that Germany had changed so suddenly and so horribly, and that all the newspapers could so consistently be telling lies.


Kurt Mendelssohn, chemist: Breslau, where I had a post at the university in 1933, was ahead of most German cities in establishing Nazi terror. We decided to leave forthwith, ostensibly to spend Easter in Berlin. In Berlin, I bought a ticket to London. When I woke up in [London] the sun was shining in my face. I had slept deeply, soundly, and long—for the first time in many weeks. The night before I had arrived in London and gone to bed without fear that at 3 a.m. a car with a couple of S.A. men would draw up and take me away.


P. B. Moon, physicist, Cambridge: [Rutherford] did a very great deal for the refugees from Hitler’s Germany, finding places for some of them in his laboratory and scraping together what money he could to keep them and their families going until they could find established posts.


Otto R. Frisch: In Copenhagen I heard for the first time the suggestion that the fire that had devastated the German Parliament had not been started by the accused Communist, van der Lubbe, but had been deliberately laid by the Nazis in order to work up public opinion against the Communists; it was an idea that startled me at first but then seemed plausible. After my return to Hamburg my one remaining colleague in the department, Knauer, gave me dinner at his lodgings and wanted to hear what people abroad said about the fire. Although he had become a Nazi Knauer had never let the anti-semitic party line interfere with our friendship. Quizzed about the fire I tried to hold my peace and talk of other things. But when he insisted I did tell him that people were convinced that the fire had been laid by the Nazis for political reasons. He was horrified. “But how can anybody think such a thing of people like Hitler or Göring; just look at their faces!”


Knauer kept his friendly and helpful attitude to the last and made my departure easy by finding a small freighter that was going to London and had one cabin for a passenger. On that cockleshell, on a windy day in October 1933, I left Germany with all my belongings in several trunks which kept sliding forth and back in my cabin as the ship rolled and pitched across the North Sea while I braced myself in my berth, unable to sleep.


Werner Heisenberg: When I returned to my Leipzig Institute at the beginning of the summer term of 1933, the rot had begun to spread. Several of my most capable colleagues had left Germany, others were preparing to flee. Even my brilliant assistant, Felix Bloch, had decided to emigrate, and I myself began to wonder whether there was any sense in staying on.


Bulletin, Associated Press, August 2, 1934: Adolf Hitler made himself absolute dictator of Germany today. He concentrated in his own hands the functions of President and of Chancellor as soon as the aged President Paul von Hindenburg had died at Neudeck.


Laura Fermi: It was almost unbelievable. Germans were the traditional foes of Italians, since the first World War, a fallen foe. The newly risen Fuhrer of Germany was held to be a none-too-intelligent imitator of the Duce, a puppet obediently waiting for directives from the Fascist Master. The puppet had taken some initiative of his own. In March, 1935, he had denounced the Versailles Treaty and declared that Germany would rearm. The Fuhrer had in store another of his spring surprise moves: in March, 1936, his troops occupied the demilitarized Rhineland. By then Mussolini was on bad terms with France and England, but dreaded and opposed a strong Germany.


Leo Szilard: When the German troops moved into the Rhineland and England advised France against invoking the Locarno pact [in March 1936], I knew that there would be war in Europe.


Edoardo Amaldi: “Physics as soma” [roughly, “physics is the cure,” a reference to Aldous Huxley’s Brave New World] was our description of the work we performed while the general situation in Italy grew more and more bleak, first as a result of the Ethiopian campaign and then as Italy took part in the Spanish Civil War.


Eugene Wigner: Hitler’s campaign against the Jews cost him most of the greatest people I had studied with. If Hitler did not personally fire us all from our jobs, he made life unsafe for us in Nazi countries. And he forced us to follow politics. Many other important physicists fled as well, Enrico Fermi, Edward Teller, and Hans Bethe among them. Most of us resettled in the United States. Perhaps the United States should erect a great stone monument to Adolf Hitler for his dedication to advancing the American natural sciences. Not even Joseph Stalin scattered scientists like Hitler.









“I stopped the barber in mid-snip”


FLEEING FASCISM


[image: The Fermi family, comprising the couple and their children, stands close to the railing of a ship and poses for the camera.]


The Fermi family upon arrival in America.


By 1938, war was enveloping Europe and those scientists who could plan their escapes came mostly to US and British institutions, labs, and universities. But the physicists of Europe had one last important discovery to contribute: The process that would come to be known as “fission,” the chain reaction that unlocked the near-inexhaustible energy of the atom and illuminated the path toward both atomic weapons and nuclear power. 


Laura Fermi: The Italian government seemed to have gone crazy. The first anti-Semitic laws were passed early in September. We at once decided to leave Italy as soon as possible. Enrico wrote four letters to four American universities, in which he stated that his reasons for not accepting their previous offers had ceased to be. He dared write nothing more specific. We were still in the Alps and four letters, all in the same handwriting, all going to America, if mailed at the same village could not fail to arouse suspicion. We took advantage of a car trip and mailed Enrico’s letters at four towns miles apart. Enrico received five offers of positions in America. He accepted that of Columbia University. To Italian officials he declared that he was embarking on a six-month visit to New York.


Emilio Segrè: In the fall of 1938, at a physics meeting in Copenhagen, Fermi was confidentially informed by Bohr that his name was high on the list of candidates for a Nobel prize. Such a disclosure was most unusual but was prompted by an effort to ascertain that the award would not embarrass him. There had been cases in which dictatorships had forced a recipient to renounce the award or had otherwise harassed him. The Swedish Academy was thus taking precautions. The nomination to the award was hardly surprising, but it called for some adjustments in Fermi’s emigration plans.


Laura Fermi: To prospective emigrants, who would be allowed to take along fifty dollars apiece when leaving Italy for good, the Nobel Prize would be a godsend. However, the existing monetary laws required Italian citizens to convert any foreign holdings into lire and bring them into Italy. Hence our decision to go to Stockholm and from there directly to the United States, if Enrico were to be awarded the Nobel Prize.


Emilio Segrè: Once Fermi made a decision, he never looked back.


Laura Fermi: Early on the morning of November 10, 1938, I found myself answering the telephone in the hall of our home. “Is this Professor Fermi’s residence?” asked the operator’s voice. “I wish to inform you that this evening at six Professor Fermi will be called on the telephone from Stockholm.” My drowsiness vanished at once. A call from Stockholm! I ran back into our bedroom. Enrico’s head was still sunk in the hollow of his soft pillow. “Wake up, Enrico! This evening you’ll be called on the telephone from Stockholm!” Calm, but immediately alert, Enrico propped himself up on his elbow and replied: “It must mean the Nobel Prize.”


Emilio Segrè: On December 6, 1938, the Fermi family—Enrico, Laura, the two children, Nella and Giulio—and a maid boarded the train at Rome. Amaldi and Rasetti went to the station to say goodbye. Everyone understood that the departure signified the end of a memorable period in their lives.


Laura Fermi: There was the prize award on December 10, the anniversary of Nobel’s death. Only the prizes for literature and for physics were awarded in 1938. Pearl Buck, the American writer of novels with Chinese background, and Enrico sat in the center of the stage in the Concert Hall. Enrico sat stiff because he could not do otherwise. Stiff with the expectation of a dreaded but likely mishap: that the heavily starched front of his evening shirt might suddenly snap and thrust out in a protruding arc between the silk lapels of his full dress suit, with an explosive sound, at his first incautious move, as it had done many times before. Although dedicated to measurement, Enrico had not yet recognized that fronts of ready-made shirts were too long for him.


Edward Teller: The Fermis used the prize money to travel on to New York, where Enrico settled in as a professor at Columbia.


Emilio Segrè: The Fermis landed in New York on January 2, 1939, and Fermi turned to his wife and said: “We have founded the American branch of the Fermi family.” I can imagine his smile.


* * *


The Fermis were hardly the only ones to find their quiet lives of science interrupted as the war years began. Even as some others fled, the work continued, and uncovering the next step in the quest to understand and harness the atom fell to the newly displaced Lise Meitner and her colleague chemists Otto Hahn and Fritz Strassmann, along with her nephew Otto Frisch.


Edward Teller: The chairman of the physics department at The George Washington University asked me to give a talk about atomic theory to the faculty of the university. During the question period following my lecture, someone asked, “How long before a practical use of nuclear energy might be worked out?” I predicted, “It may take a year, a hundred years, or it may never happen.” I was wrong. As I was speaking, two chemists at the Kaiser Wilhelm Institute in Berlin were beginning to examine the first key to unlocking nuclear energy. That key had been lying around unused for half a dozen years.


Otto R. Frisch: Lise Meitner had been working in Berlin with the chemist Otto Hahn for about thirty years, and during the last three years they had been bombarding uranium with neutrons and studying the radioactive substances that were formed.


Otto Hahn: In spite of more or less trivial interference on the part of the regime, work had been going ahead smoothly so far. Professor Lise Meitner had not been troubled by anybody in those first years, for, being an Austrian, she was protected by her foreign nationality. Professor Thiessen, Director of the Kaiser Wilhelm Institute of Physical Chemistry, which had meanwhile been transformed into a model institution of National Socialist science, treated Lise Meitner with all due courtesy for as long as she stayed in Berlin. But now came the year 1938.


Otto R. Frisch: The occupation of Austria in March 1938 changed my aunt, the physicist Lise Meitner—technically—from an Austrian into a German. She had acquired fame by many years’ work in Germany, but now had to fear dismissal as a descendant of a Jewish family. Moreover, there was a rumor that scientists might not be allowed to leave Germany; so she was persuaded—or perhaps stampeded—into leaving at very short notice, assisted by friends in Holland.


Otto Hahn: Now for Lise Meitner too the situation became critical.


Lise Meitner: I decided that it was high time to get out with my secrets.


Otto Hahn: We decided to get her across the frontier illegally, and as quickly as possible. On the evening of 16 July Professor Coster arrived from Holland and came straight to the institute. He brought with him an assurance that the Dutch would permit Lise Meitner to enter Holland without a visa. Aided by our old friend Paul Rosbaud, we spent the night packing the clothes she most needed and some of her valuables. I gave her a beautiful diamond ring that I had inherited from my mother and which I had never worn myself but always treasured; I wanted her to be provided for in an emergency. On the morning of 17 July, accompanied by Professor Coster, Lise Meitner left in all secrecy, not knowing what that day might hold in store for her. We agreed on a code-telegram in which we would be let known whether the journey ended in success or failure.


Lise Meitner: I took a train for Holland on the pretext that I wanted to spend a week’s vacation.


Otto Hahn: The danger consisted in the SS’s repeated passport-control of trains crossing the frontier. People trying to leave Germany were always being arrested on the train and brought back. Lise Meitner was lucky; she succeeded in crossing the frontier to safety.


Lise Meitner: At the Dutch border, I got the scare of my life when a Nazi military patrol picked up my Austrian passport, which had expired long ago. I got so frightened, my heart almost stopped beating. I knew that the Nazis had just declared open season on Jews. For ten minutes I sat there and waited, ten minutes that seemed like so many hours. Then one of the Nazi officials returned and handed me back the passport without a word. Two minutes later I descended on Dutch territory, where I was met by some of my Holland colleagues. There I obtained my Swedish visa.


Otto R. Frisch: In the autumn she accepted an invitation to work in Stockholm, at the Nobel Institute led by Manne Siegbahn. I had always kept the habit of celebrating Christmas with her in Berlin; this time she was invited to spend Christmas with Swedish friends in the small town of Kungälv (near Gothenburg), and she asked me to join her there. That was the most momentous visit of my whole life.


Otto Hahn: When we had carried out the indicator experiments that proved barium was present, I wrote some personal letters to Lise Meitner, telling her of our results. In my letter of 19 December, I wrote, “The thing is: there’s something so odd about the ‘radium isotopes’ that for the moment we don’t want to tell anyone but you. The half-lives of the three isotopes are pretty accurately determined; they can be separated from all the elements except barium; all reactions are correct. Except for one—unless there are some very weird accidental circumstances involved: the fractionation doesn’t work. We are more and more coming to the awful conclusion that our Ra isotopes behave not like Ra, but like Ba. Strassmann and I agree that for the time being nobody should know but you. Perhaps you can put forward some fantastic explanation. We ourselves realize it can’t really burst into Ba.”


Fritz Strassmann: Lise Meitner was the intellectual leader of our team, and therefore she belonged to us—even if she was not present for the “discovery of fission.”


Otto R. Frisch: When I came out of my hotel room after my first night in Kungälv I found Lise Meitner studying a letter from Hahn and obviously worried by it. I wanted to tell her of a new experiment I was planning, but she wouldn’t listen; I had to read that letter. Its content was indeed so startling that I was at first inclined to be skeptical.


Laura Fermi: Lise Meitner became the first scientist outside Germany to learn of Hahn’s and Strassmann’s discovery. She realized what had happened—some uranium atoms had split into two almost equal parts. In order to talk the matter over at leisure, the aunt and nephew took a long walk in the snow. Physical exercise, they thought, might clear their minds. Lise Meitner did most of the talking, urgently, convincingly.


Otto R. Frisch: We both sat down on a tree trunk—all that discussion had taken place while we walked through the wood in the snow, I with my skis on, Lise Meitner making good her claim that she could walk just as fast without—and started to calculate on scraps of paper. Lise Meitner remembered the empirical formula for computing the masses of nuclei and worked out that the two nuclei formed by the division of a uranium nucleus together would be lighter than the original uranium nucleus by about one-fifth the mass of a proton. Now whenever mass disappears energy is created, according to Einstein’s formula E = MC2, and one-fifth of a proton mass was just equivalent to 200 MeV. It all fit!


Arthur Holly Compton: Here would be a source of energy enormously greater than any that science had heretofore known.


Laura Fermi: Once he became convinced, Frisch felt, like his aunt, that they should not keep the news to themselves. They decided to inform Niels Bohr at once. Bohr lived in Copenhagen, Denmark, and so aunt and nephew hastened from Sweden to that city.


Otto R. Frisch: I traveled to Copenhagen in considerable excitement. I was keen to submit our speculations—it wasn’t really more at the time—to Bohr, who was just about to leave for the U.S.A. He had only a few minutes for me; but I had hardly begun to tell him when he smote his forehead with his hand and exclaimed: “Oh what idiots we all have been! Oh but this is wonderful! This is just as it must be! Have you and Lise Meitner written a paper about it?” Not yet, I said, but we would at once; and Bohr promised not to talk about it before the paper was out.


Arthur Holly Compton: The conversation became so intense that only with difficulty could Bohr tear himself away to catch the train.


Otto R. Frisch: The paper was composed by several long-distance telephone calls, Lise Meitner having returned to Stockholm in the meantime. I asked an American biologist who was working with Hevesy what they call the process by which single cells divide in two.


William A. Arnold, Frisch lab partner: Frisch looked up at me and said, “You work in a microbiology lab—what do you call the process in which one bacterium divides into two?” I answered “Binary fission.” He wanted to know if you could call it “fission” alone, and I said you could.


Otto R. Frisch: “Fission,” he said, so I used the “nuclear fission” in that paper. It was sent off to Nature. About five weeks passed before Nature printed those notes.


John A. Wheeler, nuclear physicist, Met Lab: On Monday, January 16, 1939, I taught my morning class at Princeton University, then took a train to New York and walked to the dock where the Danish physicist Niels Bohr was scheduled to arrive on the MS Drottningholm. I was not the only one who decided to welcome Bohr personally. While I was waiting on the dock, who should turn up but the Italian physicist Enrico Fermi and his wife, Laura, who, with their two children, had arrived in the United States only two weeks earlier.


Herbert L. Anderson: Bohr came through New York on his way to Washington. He was anxious to see Fermi’s reaction to his great news. Bohr came right over and grabbed me by the shoulder. “Young man,” he said, “let me explain to you about something new and exciting in physics.” Then he told me about the splitting of the uranium nucleus. Suddenly everything I had done in the last five years began to make sense. Neutrons brought about the fission of uranium, and neutrons had become my field.


I. I. Rabi: By nightfall Fermi was already speculating on the size of the crater which would be produced if one kilogram of uranium were to disintegrate by fission. Similar scenes were occurring all over the world. The race for the atomic bomb was on.


Luis Alvarez: I learned about the discovery of nuclear fission in the Berkeley campus barbershop while my hair was being cut. Buried on an inside page of the San Francisco Chronicle was a story from Washington reporting Niels Bohr’s announcement that German chemists had split the uranium atom by bombarding it with neutrons.


Associated Press, “200 Million Volts of Energy Created by Atom Explosions,” San Francisco Chronicle, Monday, January 30, 1939, page 2: American scientists heard today of a new phenomenon in physics—explosion of atoms with a discharge of 200,000,000 volts of energy.


Luis Alvarez: I stopped the barber in mid-snip and ran all the way to the Radiation Laboratory to spread the word.


Philip H. Abelson: 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. When Alvarez told me the news, I almost went numb.


Luis Alvarez: As people arrived at the laboratory that morning, we told them the news. Everyone found it hard to believe. I tracked down Robert Oppenheimer. He instantly pronounced the reaction impossible and proceeded to prove mathematically that someone must have made a mistake. The next day Ken Green and I demonstrated the reaction. I invited Robert over to see the very small natural alpha-particle pulses on our oscilloscope and the tall, spiking fission pulses, twenty-five times larger. In less than fifteen minutes he not only agreed that the reaction was authentic, but also speculated that in the process extra neutrons would boil off that could be used to split more uranium atoms and thereby generate power or make bombs. It was amazing to see how rapidly his mind worked.


Glenn Seaborg: I do not recall ever seeing Oppie so stimulated and so full of ideas. As it turned out, I was privileged to witness his first encounter with the phenomenon that was to play such an important role in shaping the future course of events in his life.


J. Robert Oppenheimer, letter to William Fowler, January 1939: The U business is unbelievable. We first saw it in the papers, wired for more dope, and have had a lot of reports since. In how many ways does the U come apart? At random, as one might guess, or only in certain ways? It is I think exciting, not in the rare way of positrons and mesotrons, but in a good honest practical way.*


Philip Morrison: When fission was discovered, within perhaps a week there was on the blackboard in Robert Oppenheimer’s office a drawing—a very bad, an execrable drawing—of a bomb.









“We were all green”


ADJUSTING TO THE NEW WORLD
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Albert Einstein and Leo Szilard worried together about the possibility of a bomb.


For the still-tiny circle of scientists who understood the potential of fission, the leap from the theoretical to the potential of an atomic bomb came quickly and with fierce urgency given how many had fled Nazism and the creep of authoritarian regimes of Europe. They resolved to force their newly adopted home country of the US to pay attention.


Eugene Wigner: Eagerly, Leo Szilard and I discussed the atomic bomb with our university colleagues. Szilard knew the crucial questions: How could we reach the men who controlled American warfare? And how could we persuade them of the military value of an atomic bomb project? Our academic colleagues, for all of their eminence, had little authority in warfare and few resources. Szilard knew that we could hardly make an atomic bomb without federal support. But he disliked this idea; and like most men he was reluctant to face that which he disliked. He was afraid that the government would saddle uranium research with an awful load of bureaucracy.


Arthur Holly Compton: In the United States the first steps toward putting atomic energy to military use were taken almost immediately after uranium fission was discovered. At the urging of Szilard and Fermi, Professor George B. Pegram of Columbia University wrote to Admiral S. C. Hooper, then director of the technical division of naval operations.


Eugene Wigner: Enrico Fermi was invited to meet some Navy men, including a man named Ross Gunn. The talk was a distinct failure. Fermi got nothing more from it but $2,000 for isotope research. The Army and the Navy had their own thinking, and they found atomic bombs alien. They said, “It’s just some crazy worrying by a few foreigners.” And, in a way, they were right. There was something crazy about touting an atomic bomb, when so little of the crucial work had been done.


Laura Fermi: On that same March 16 when Professor Pegram had written his letter, Hitler had annexed what was left of Czechoslovakia after the Munich dismemberment. War was approaching. There could be little doubt of it.


Edward W. Beattie, Jr., correspondent, United Press: The murder of Czechoslovakia is just a little red-inked stamp on page 19 of my passport, with the date of March 14, 1939, and the word “Prejezd,” which I guess must mean entry. There is no exit stamp because the German army marched in next day, and it took a military pass to leave Prague. The one scene that was most poignant was the entry of the first heavy German column into Wenceslas Square in midmorning of March 15. Dense snow slanted down. The crowd jammed so close it was almost impossible to move. A rumble grew down the side street, and the first German tanks and armored cars, their crews sitting tight-lipped with sub-machine guns at the ready turned into the square. As they clattered across the pavement, a wave of sound swept with them and grew into a chorus of thousands of voices, as the Czechs sang their national anthem into the mouths of German guns.


Edward Teller: The four of us who had worked in Germany knew well the excellence of the physicists who were likely to be considering similar questions about fission. We argued that, from now on, we should not publish the results of fission research lest the Nazis learn from them and apply them to making a nuclear explosive. Bohr, however, took the opposite view with deep conviction.


Niels Bohr: Openness is the basic condition necessary for science. It should not be tampered with.


Edward Teller: He thought we were unduly alarmed: Separating the two forms of uranium and accumulating a sufficient quantity of U-235 would require efforts so huge as to be impractical. “You would need to turn the entire country into a factory,” he declared.


Arthur Holly Compton: Now that a chain reaction appeared likely, uranium fission became a matter involving the nation’s safety. At Leo Szilard’s urgent plea, the new discovery was withheld from publication.


* * *


Leo Szilard: At this point both Wigner and I began to worry about what would happen if the Germans got hold of large quantities of the uranium which the Belgians were mining in the Congo. We began to think: Through what channels could we approach the Belgian government and warn them against selling any uranium to Germany? It occurred to me that Einstein knew quite well the Queen of the Belgians, and so I suggested [to Wigner] that we visit Einstein, tell him about the situation, and ask him whether he might not write to the Queen.


Eugene Wigner: Einstein somehow knew the Belgian Royal Family, so we felt he ought to write this letter. It was not customary for physicists to be on familiar terms with European royalty, but then Einstein was not an ordinary physicist.


Leo Szilard: We knew that Einstein was somewhere on Long Island but we didn’t know precisely where, so I phoned his Princeton office and I was told he was staying at [a] Dr. Moore’s cabin at Peconic, Long Island. Wigner had a car and we drove out there and tried to find Dr. Moore’s cabin.


Eugene Wigner: July 16, 1939, was a Sunday. Szilard and I got terribly lost trying to find the house.


Leo Szilard: We drove around for a half an hour, asking everybody we met—no one knew Dr. Moore’s cabin.


Eugene Wigner: We knew the street name, and along the way asked a good many people where the street was. No one could tell us.


Leo Szilard: We were on the point of giving up and going back to New York when I saw a boy aged maybe seven or eight standing on the curb. I leaned out of the window and I said, “Say, do you by any chance know where Professor Einstein lives?” The boy knew that and he offered to take us there, though he had never heard of Dr. Moore’s cabin.


Eugene Wigner: There we found Einstein dressed in an old shirt and unpressed pants, apparently perfectly content to be thinking only of physics.


Leo Szilard: We discussed the situation with Einstein. This was the first Einstein had heard about the possibility of a chain reaction. He was very quick to see the implications and perfectly willing to do anything that needed to be done.


Eugene Wigner: Einstein was not interested in nuclear physics. Indeed, he thought that all of quantum theory was largely an error. And who knows, perhaps someday Einstein will be proved right on that; though, if so, it has certainly been quite a useful error. On this July day, we spoke deeply. As usual, we spoke German. Einstein was quite receptive. Though he had rarely thought about nuclear chain reactions before, within ten minutes he grasped the situation. He understood the meaning of a chain reaction scientifically, remarking that for the first time in history, men would tap energy from a source other than the sun.


Leo Szilard: Einstein was willing to assume responsibility for sounding the alarm even though it was quite possible that the alarm might prove to be a false alarm. The one thing that most scientists are really afraid of is to make a fool of themselves. Einstein was free from such a fear and this above all is what made his position unique on this occasion.


Eugene Wigner: Einstein realized the political and military meaning of nuclear fission: that it could yield explosives strong enough to make the Nazis invincible. And Einstein was just as horrified as I was by that prospect. He volunteered to do whatever he could to prevent it.


Leo Szilard: This story shows that we were all green. We did not know our way around in America, we did not know how to do business, and we certainly did not know how to deal with the government.


Herbert L. Anderson: Szilard acted on a suggestion from Gustav Stolper, a Viennese economist and friend of long standing. He went to see Alexander Sachs, a Lehman Corporation economist, reputed to have ready access to the White House.


Leo Szilard: Stolper telephoned Dr. Sachs and I went to see him and I told him my story. Sachs said that if Einstein were to write a letter he would personally deliver it to President Roosevelt, and that he thought that it was no use going to any of the agencies, the War Department, or any of the government departments, because they would not know how to handle this. This should go to the White House.


Alexander Sachs: I felt it was essential that an opinion should be written by the one man whom the world recognized as the preeminent scientist of our day—not only the preeminent scientist but one of the greatest humanitarians because he had left Nazism. He had anticipated the trend of events.


Herbert L. Anderson: The best approach was to go directly to the top.


Leo Szilard: This sounded like good advice, and I intended to follow it. In the meantime Teller had arrived in New York and I asked Teller to drive me out to Long Island—he had a car.


Edward Teller: In early August, he asked, “Could you drive me to the end of Long Island to see Einstein tomorrow?” Szilard accomplished the extraordinary, but he had not learned to drive. Unfortunately, Szilard knew only Einstein’s general whereabouts, not his address. Once we were in the right neighborhood, we began inquiring about the famous professor, with no result. Finally, we asked a little girl with long braids, about eight years old. She had never heard of Professor Einstein, but she knew a nice old man with long white hair. We were, she told us, almost in front of his house.


Leo Szilard: Teller and I discussed with Einstein this new approach of writing to the President. Einstein was perfectly willing to do this. We discussed a little bit what should be in this letter. I said I would draft it and send Einstein perhaps one or two drafts for him to choose. I prepared a long draft and a short draft.


Janet Coatesworth, secretary to Leo Szilard: I was quite young when I worked as his secretary, but he was always very patient with me. He was dictating one day in 1939 and he mentioned a “dreadful weapon” and he also said something about writing to the President of the United States. That convinced me! I was sure I was working for a “nut”! A nice nut, but a nut. I am quite certain he was aware of this most unflattering judgment of mine, for he began to look very amused and his face took on a look of absolute mischief and merriment.


Leo Szilard: We did not know just how many words one could put in a letter which a President is supposed to read. How many pages does the fission of uranium rate? So I sent Einstein a short version and a longer version; Einstein thought the longer one was better.


Edward Teller: Einstein read the letter with great care. Einstein signed the letter, and we left.


Albert Einstein, letter to President Franklin D. Roosevelt: 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.


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 new phenomenon would also lead to the construction of bombs, and it is conceivable—though much less certain—that extremely powerful bombs of a new type may thus be constructed. A single bomb of this 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. In view of the situation you may think it desirable to have more permanent contact maintained between the Administration and the group of physicists working on chain reactions in America.


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.


Leo Szilard: The letter was dated August 2, 1939. I handed it to Dr. Sachs for delivery to the White House.


Alexander Sachs: I sought and waited for a proper opportunity to see the President. I felt the mere delivery of memoranda was insufficient. Our system is such that national public figures are punch-drunk with printer’s ink. This was a matter that the Commander in Chief and the head of the Nation must know. I could only do it if I could see him for a long stretch and read the material so it came in by way of the ear and not as a soft mascara on the eye.


Eugene Wigner: Within two months, England and Germany were at war.


Gen. Douglas MacArthur: On September 1, 1939, Hitler attacked and successfully overran Poland.


Stanislaw Ulam: It was a very hot, humid, New York night. I could not sleep very well. It must have been around one or two in the morning when the telephone rang. Dazed and perspiring, very uncomfortable, I picked up the receiver and the somber, throaty voice of my friend the topologist Witold Hurewicz began to recite the horrible tale of the start of war: “Warsaw has been bombed, the war has begun,” he said. At that moment, I suddenly felt as if a curtain had fallen on my past life, cutting it off from my future. There has been a different color and meaning to everything ever since.


Otto R. Frisch: Hitler had been presented with an ultimatum, asking him either to withdraw his troops from Poland or to consider himself at war with Britain; we all sat round the radio and there was a great feeling of tense sobriety when we were told that the deadline had passed and that the war was on.


Luis Alvarez: War came to Europe and changed all our lives.


* * *


Alexander Sachs: I brought the material over to President Roosevelt and met with him on October 11, 1939. The President remarked, “Alex, what you are after is to see that the Nazis don’t blow us up.” I said, “Precisely.” He then called in [military aide] General [Edwin] Watson, lovable “Pa” Watson, and said, “This requires action.” General Watson went out with me and the informal group was established.


Edward Teller: Roosevelt acted at once. The president set up an Advisory Committee on Uranium, and appointed D. Lyman Briggs, the head of the Bureau of Standards, its chairman. Briggs called a meeting for October 21.


Eugene Wigner: The first meeting I attended at the National Bureau of Standards was in Washington, D.C., on October 21, 1939. Early in the meeting, Szilard pointed out that making a chain reaction would require money to perform experiments and to acquire uranium supplies and graphite. Szilard also suggested creating a permanent committee between the physicists and the government. Teller and I supported Szilard. The colonels kept rather aloof. I had the feeling that these soldiers and government men were just like the others I had approached: they were friendly, they smiled, but they never expected to see a working atomic bomb in this world.


Leo Szilard: The Washington meeting was followed by the most curious period in my life. We heard nothing from Washington at all. I had assumed that once we had demonstrated that in the fission of uranium neutrons are emitted, there would be no difficulty in getting people interested; but I was wrong. It is an incredible fact, in retrospect, that between the end of June 1939 and the spring of 1940, not a single experiment was under way in the United States which was aimed at exploring the possibilities of a chain reaction in natural uranium.


Arthur Holly Compton: The failure of the appeal of Einstein and his associates hinged on the fact that research in new fields of science had not been recognized by the United States government as a significant source of national strength. There was at Washington no individual or office having power to deal adequately with a new scientific development whose importance, though urgent and vital, was ill defined. It was simply not in our tradition. The truth is that our government, like its citizens, even in late 1939, had hardly begun to ready itself for war.


Edward Teller: During that academic year, the fission research at Columbia developed slowly. I was uncertain whether I wanted to remain a bystander or become a participant. I was content and pleased with the way my small world was running. Although I was happy in academia, the possibility of the new weapon made me worry.


In early May 1940, together with a few thousand other scientists, I was invited to attend a Pan American Congress at which President Roosevelt was to speak. Two days before the meeting, the phony war turned into a fast-moving conquest. Using modern tanks and dive bombers to prepare the way, the Nazi armies swept triumphantly through Holland, Belgium, and Luxembourg. The Nazi Blitzkreig, the lightning-strike war, was terrifyingly effective. I decided to accept the invitation and hear the president. President Roosevelt talked that day about inherent human rights and the blessings of democracy, and about the progress made through science and technology in conquering disease and poverty. Then he became more specific about the war.
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