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PREFACE



MY FATHER WAS A PARTICLE PHYSICIST. IN 1962, HE AND TWO of his colleagues conducted an experiment that demonstrated the existence of two distinct types of “neutrinos,” ghostly subatomic particles that can pass through hundreds of millions of miles of lead without bumping into a single atom. Hypothesized in a leap of imagination by the acerbic Viennese physicist Wolfgang Pauli, the neutrino’s creation in radioactive processes was first explained by Enrico Fermi, who also gave the particle its Italianate name, meaning “little neutral one.” The 1962 experiment—a direct legacy of one of Fermi’s most famous scientific achievements—made the front page of the New York Times and won my father and his collaborators the 1988 Nobel Prize in Physics.


My connection to Fermi might well have been more direct if it were not for my father’s stubbornness as an undergraduate. When he was a senior at Columbia in 1953, my father approached his favorite teacher, Jack Steinberger, and said that he wanted to stay at Columbia for his doctorate. He asked Jack to be his thesis adviser. Quite sensibly, Jack explained that it would be a mistake for my father to stay at Columbia and suggested doing a doctorate at the University of Chicago with Fermi. Jack had been one of Fermi’s first postwar graduate students, and the experience had changed Jack’s life. With all the callowness youth can muster, my father objected that if he went to Chicago he would lose all the graduate credits he had accumulated as an undergraduate at Columbia. Jack relented and went on to become my father’s thesis adviser and then collaborator on the 1962 neutrino experiment.


So I always knew that Enrico Fermi was an important physicist, at least as far as my household was concerned.


My father passed away in 2006, at the relatively young age of seventy-three. Some seven years later, my mother called with the news that she had finally gone through a file cabinet my father kept in the family garage. She found hundreds of papers and documents stashed away and had no idea what to do with them. I suggested that she send them to me. When they arrived, I went through them and pulled out a series of entertaining letters and papers by a physicist named Valentine Telegdi. Telegdi was a young Fermi colleague in the early 1950s and a close friend of my father. One of the things he had sent my father was a paper he wrote about Fermi’s years at the University of Chicago after the war. Telegdi’s paper on Fermi, subsequently published in a collection of essays on great professors at Chicago edited by Edward Shils, was an eye-opener. I read with fascination about a physicist of astonishing breadth and depth, someone as adept in experiment as in theory, and a world-class teacher, to boot. Finishing the paper, I decided to get a good recent biography of the great man.


To my amazement, the most recent biography in English (as of summer 2013) was the one written by his first graduate student and later close colleague and friend, Emilio Segrè. It was published in 1970. In the forty-odd years since then, an enormous amount of Nobel Prize–caliber research has extended Fermi’s legacy in the physics world. In addition, much has been published in the way of memoirs and historical studies to enhance our understanding of Fermi and his place in the world of physics. It seemed unjust to me that Fermi—one of the most dominant and most interesting figures in twentieth-century physics—was not as well known to the general public as Einstein or Feynman or Oppenheimer, about whom the public seems to have an insatiable interest.


By the late fall of 2013, I decided to write a full-length, general reader biography of the man, encompassing his scientific achievements, his personal life, and his legacy in a way that would bring him to life for a new generation of readers. Basic Books was willing to give me the opportunity to do so. It has been quite a journey.


I am not a physicist and this is not a physics book. This is a book about a man who happened to be an extraordinary physicist and who also led an eventful, dramatic life. The physics is important, of course, but you will not find equations, Feynman diagrams, or the like in this book. You will find what I hope to be straightforward descriptions of his science, accessible to the lay person. For anyone interested in a deeper level of understanding of his achievements, the best source by far is Fermi’s own writings, lovingly collected by his colleagues in two volumes published in the early 1960s by University of Chicago Press, Enrico Fermi: The Collected Papers. This two-volume set stands as his scientific biography and is accessible to anyone who majored in physics in college. The clarity and simplicity of Fermi’s style of science writing are hallmarks of his unique approach.


What you will find in this book, I hope, is a narrative that brings the whole person into focus. It is tempting to say, as did many of his colleagues, that he was “all physics, all the time,” and there is an element of truth to this. But he was also a husband, a father, a colleague, and a friend. He played a central role in some of the most important events of the twentieth century. The drama of his life can only be appreciated through an examination of all of these aspects.


Unfortunately, the story cannot be told as directly as a biographer would like. Fermi was prolific in his professional publications but revealed very little of himself or his inner life. Diaries simply do not exist, and personal letters are few and far between and provide little, if any, personal insight. His numerous pocket diaries are filled with physics doodles and brief accounts of his expenditures on various trips. One searches in vain for anything intimate. The biographer is left triangulating among the various source materials available: the memoir written by his wife of their life together, published in 1954, the year he died; the 1970 Segrè biography mentioned above; memoirs and reminiscences of those who studied with him and those who worked with him, both in his native Rome and in his adopted country, the United States. Fortunately, the results of such triangulation provide a fairly consistent portrait. Still, some mysteries about what he did, and why, will probably never be resolved. I have tried to illuminate where I can and note carefully where such illumination is impossible.


Strangely, although my father and I discussed the contribution of many physicists over the years, I cannot recall ever discussing Enrico Fermi with him. To my regret, he did not live to see me undertake this project. In retrospect, he might well have been inspired by Fermi. My father was also a fine experimentalist and an outstanding teacher, able to convey complex ideas in simple, compelling ways. Whenever I asked him to explain something to me, his first words were invariably “David, that’s trivial!” And he would make it seem so to me. I am sure he would be surprised that I chose to embark on this project and I hope he would be pleased.













INTRODUCTION



HE WAS BORN IN ROME, ITALY, ON SEPTEMBER 29, 1901, AND died in Chicago, Illinois, on November 28, 1954. His life spanned two world wars, and though he was too young to participate in the first, his contribution to the outcome of the second was pivotal and made him world famous. His life also spanned the two major intellectual revolutions of the twentieth century—relativity and quantum theory—and though his contributions to the first were notable, his contributions to the second established him as one of the greatest scientists of his day, indeed, one of the greatest scientists of all time.


To no one’s surprise he won a Nobel Prize in 1938.


He made friends easily and inspired passionate loyalty. Those who knew him wept openly when they learned of his premature death at the age of fifty-three. Newspapers around the world carried his death on their front pages, befitting his status as one of the most famous scientists of his day.


His name was Enrico Fermi.


THE ARC OF HIS LIFE IS QUICKLY SUMMARIZED. BORN IN ROME AT the turn of the century, he was a child prodigy, and by the time he arrived at university he had mastered all of classical physics. Because no one in Italy was teaching relativity or quantum theory, Fermi spent his university education teaching himself these subjects; when he graduated he had already published in professional journals. After graduation he studied briefly in Germany and in Holland, returned to the University of Rome for a period as a lecturer, and then won a position at the University of Florence, where he made his first, and some say most important contribution—a method to bring quantum mechanical rules into the field of statistical mechanics. Two years later he won a competition for a professorship in theoretical physics at the University of Rome under his powerful mentor, Orso Mario Corbino. He built one of the major international schools of modern physics and made several extraordinary contributions: a theory that explains a puzzling type of radioactive process called “beta decay”; the discovery that certain elements, when bombarded with neutrons, become radioactive; and the discovery that the intensity of this induced radioactivity increases when the neutrons are slowed down prior to hitting these elements.


He chose the opportunity of his Nobel Prize in 1938 to leave fascist Italy via Stockholm for a faculty position at Columbia University. Shortly thereafter he learned, to his astonishment and embarrassment, that German scientists replicating his 1934 experiments bombarding uranium with neutrons concluded Fermi had been splitting uranium atoms without knowing it. With this knowledge, he and Hungarian émigré Leo Szilard began to explore the possibility of creating a sustained nuclear chain reaction with uranium. After moving the project to the University of Chicago at the request of the US government, Fermi and a large team of fellow physicists and others succeeded in doing so on December 2, 1942, officially ushering in the nuclear age. He was a central figure in the design of plutonium production reactors for the Manhattan Project and in the summer of 1944 moved to Los Alamos, where the first atomic bombs were designed and built. He played a key role in solving the many theoretical and practical problems involved in this final phase of the Manhattan Project. He witnessed the first detonation of an atomic bomb, known as the Trinity test, at Alamogordo, New Mexico, on July 16, 1945.


After the war, Fermi returned to the University of Chicago, where he continued research in nuclear physics and pioneered high-energy physics experiments on Chicago’s new particle accelerator. He spent summers at Los Alamos working on the hydrogen bomb, known as “the Super,” and pioneering the use of computers for simulating complex physics problems. He also studied cosmic rays and astrophysics and took on a full teaching load at the University of Chicago, eventually advising a string of future Nobel laureates and many others who went on to brilliant, high-profile careers. During this period, he advised the US government on all aspects of nuclear technology policy and came to the defense of his Manhattan Project colleague J. Robert Oppenheimer during 1954 hearings on the latter’s security clearance. Fermi died of stomach cancer in November 1954 at the age of fifty-three, leaving behind an indelible mark on virtually every aspect of physics.


THESE ARE THE FACTS ON WHICH ALL AGREE. SEARCHING FOR A richer portrait, one comes across the inevitable outliers. One author portrays him as a “puerile” prankster consumed by jealousy of his more brilliant student Ettore Majorana. Another paints the picture of the greatest scientist in Western history. The consensus not surprisingly lies somewhere in between.


In his youth he was fond of the occasional juvenile prank, but he matured out of this well before he left Rome for the United States. Far from impeding Majorana’s career, Fermi strongly promoted the brilliant introvert’s groundbreaking work.


Fermi was certainly an extraordinary physicist, one of his generation’s greatest, but to argue that he was history’s greatest reflects more the passion he could inspire in those who worked with him than it does his actual place in history.


He had a formidable power of physical intuition and a disciplined, methodical technique that allowed him to crush physics problems in ways that amazed and awed his colleagues. He had a charisma that defies easy analysis—modest, yet fully aware of his superiority over most of the physicists with whom he worked, personally reticent and yet highly gregarious, able to discern the objective and lead others relentlessly toward it, blunt but never nasty, and capable of a self-deprecating wit that immediately put people at ease. No other physicist has ever received such affectionate postdeath tributes. One looks in vain for tributes to other physicists that compare to To Fermi with Love, a two-record set of reminiscences by those who worked with him at Argonne Labs outside Chicago, or The World of Enrico Fermi, the Canadian Broadcasting Company’s lovingly produced documentary of his life and times. Those who worked with him often jostled with each other to secure the mantle of Fermi’s legacy.


He could be collegial but was also highly competitive. Reminiscences from his students paint an inconsistent picture. Those from the early days in Rome speak of a man insensitive to the career difficulties of those around him and completely disinterested in their personal travails. Those who studied with him in Chicago universally comment on his generosity of spirit and ability to connect with those around him and attribute their future successes to his fortuitous interventions.


In other words, the picture is a complex one, hardly surprising given that he was a complex individual in a highly complex world.


SOME WOULD ARGUE, AS DID HIS OLD FRIEND AND COLLEAGUE ISIDOR Isaac (I. I.) Rabi during an interview for the CBC documentary, that the only thing interesting about Fermi was his science, that beyond the science the details of his life are trivial and not worth exploring. Although this is a common view among scientists, who tend to view scientific achievement as distinct from the individual who achieved it, it misses the point. The circumstances of Fermi’s life determined much of what he achieved, and had the chips fallen some other way, his career—and our world—would be different. If Laura had agreed to move to the United States when Fermi first wanted to in 1930, how different would have been the trajectory of his science? We can imagine his coming to the same conclusions regarding beta decay, but would his work on slow neutrons have proceeded the same way with a different, American team? Would that team have discovered fission in 1934, with the benefit of better (or luckier) radiochemists? One can imagine the arc of Fermi’s research altering considerably with an earlier immigration to the States, with unpredictable results. Perhaps he would have delved into high-energy particle physics earlier, although the accelerators available in the 1930s did not have the energy to explore the subatomic world that became the focus of Fermi’s postwar research in Chicago. Even as late as 1939, much of his research agenda seems accidental, particularly the odd set of circumstances that threw Fermi and Szilard together in an historic partnership beginning in early 1939. If in January 1939 Fermi had shown up in Ann Arbor instead of Manhattan, would Szilard have sought him out? Would Fermi have been a central player in the experiments leading to the first chain reaction?


All these questions are essentially imponderables. Still, the very fact that they are imponderable leads to the conclusion that, in common with all scientists of great stature, the specific circumstances of Fermi’s life had an enormous impact on his scientific career. So though one doesn’t need to know much about Fermi’s personal life to study his specific scientific achievements—it is possible, for example, to read the beta decay paper without having any insight whatsoever into the circumstances of its creation—it is incorrect to conclude that an understanding of Fermi’s life is irrelevant to our understanding of his life as a scientist. It is, indeed, essential to grasp the relationship of circumstance to scientific creativity and achievement, to comprehend how history, personality, and circumstance combine to shape the development of any particular scientific achievement. In another context, the British historian of science Charles Percy (C. P.) Snow put it succinctly when he wrote, “If Fermi had been born a few years earlier, one could well imagine him discovering Rutherford’s atomic nucleus, and then developing Bohr’s theory of the hydrogen atom. If this sounds like hyperbole, anything about Fermi is likely to sound like hyperbole.” Snow was alluding to Fermi’s brilliance, but this assessment underscores the importance of circumstance in the development of a scientific career. Yes, Fermi may have discovered the atomic nucleus, he may have thought of the Bohr model of the atom, but he never had the opportunity to do so because he was born two decades too late. We are all are prisoners of the era into which we are born, scientists being no exception.


THE RECEIVED NARRATIVE OF HIS LIFE RINGS TRUE, BUT IT OBSCURES as well as illuminates. Why is there such a difference between the memories of his Italian students and those of his American students, particularly in regard to Fermi’s willingness to encourage them and to promote their careers? Why did he remain so long in Italy, working under a thuggish, essentially evil regime? Was there a part of him that grudgingly supported the fascist dictatorship? Did he really decide to come to the United States only when Mussolini promulgated the anti-Semitic laws that would have targeted his wife? Was he an enthusiastic participant in the Manhattan Project, as so many of the histories of the period suggest? Or was he perhaps somewhat reluctantly pulled along by events out of his control? In October 1949, he was an outspoken opponent of the development of the hydrogen bomb, but by the summer of 1950 he was working intensively on the project. Why? Any biographer must grapple with these questions, even if there are, in the end, no clear-cut answers.


HIS FAME DIMINISHES, EVEN AS HIS LEGACY GROWS.


Perhaps the most enduring of his discoveries as far as the general public is concerned are those relating to his work on the atomic bomb, for which he earned the sobriquet “father of the nuclear age.” Even this, though, raises some important questions. The history of the Manhattan Project is the history of many thousands of scientists, engineers, soldiers, and others who had a hand in bringing about the development of nuclear weapons. Where the epithet most clearly fits is in his role in the development of the first nuclear reactors, devices that demonstrated the possibility of nuclear fission chain reactions that form the basis for nuclear explosions and that served as the production engines for plutonium, the element that formed the core of one of the two atomic bombs that ended World War II. These reactors were built in great haste, under enormous pressure, largely without well-formed engineering plans. Indeed, the first one, at the University of Chicago, emerged more or less fully formed directly from Fermi’s brain. In retrospect, the amazing fact is that they worked as anticipated and that the effort was scalable to a degree that astonishes engineers even today.


His role in the development of the atomic bomb itself is more difficult to assess, being that of a highly valued adviser rather than an architect or designer. In the traditional narratives he is overshadowed by the scientific director of the project, J. Robert Oppenheimer, a physicist as different from Fermi as it is possible to be. But when in the summer of 1944 the work at Los Alamos came to a grinding halt owing to unforeseen technical problems, it was to Fermi that Oppenheimer appealed, asking him to come to the secret city on a New Mexican mesa to help inspire and lead. Fermi did so effectively and without complaint.


For physicists, several of his other achievements rank far higher than those of the Manhattan Project, if not existentially then certainly scientifically. His success in integrating quantum rules into statistical mechanics, in what we now call Fermi-Dirac statistics, is the basis for virtually all condensed matter physics and much else besides. Fermi-Dirac statistics are, if anything, even more useful today than they were when they were proposed in 1926. His 1933 theory of beta radiation, though not considered precisely accurate today, gave rise to an enormous amount of fascinating research in particle physics, resulting in more than a dozen Nobel Prizes to date. After World War II his experimental work in high-energy particle physics helped to lay the groundwork for the quark theory of matter and the Standard Model of particle physics, producing another string of Nobel Prizes. Alone among his true peers, his expertise extended across both theory and experiment, a significant anomaly among world-class physicists. And though he may have had a handful of peers in either theory (Paul Dirac, Werner Heisenberg, Wolfgang Pauli) or experiment (Arthur Compton, James Franck, I. I. Rabi), in the art of teaching, he had none. Some five of his graduate students went on to win Nobel Prizes and several other future Nobel Prize winners thought of him as their primary graduate or postgraduate mentor. In terms of influence as a teacher and mentor, he was truly unique.


IT IS THIS COMBINATION OF LASTING SCIENTIFIC ACHIEVEMENT AND profound influence on several generations of physicists, in the United States and in Italy, that make his story directly relevant to us today. Underlying these achievements was a foundation built on enormous talent, but equally important, on a disciplined, almost terrifyingly comprehensive effort as a young man to teach himself all of known physics. During the period in which he laid down this awe-inspiring foundation, he also developed a unique way of thinking about problems that allowed him to achieve what he did and to inspire those around him. He learned at an early age how to strip a problem to its essentials and structure the solution in a straightforward manner, invariably starting at the right place and avoiding complications that might bedevil others. He used this technique in a wide variety of settings, notably in solving problems that now bear his name. “Fermi problems” can be simplified into a finite set of variables whose values can be estimated to within an order of magnitude. Linking those variables together not only provides a quick, rough-and-ready solution but also forces one to think about the elements of the problem that are essential and those that can be safely discarded. Fermi problems often have at their core estimates of the probability of one event or another occurring. This was the type of problem that Fermi excelled in solving, in part because during that formative period of his intellectual development he mastered probability and statistics as a central part of his scientific repertoire. Calculations of probabilities run like a bright thread throughout his work and at several crucial points in his career provided a focus for his most important breakthroughs—the Fermi-Dirac statistics, for example, or his later fascination with Monte Carlo simulations. This way of thinking, which he passed along to colleagues and students, is one of his greatest legacies. Recruiters at firms like McKinsey and Goldman Sachs pepper potential hires with Fermi problems to see how they think and probably never realize the debt they owe to this giant of modern physics.


Fermi’s ability to grind out solutions to difficult problems using a well-developed toolkit of techniques was paired with an extraordinary sense of what problems were important and an affinity for the quick-and-dirty solution when appropriate to his needs. The former set him apart from most of his contemporaries and ensured that he would be at the forefront of his field throughout his career. The latter was sometimes misinterpreted as laziness or, worse yet, a fear of complex mathematics. He was neither lazy nor afraid—he had enormous reserves of energy that drove him to work longer and harder than many younger colleagues, and he was a fine mathematician, able to hold his own with geniuses like John von Neumann—but he valued his time and chose to work only hard enough to get a practical solution. He once quipped to his daughter, Nella, “Never make something more accurate than necessary.” Offered in the context of some unattractive but functional carpentry for the living room of the family home, it was a philosophy that also guided him in physics.


HE MAY HAVE BEEN A WORLD-CLASS PHYSICIST, BUT HE WAS NOT A world-class family man.


As a husband he could be a frustrating and sometimes infuriating person to live with, as his wife Laura makes clear in her largely affectionate but sometimes arch account of their marriage, Atoms in the Family, published in 1954, just prior to his death. The incessant teasing, the long periods—sometimes months—spent away from her, his unwillingness to take her into his confidence during his work on the Manhattan Project all took their toll. Physics was the most important thing in his life and everything else took second place. Laura knew this when she married him, of course, and if she had any illusions to the contrary, they were shattered the afternoon during their honeymoon when he insisted on teaching her Maxwell’s equations. There is no doubt, however, that they loved each other and eventually accommodated themselves to each other’s idiosyncrasies, as most successful couples do.


He was also not the best of fathers. He helped Laura little in domestic matters relating to raising their children, and Laura seems not to have expected anything different. His daughter, Nella, had great affection for him, although even she admits he could be distant. His son, Giulio, chafed at living in his father’s shadow and ultimately put as much distance as possible between himself and his family legacy. Whether Fermi was any worse a father than other successful, driven men of the time is an open question. Parenting in the 1940s and 1950s was not the art it is today, and the profile we have of Fermi as a father is not substantially different from the profile of many others at that time. In his final years he took his parenting role a bit more seriously, but by then much of the damage had already been done. It was, to say the least, difficult being a child of Enrico Fermi.


THAT HE IS NOT BETTER KNOWN, THAT PHYSICISTS LIKE RICHARD Feynman and Stephen Hawking are more well known to the general public, may simply reflect the circumstances of his death in 1954 at an early age and before the widespread advent of television. Few films of his lectures survive, and his television appearances were rare. In later years he may have resented the adulation of Einstein, but in response he did little in the way of self-promotion. Not that he had any sense of false modesty. One of Fermi’s University of Chicago colleagues reported being told of the following conversation between Fermi and his brilliant but troubled graduate student Majorana:



MAJORANA: There are scientists who “happen” only once in every five hundred years, like Archimedes or Newton. And there are scientists who happen only once or twice in a century, like Einstein or Bohr.


FERMI: But where do I come in, Majorana?


MAJORANA: Be reasonable, Enrico! I am not talking about you or me. I am talking about Einstein and Bohr.





He had an enormous confidence in his own abilities, confidence that was well placed. Perhaps he felt that self-promotion was a bit unseemly. Though he sometimes loved to show off to his colleagues, deriving complex theorems from scratch when he could just as easily have looked them up, he did not have the compulsion, notable in some less secure geniuses, to always make sure that everyone knew he was the smartest guy in the room. His lack of self-promotion, particularly after World War II, may also have resulted from a belief that his proper focus was on his research and teaching and not on his public profile. To the extent that he was a public figure, it was as a private adviser to public bodies such as the US Atomic Energy Commission. He was one of the first major scientists involved in public affairs, but his advice was highly classified and remained so for years after his death. His involvement in these matters was fraught, involving him in controversies that pitted friend against friend. When Oppenheimer asked Fermi to continue advising the Atomic Energy Commission in 1951, Fermi demurred, convinced that he was better suited to a world in which truth was clear and where opinion mattered little.


Another reason for his relative lack of profile may have been his resistance to pronouncements on broader political or philosophical matters. After World War II many physicists raised their voices in public on issues related to the development of nuclear weapons and the accelerating arms race between the United States and the Soviet Union. Fermi rarely spoke publicly about such matters, reserving most of his commentary, such as it was, for private councils of state. Nor was he deeply philosophical, never pondering the underlying reality behind quantum theory, never engaging in the kind of metaphysical debate that characterized the schools of quantum theory that arose in Copenhagen and Göttingen. He confined his intellect to matters of physical reality and to physical problems that could be solved using the physics he so loved. Perhaps for this reason quantum theorist Wolfgang Pauli once quipped, in his typical, acid-tongued way, that Fermi was a mere “quantum engineer.” The general public is fascinated by the philosophical conundrums of quantum theory, but Fermi chose to ignore these in favor of focusing on real physics problems with solutions that could be developed clearly through theory and experiment. He was at core an empiricist, driven by the empirical observations of the world around him. Yet Fermi’s antiphilosophical orientation was shared by some, like Feynman, whose fame has only grown over time. Feynman’s wit, colorful story-telling, and involvement in the Challenger shuttle investigation have contributed to the mystique that still surrounds him. Biographers continue to find him a fascinating subject, as they do Einstein and Oppenheimer. In the case of Fermi, some forty-six years have passed between English-language biographies.


Fermi’s reputation with the public has faded for all these reasons and perhaps others as well. As others have recently realized, a correction is long overdue.


NO ONE REALLY KNOWS HOW GENIUS WORKS, WHY IT MANIFESTS IN some instances and not in others. Even more perplexing, why do some scientists make great discoveries and others do not? Why do some, like Einstein, Wolfgang Pauli, Marie Curie, John Bardeen, or Fermi himself, make several great discoveries, while other scientists with apparently equal talent, like Oppenheimer, have no such discoveries to their name? Fermi used a well-defined set of techniques to attack problems in physics, and if a problem came up that did not seem to fit any of these techniques, he bent the problem to succumb to them. There were, of course, hundreds of physicists who knew these techniques, but almost none of them were able to apply them with Fermi’s effectiveness. At some point early in his career, working almost entirely on his own, Fermi learned how to look at a problem carefully, find the right starting point to address it, and cut through it steadily with an enormously powerful intellect, avoiding all the false starts and dead ends that might trap less talented thinkers, to get at its solution. How he did this, how Fermi became Fermi, is in some sense perhaps an irreducible mystery. Nevertheless, it is one worth trying to solve, because understanding how a young boy from Rome became, in the words of one of his former students, “the last man who knew everything” can help us to appreciate the full potential of the human mind and spirit.













PART ONE



BECOMING FERMI













CHAPTER ONE



PRODIGY


ON THE STREETS OF ROME, NOT FAR FROM THE CENTRAL TRAIN station, a middle-aged engineer meets an adolescent boy, the son of a colleague. The boy wants to talk about mathematics and science. The engineer quickly realizes that he is dealing with someone who has a profound gift for the subject matter, a sponge who absorbs complex ideas faster and more thoroughly than seems possible. The engineer decides to take the lad under his wing and give him a thorough education in mathematics and physics, one that goes far beyond what is available in the boy’s high school.


It is impossible to know what might have happened if thirteen-year-old Enrico Fermi had not met his father’s friend and colleague Adolfo Amidei during the summer of 1914 and if Amidei had not taken a deep and sustained interest in the adolescent and his scientific education. How many promising intellects have withered on the vine because no one was nearby to cultivate them? What we do know is that Amidei decided to give young Enrico Fermi an undergraduate education in mathematics and physics, thus beginning the transformation of a teenage Roman boy into a master physicist.


ENRICO FERMI’S FATHER, ALBERTO, ARRIVED IN ROME IN THE 1880S in pursuit of his career at the Italian Ministry of Railroads. He was born in north-central Italy near the town of Piacenza, nestled in the fertile Po Valley some forty miles southeast of Milan and twenty-five miles due west of Cremona, the famous home to the great violin makers of the seventeenth century Antonio Stradivari and Andrea Guarneri. The Fermis had worked the land in the region of Piacenza for centuries, but Alberto’s father, Stefano, was ambitious and found himself an administrative job with a local nobleman, the Duke of Parma. Alberto, the second of Stefano’s children, did well in the local high school, but the family did not have the financial wherewithal to send him to university. He was, however, quite bright and, like his father, ambitious. The combination enabled him to land a job with the Italian railroads.


The late nineteenth century found Italy in the midst of a belated but intense period of industrialization. Unification of the country in 1870 set off a national effort to catch up with the northern European industrial powerhouses. One result was rapid urbanization. Rome, a sleepy midsized city of about 150,000 in 1849, when the founder of modern Italy, Giuseppe Garibaldi, first attempted to bring it into a unified Italian state, grew to slightly over 225,000 people at the time of unification in 1870. By 1901 it had doubled in size to some 460,000 residents. Any such dramatic increase in an urban population places extraordinary demands on a city’s infrastructure. In the case of Rome, entire new residential sections were thrown up virtually overnight, fundamentally changing the look and feel of the city, particularly in the elevated eastern section, perched above the Quirinal, Viminal, and Esquiline Hills.


Another result was the rapid development of a national railroad system that, though predominantly focused on the more prosperous northern communities of Milan, Genoa, and Turin, provided both employment and a certain cultural cachet for Roman workers, as well. Italians were, and remain today, proud of their train system. Because it was developed somewhat later than the English and French railway systems, Italy’s railroad benefited from technological advances unavailable during the earlier efforts of its industrial neighbors to the north. It provided employment for laborers and for the better educated technological elite and quickly moved through a series of regional mergers to centralized national ownership. The Ministry of Railroads was a prestigious place to work, and Alberto could be legitimately proud of his career.


In the early years his work had moved him from town to town, and he ended up in Rome around 1888. Quickly recognizing his abilities, his employers promoted him first to accountant, then to inspector, and eventually to Capo Divisione, a fairly high level in the Italian civil service roughly equivalent to a brigadier general in the Italian military. By the time Enrico was born, in 1901, Alberto had even been named a Cavaliere, or knight. Though not quite as prestigious as its British counterpart, the title reflected the value his employers placed on his skills and performance. More titles were to follow.


In surviving photographs, Alberto appears reserved and even a bit aloof. Attractive but intense eyes peer out from behind wire-rimmed glasses, set above hollow cheeks and a mouth obscured by a generous, and presumably fashionable, handlebar moustache. Setting aside the complete lack of humor in his eyes, one could imagine him singing Verdi arias while shaving, a penchant commented upon by Emilio Segrè, the Italian physicist. He clearly had ability and ambition and climbed the bureaucratic ladder at the ministry with little trouble.


Along the way, he met a woman named Ida de Gattis. Ida came from Bari, just above the “heel” of the Italian boot in the southeast of the country. She was a schoolteacher and younger than Alberto by some thirteen years. Trim and attractive, with delicate features and soulful, gentle, timid eyes, she caught Alberto’s attention, and they married in 1898. The newlyweds moved to an apartment not far from Rome’s central train station, Termini, at Via Gaeta 19.


The neighborhood just northwest of Termini was designed to accommodate the influx of workers to the new Italian capital in the most efficient and direct way possible. Streets formed a grid pattern and were lined with small and relatively undistinguished apartment buildings painted in a variety of Mediterranean pastel colors. Via Gaeta 19 stands today, a five-story ochre edifice with two apartments on each floor and a plaque indicating its illustrious pedigree as Enrico Fermi’s birthplace. Do Not Disturb signs hang above the doorbells of the two apartments on the third floor, presumably to ward off pilgrims to Enrico Fermi’s first home.


Here, Ida gave birth to three children: Maria in 1899, Giulio in 1900, and Enrico in 1901. Perhaps overwhelmed by the arrival of three infants in quick succession, or perhaps because as the wife of a secure and increasingly prosperous civil servant she felt she had the resources and social position to do so, Ida Fermi packed Giulio and Enrico off with nannies to the countryside almost as soon as each was born, a practice common among wealthier Romans. Maria stayed home under Ida’s direct care. We do not know whether the brothers were kept together, nor do we know when Giulio arrived home, but it seems to have been before Enrico. Enrico’s wife, Laura, later wrote that, owing to “delicate health,” Enrico was kept in the countryside for two and a half years. At that point he was returned to Rome and, confronting his real family for the first time, he burst into tears of fright. Ida delivered a stern scolding. Crying was forbidden in her household. He quieted down, and from that time on, Laura speculates, he was responsive to strict authority.






[image: image]







FIGURE 1.1. Giulio, Enrico, and Maria Fermi, 1904. Courtesy of Rachel Fermi.


Giulio and Enrico were inseparable. Enrico was somewhat shy and awkward, and Giulio evidently decided that he would be Enrico’s constant companion and protector. The relationship is apparent in one of the first portraits of all three children, taken in 1904. Maria stands at the right side of the frame, strong and proud, while the brothers hold hands at the left side of the frame, Giulio offering protection to his timid younger brother.


It was not long before the boys became interested in science. Perhaps they were inspired by Guglielmo Marconi, the inventor of radio, who, in the first decades of the twentieth century, was grabbing headlines around the world with his experiments in electricity. Although much of his work was done in Britain, Marconi had become a hero in his native Italy. In the process, he served as an inspiration to countless Italian children, and it would have been strange indeed if the brothers did not come to worship him. As they grew older the two boys became obsessed with electricity, engineering, and everything related. They would come home from school and spend their free time designing and making electric motors, mechanical gadgets, and other devices. Like many boys of their age, they were also inspired by the dawn of the age of powered flight and reportedly designed an aircraft engine that impressed experts. They ate, drank, and slept science and technology.


The boys were apparently equally bright, but there the similarity ended. As a child Enrico was quiet and withdrawn, always most comfortable in the presence of his outgoing, more socially adept older brother. When very young he had a bit of a temper, which earned him the family nickname “little match,” but he eventually learned to control that. Later in life Enrico developed a robust, sturdy, even gregarious presence, but as a child he was distinctly delicate and introverted, perhaps taking after his mother. Giulio had greater physical presence, not only because he was a year older but because he cut a more social, more verbal, outgoing figure, and initially he was a better student. He was also, according to the accepted narrative, his mother’s favorite. Enrico was a slow starter, physically awkward, not particularly articulate, and incapable of making a good impression during his first years of school. This began to change, though, and somewhere along the way Enrico developed an affinity for mathematics. Although the main fare of Italian elementary education at the time was classical studies, Enrico began to impress teachers and became one of the top students in his class. The brothers spent time after school supplementing their somewhat mediocre technical education at a nondescript liceo (middle and high school) by reading science books and magazines, keeping themselves abreast of a rapidly scientific world. They may not have understood all that was going on around them, but they must have been aware of developments and excited by them.
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FIGURE 1.2. Drawing of Giulio by Enrico, 1914. Photo by Susan Schwartz. Courtesy of Department of Physics library, University of Pisa.


In the archives of the University of Pisa’s physics department resides a drawing that Fermi made of his brother, dated June 20, 1914. Enrico was no artist, but he enjoyed doodling and sketching, and the profile he drafted of his brother, with obvious care, affection, and attention to detail, demonstrates better than perhaps anything else his feelings toward Giulio.


Less clear is the relationship that Enrico had during early childhood with his older sister, Maria. It may be that the two brothers created a hermetically sealed bubble around themselves, with little room for anyone else. It may also be that, from a cultural point of view, girls were neither expected nor encouraged to have scientific or technical interests, so Maria would probably have not been responsive even if the brothers had tried to engage her. We know that sometime later Enrico tried to talk to Maria about a physics book he picked up at a used bookstall, but she paid little attention. At this point in his life, his relationship with his sister seems to have been distant, particularly in contrast with the relationship with Giulio.


IN 1908 THE FAMILY MOVED FROM VIA GAETA TO A LARGER APARTMENT building a few blocks away in Via Principe Umberto. They had more space, but still no hot water. It was home for Enrico until he left for university in 1918.


Many photographs of the Fermi children have come down to us from this period, suggesting the Fermi family’s relatively comfortable financial circumstances. Alberto’s income was such that photographic portraits and even some candid photography were regular features of family life. In many of these photographs, Giulio and Maria have bright, engaged expressions, while Enrico usually looks dreamy and distracted, reserved, and somewhat uncomfortable. Ida has a slightly nervous, anxious look about her. Alberto is generally absent.


ON JANUARY 12, 1915, GIULIO DIED.


The boy developed an abscess in his throat, and Ida and Maria accompanied Giulio to the hospital to have it removed surgically. Doctors assured Ida that the operation was routine, an outpatient procedure, and there was nothing to be worried about. As Laura Fermi describes it:




On the appointed morning Mrs. Fermi and Maria accompanied him to the hospital and set themselves to wait quietly in the hall. Suddenly there was a great commotion. Nurses rushed into the hall, saying aimlessly, “Don’t worry; you should not worry.” Their tone was strained. The surgeon came. He asked the women to keep calm. He could not explain, he could not quite understand himself what had happened. The boy had died before the anesthesia was completed.





She concludes by observing, “The blow could not have been heavier, nor the family less prepared to receive it.”


Ever since returning home from his first two years in the countryside, Fermi and his brother had been inseparable. Enrico had relied heavily on his more outgoing sibling. Their bond was probably closer than any Enrico established later in life. He was devastated, but characteristically would not show it. It was the first of many incidents in which he forced himself to hide his emotions from the outside world, even from those closest to him. He did, however, resolve after several weeks to walk by the hospital where Giulio died, to confront the tragedy head-on to prove that he could deal with his grief.


Many years later he named his son after the brother he lost.


His mother’s grief was more visible, more sustained, and more debilitating. For years afterward she would break into tears suddenly, without provocation, and she spent long periods in a state of depression. She gradually withdrew from the family and died in the spring of 1924 at the age of fifty-three, an end certainly hastened by Giulio’s passing.


What might have happened had Giulio lived into adulthood? Knowing what Enrico would eventually accomplish, it is almost inconceivable that Enrico was the less talented of the two. Perhaps, incredibly, Giulio would have continued to outshine his little brother. Or maybe little Enrico would have eventually eclipsed the more socially adept Giulio. Maybe their interests would have diverged at a certain point, with one going into a field other than physics. Even more satisfying to contemplate, perhaps they might have worked together in brilliant harmony throughout their lives. In the end, however, we are left with unsatisfying, unanswerable questions.


AT ABOUT THIS TIME, TWO IMPORTANT PEOPLE ENTERED FERMI’S LIFE.


One was a classmate of Giulio’s named Enrico Persico. Persico had observed the brothers from afar for some time and had concluded that there was no room for a third wheel in the relationship. With Giulio gone, Persico reached out to the younger brother. His efforts were greeted enthusiastically. The two Enricos shared a love of science and technology, and soon they picked up where the two brothers had left off, absorbing science and math books, concocting experiments, and hanging out together whenever possible.


Persico was not much taller than Fermi, but he had the face of a tall man, dramatically elongated with a prominent aquiline nose, an almost nonexistent forehead, and eyes that sparkled with intelligence and good humor. He became something of a fixture around the Fermi household. Persico soon realized that his new friend was exceptional. Years later he wrote about these early days of their friendship:




We formed the habit of taking long walks together, crossing the city of Rome from one side to the other, discussing all kinds of subjects with the brashness of youth. But in these adolescent talks Enrico brought a precision of ideas, a self-assurance, and an originality which continually surprised me. Furthermore, in mathematics and in physics he showed a knowledge of many subjects well beyond what was taught at school. He knew these topics not in a scholastic fashion, but in such a way that he could use them with extreme facility and familiarity. For him, even at this time, to know a theorem or a law meant chiefly to know how to use it.





On these walks, the two Enricos would sometimes go hunting for books to satisfy their hunger for science, a quest that brought them from the grid streets of new Rome to the ancient, meandering alleys and passageways of the historic center of the city, off the Corso Vittorio Emanuele II. A left turn down Via del Paradiso, a particularly narrow alley, led them eventually to a large, ancient square, the Campo de’ Fiori, where every Wednesday a used book market attracted visitors in search of the odd special volume unavailable at regular bookstores. The boys scoured the stalls for items of interest. One particular edition they found was a nineteenth-century physics text by a Jesuit priest named Andrea Caraffa. A two-volume summary of all that was known about classical physics in 1840, the year of its publication, the boys quickly snapped it up, and Fermi absorbed it enthusiastically. As reported by Laura Fermi, he couldn’t stop talking about it to his sister, Maria, as he read it. Indeed, so enthralled was he that he barely noticed it had been written in Latin.


The two boys conducted a variety of experiments, some of them fairly sophisticated given the boys’ ages and education. They measured the density of Roman tap water. They calculated the strength of the gravitational and magnetic fields in Rome. They even tried to explain the behavior of a spinning top, even though neither knew the mathematics and physics that would have made this difficult problem a bit easier.


Particularly impressive, in retrospect, was Fermi’s knowledge of and enthusiasm for the theory of relativity. In later years Persico recalled extended conversations in which his young friend would enthuse about Einstein’s radical theory of gravity. Persico served as Fermi’s first “student,” if one discounts Enrico’s failed earlier attempts to interest Maria in the Caraffa book. Fermi enjoyed explaining ideas to his new friend, and Persico was a ready pupil, eagerly absorbing Fermi’s explanations of fairly complex concepts in physics. This was the first time that Enrico discovered his knack for conveying physics in ways that others less gifted could clearly understand, a knack that was to figure prominently in future years.


With Persico, Fermi was educating himself with the Caraffa volumes and other scientific books, and at liceo, he was exposed to Latin, Greek, history, and Italian literature. Fermi particularly enjoyed the traditional Italian epic poem “Orlando Furioso” (the Italian version of the “Song of Roland”) and in later years would impress friends with recitations of Dante from memory. Languages came easily to him, which may explain why he was hardly aware that the Caraffa volumes were written in Latin. In these subjects, he was a good student, but not extraordinary. It is clear that any advanced mathematics and physics he absorbed had nothing at all to do with what he was learning in school.


Fermi and Persico separated in 1918 when Fermi headed to Pisa for university and Persico remained in Rome. Over the next four years, they stayed in close touch by letter and saw each other often during school holidays. When Fermi eventually returned to Rome for good, they resumed their deep and lasting friendship.


Enrico had fun with other youngsters, as well, in the process developing a love of outdoor physical activity that would continue unabated throughout his life. He loved to play soccer and the perennial Italian schoolboy favorite French War, described by Laura Fermi as an Italian form of the Cops and Robbers game so popular in America, with just a hint of youthful nationalism. Yet he never drew personally close to these playmates, saving his friendship and affection for the other Enrico.


While the two Enricos’ bond strengthened as they explored the world of physics, another person entered Fermi’s life, an older man who knew a great deal more than either of the boys about mathematics and physics. This man would become central to Fermi’s early intellectual development.


ADOLFO AMIDEI WAS AN ENGINEER FOR THE RAILWAY COMPANY, with a rank of chief inspector—one rung above Alberto Fermi. In spite of the difference in rank, the two men became friends, and during the summer of 1914 they began to walk home together after work, which suggests that they lived close to one another.


Amidei was from Volterra, about fifty miles south of Pisa. Seven years younger than Alberto Fermi, he showed early technical proficiency and was admitted to the pure mathematics program at the University of Pisa, where he eventually broadened his studies to include physics. He joined the regional railway system as an engineer and junior inspector, and when various regional companies merged to create a national railway company, he made the move and was soon promoted to full inspector. By the time Amidei met young Enrico, he was a principal inspector. He was promoted repeatedly throughout his long and successful career and retired in 1940 with the title of Capo Compagnia 1a Classe. Along the way, like Alberto, he was named a Cavaliere by the Italian government.


Sometime during the summer of 1914, as Europe edged toward catastrophic war, Enrico began to meet his father after work and accompanied him on the forty-minute walk from the ministry to their apartment on Via Principe Umberto. Amidei occasionally joined the father and son, and soon Enrico learned that his father’s colleague was an engineer with a strong mathematics and physics background. He summoned up the courage to ask Amidei a particularly abstruse question: “Is it true that there is a branch of geometry in which important geometric properties are found without making use of the notion of measure?”


Amidei explained to the youth that this branch of mathematics was known as projective geometry. The idea puzzled Fermi, and he asked, “But how can such properties be used in practice—for example, by surveyors or engineers?” Amidei recalled that in Pisa he had studied a book on projective geometry by a German mathematician named Theodor Reye that had an excellent introduction explaining the practical uses of the discipline. He lent Enrico the book. Two months later Enrico revealed he had mastered the material, having worked through all of the theorems and solved all the problems at the back of the book. Amidei was understandably skeptical because the book had been difficult for him as a university student and, as a result, he had never completed the proofs himself. When Fermi gave Amidei the proofs for the theorems, the older man’s doubts vanished.


Enrico Fermi was thirteen years old.


This anecdote about Fermi’s grasp of projective geometry is the first example we have of what would become Fermi’s typical style of learning. He studied Reyes’s book by himself (or if it was with someone, it was with Giulio, who had not yet died) and, not satisfied with a cursory reading, worked through the proof of every theorem in the volume until he mastered the entire text. At this young age he displayed independence, thoroughness, and a willingness to grind through difficult material to ensure he mastered it. In this, as in all future work, he was never satisfied with a superficial grasp of a subject.


Amidei was suitably impressed and later wrote, “I became convinced that Enrico was truly a prodigy, at least with respect to geometry. I expressed this opinion to Enrico’s father, and his reply was: Yes, at school his son was a good student, but none of his professors had realized that the boy was a prodigy.”


This may not strictly be true. Fermi scholar Roberto Vergara Caffarelli cites a letter to Laura Fermi from Ida’s sister Olga, dated August 27, 1951, in which Olga recounts a chance encounter during this early period of Ida, Olga, the young Enrico, and Enrico’s teacher from his middle school. The teacher shook hands enthusiastically with mother and aunt, proclaiming the young Enrico a “second Galileo.” He may have been the first, but would not be the last, to do so. Of course memories shift and distort through the lens of time, and by 1951 Olga de Gattis’s memory of the event may well have been colored by Enrico’s subsequent development into a master physicist, but somewhere during this period a towering intellect started to make itself known. Amidei may not have been the first to notice it, but he certainly was the first to do anything about it.


Confronted with this young phenomenon, Amidei took a fateful step. Enrico had mentioned his forays into the bookstalls at Campo de’ Fiori and his efforts to learn physics and mathematics from odd books he picked up. It was just at the time when Fermi and his brother (and later Persico) would try to explain the physics of spinning tops. Responding to this, Amidei decided to impose a certain intellectual structure on Fermi’s education. He would guide the youth through a carefully arranged sequence of textbooks to educate him in undergraduate physics. He explained that a fundamental understanding of the behavior of a top would require a thorough grounding in classical mechanics, which first required a foundation in trigonometry, analytical geometry, algebra, and calculus, including differential equations. Once he had this under his belt, he assured his young friend, Enrico would find the equations of motion for a spinning top easier to understand.


This disciplined approach appealed to Fermi, although in retrospect it is apparent that he also continued his forays into physics textbooks independently of the informal but highly accelerated plan Amidei outlined. The curriculum does not look that much different from what a young entry-level physics undergraduate would undertake today. Amidei first intended to give Fermi a sufficiently strong foundation in mathematics to begin a serious study of classical mechanics.


Amidei sequenced the mathematics carefully over the next three years, beginning with trigonometry and moving through analytical geometry to calculus. It helped that Amidei was a proficient mathematician and that Italian mathematicians at that moment stood at the forefront of the field internationally. It also helped that Amidei was teaching a unique genius.


By 1917—Fermi was fifteen or sixteen—Amidei believed that Fermi was ready for a thorough course in classical mechanics and lent him the classic treatise on the subject by French mathematician Siméon-Denis Poisson, originally published in two volumes, in 1811 and 1833.


For the study of classical mechanics and the mathematics required to understand it, no better curriculum could be provided, not even today. Not only is the subject matter virtually unchanged since these books were written but also the volumes represent the very best thinking on the subjects they cover.


Years later Amidei remained astonished by Fermi’s ability to absorb material. Some forty years after the fact, he recalled that by the time Fermi graduated from liceo (in 1918, a year early):




I had already ascertained that when he read a book, even once, he knew it perfectly and didn’t forget it. For instance, I remember that when he returned the calculus book by [Ulisse] Dini I told him that he could keep it for another year or so in case he needed to refer to it again. I received this surprising reply: “Thank you, but that won’t be necessary because I’m certain to remember it. As a matter of fact, after a few years I’ll see the concepts in it even more clearly than now, and if I need a formula I’ll know how to derive it easily enough.”





Amidei’s efforts notwithstanding, Fermi could not keep himself from some side reading in physics. At the central public library of Rome, he tackled the magisterial five-volume, four-thousand-page Treatise on Physics by Russian physicist Orest Chwolson. Not for the faint of heart, it covers in depth every aspect of classical physics—mechanics, thermodynamics, statistical mechanics, optics, electromagnetic theory, even acoustics. After discovering that he had already mastered some thousand pages of the text, presumably as a result of his study of Poisson, he spent time every morning in the library poring over the balance of the book, assimilating its material, working out problems. It took him a little over a year, from August 1917 until September 1918, but master it he did.


According to Persico, he and Fermi also studied a relatively new book by British physicist Owen W. Richardson, The Electron Theory of Matter. Published in 1914, it was a graduate-level text, incorporating British physicist Joseph John (J. J.) Thomson’s 1897 discovery of the electron into the broader framework of electromagnetic theory. By the time they tackled it, the two youths had significant physics and mathematics under their respective belts. (A few years later, Fermi also recommended the book to his university friend Franco Rasetti.)


For Amidei, the experience of mentoring Fermi was sufficiently profound that he decided to write down statements made by the boy as a record for posterity—hence the reliability of his recollections four decades later.


For Fermi, as well, the experience was extraordinary. Here was an adult he could talk to about the subjects that mattered most to him, someone who cared enough to tutor him on all things related to mathematics and physics. It may also have been the first time Fermi fully realized his great gifts in these areas. Time and again he discovered that he understood the material Amidei threw at him faster and more comprehensively than Amidei ever could. An experience he would have throughout his subsequent education, it gave him a sense of confidence in his abilities that was only to grow in later years.


During this last year, Amidei inquired as to whether the young man, now sixteen years old, wanted to pursue mathematics or physics at university. Fermi’s reply was straightforward: “I studied mathematics with passion because I considered it necessary for the study of physics, to which I want to dedicate myself exclusively.” Mathematics was the means to an end. He would always be proud of his mathematical ability, sometimes to the point of boastfulness, but physics would always be his one true love.


Amidei understood that Fermi’s decision at such a young age to become a practicing physicist meant that Fermi needed to learn German. The world’s leading physics journals—most notably Annalen der Physik and Zeitschrift für Physik—were published in German. Amidei insisted, and Fermi complied, once again demonstrating his ability to quickly master a new language. When he arrived at university in the fall of 1918, he was, according to friends, reading German as he read Italian.


ALL OF THIS WAS TAKING PLACE AGAINST THE BACKDROP OF World War I.


When Italy entered the conflict in mid-1915, on the side of the Allies, neither Amidei nor Fermi’s father was drafted. They were too old and, also, to the extent that the railways were a strategic asset in the war, they both held important positions right where they were.


It may have been a relief for Amidei to have the distraction of training young Enrico in the intricacies of mathematics and physics. The war effort cost Italy dearly, although not as much as other European combatants: between 460,000 and 610,000 men were lost, fewer than for England, France, or Germany, but an enormous loss nevertheless. Fortunately, the war did not directly affect the Fermi family, but it was a major concern for them. And it did have a direct effect on the intake of students at the Scuola Normale Superiore in Pisa, where Fermi landed in the fall of 1918, just as the war was ending. Nine of his twelve classmates were admitted in 1915 but were deferred for military service until the war ended.


That said, Enrico’s distance, both psychologically and physically, from the travails of the war is notable. It seems not to have affected him at all. Perhaps the loss of his brother was enough. Perhaps compared to Giulio’s tragic and untimely death, the impersonal statistics of Italian war dead simply did not register. We know that Fermi threw himself into his friendship with Persico and his studies with Amidei with an energy and passion that bespeaks a gritty determination to overcome that loss, a far greater personal loss than anything the war raging around him could deliver.


BY THE FINAL YEAR OF LICEO, AMIDEI HAD WORKED WITH ENRICO for almost four years and understandably took a proprietary interest in the young prodigy’s future. In Amidei’s view, that future lay in one direction: Pisa’s Scuola Normale Superiore.


The school was founded by Napoleon in 1810 as an Italian equivalent to the École normale supérieure in Paris. By 1918 it was the most prestigious institution of higher education in Italy. Only a dozen or so students were admitted every year, half of whom would focus on the humanities, half on the sciences. In Fermi’s year it was even more competitive than in previous years, given the deferrals granted because of the war. The competition for the three open spots was intense.


The University of Rome was another obvious option, but Amidei’s advice to Alberto and Ida was to send Enrico to Pisa. The Scuola Normale had produced towering figures in mathematics and the humanities, and its mathematics faculty was world class. That there were no notable physicists (except perhaps for Vito Volterra, more of a mathematician than a physicist) among its graduates was more a commentary on the state of Italian physics at the time than on the school. Indeed, physics students would be expected to take a parallel set of courses in physics at the University of Pisa, just a short walk away.


Fermi’s parents objected. They were proud of Enrico and wanted the best for him, but they also wanted him to remain at home. In an age before widespread access to telephones, sending Enrico off some two hundred miles north would mean that they would have no contact with him except for the occasional letter. The devastating loss of Giulio made Enrico’s parents, especially Ida, doubly reluctant to part with their son. The University of Rome was strong and the physics department was close enough to walk to, in an area just to the west of the grand Santa Maria Maggiore church on the Esquiline Hill, on a street called Via Panisperna. A famous physicist, Orso Mario Corbino, had just taken over the physics department, with the intention of making it an elite center for teaching and research. He was also a rising figure in the Italian government, having been named chairman of the Public Works Council (he would soon become a member of the senate, too). Why couldn’t Enrico study with him? That Amidei succeeded in persuading them to allow Enrico to apply to the Scuola Normale and, once accepted, to attend is a testament to Amidei’s persistence and commitment to Enrico’s advancement. It is also clear that Enrico wanted to go, even though doing so would separate him from his parents and from Persico, who had decided to attend the University of Rome.


The entrance exam paper Fermi submitted for physics remains legendary to this day. The subject was a close analysis of the vibrations of a rod fixed at one end. He brought to bear all that he had learned from Poisson and Chwolson about harmonic waves and their behavior, and the analysis he presented demonstrated a graduate level of sophistication. The examiners were more than impressed. They may have suspected fraud and in any case wanted to meet the youngster who submitted the essay. The examiner, a professor of geometry at the University of Rome named Giuseppe Pittarelli, called Enrico in for an interview, something that rarely if ever occurred. In the course of the interview, the young prodigy satisfied Pittarelli that the work was his own. Pittarelli considered the exam to be at the level of a doctoral thesis and told him so. He also told Fermi that he was destined to become an important scientist. Fermi placed first among those who took the exam and was admitted without reservation. He would, in time, become the fabled institution’s most famous graduate.


With trepidation and heavy hearts, Alberto and Ida bade farewell to Enrico in October 1918. He was off to Pisa, where the next phase of his life as a physicist would begin.















CHAPTER TWO



PISA


PISA IS A LITTLE OVER TWO HUNDRED MILES NORTH OF ROME, but in 1918 it was, and remains, centuries apart in time. The Rome Fermi left behind was a turbulent, noisy, crowded mess—a beautiful mess, an inspiring mess, but a mess just the same; a nineteenth-century city in full-throated transition to the twentieth century. In sharp contrast, Pisa was a quiet, medieval university town, frozen somewhere in the early to mid-fourteenth century, when it lost out to its great commercial and cultural Tuscan rival, Florence. The university officially dates itself from 1343, but like its counterparts throughout Europe, Pisa was probably home to scholars at least as early as the eleventh century. When Fermi arrived in late 1918, the main academic departments, including physics, were housed in old buildings scattered around the medieval heart of the city; now the only departments that remain there are those relating to humanities, philology, history, and law. The technical and scientific departments, as well as the medical school, have migrated to modern, functional facilities on the city’s outskirts. In Fermi’s time the physics and mathematics departments were in an ochre nineteenth-century edifice in Piazza Torricelli, a short walk from the Scuola Normale Superiore in Piazza dei Cavalieri. They are now about half a mile east, just inside the old city walls. The older building was not architecturally distinguished, but neither is the new one. It is, in fact, a 1974 renovation of a textile factory built in 1939 by the famous Pisan Jewish family, the Pontecorvos.


However, the building that houses the Scuola Normale Superiore is indeed distinguished and must have seemed magical to the young Fermi. Largely the work of Renaissance architect Giorgio Vasari, it is one of the most beautiful buildings in a city known for the magnificence of its architectural heritage.


Students who are admitted to the Scuola are also admitted to the university and are required to take classes at the university in addition to the seminars offered at the Scuola Normale. They receive degrees from both institutions, a licenza from the Scuola Normale and a laurea from the university. The laurea entitles the holder to be called dottore, although it is not the equivalent of a PhD, which was officially adopted in Italian education only in 1980. In later years a formal graduate program, called a perfezionamento, was added to the Scuola Normale’s offerings. Today only about sixty undergraduates out of a pool of one thousand applicants are admitted to this most prestigious and competitive academic institution in Italy.


Students, called normalisti, were housed in small rooms within the palazzo, each equipped with a simple desk and bed. There was no central heat, and the students relied on small coal burners to provide what little comfort they could get during the raw Tuscan winters. The Scuola Normale provided free room and board as well as a small stipend. In this, normalisti had it easier than other less exalted university students, who were on their own when it came to finances and to housing. Unlike Oxford or Cambridge, the University of Pisa was not organized along a residential college system, and to this day students are expected to find their own accommodations within the city, although the education is heavily subsidized.


And so Enrico Fermi arrived in this quaint ancient college town, intent on mastering his chosen field.


FERMI’S REPUTATION SURELY PRECEDED HIM, AND PROFESSORS LIKE famed mathematician Luigi Bianchi and Luigi Puccianti, the professor of physics at the university, were probably already aware of the young man and his brilliant entrance exam in physics. Fermi must have sought them out, too, given his training with Amidei and his independent reading. It was clear to everyone that he had already mastered the physics coursework on offer, with the exception of experimental physics. Much of his time would be spent on independent reading and study.


Oddly enough, given what he told Amidei regarding his desire to study only physics, he started off as a mathematics student, perhaps reflecting the Scuola Normale’s worldwide reputation for its mathematics faculty. Faculty members had written many of the textbooks Amidei had provided during Fermi’s informal studies in Rome. The mathematicians of the Scuola Normale were not merely textbook writers, they were at the cutting edge of the field and quite powerful at the school, a fact that could not be said for the physicists either at the Scuola Normale or at the university. This may account for Fermi’s decision to enroll in the mathematics degree program. Within a year, however, he had shifted his formal focus to physics, taking courses at the university under the guidance of Puccianti, who soon realized that the best way to educate the young prodigy in physics was to let him loose in the university library.


Fermi attended lectures and seminars, both at the Scuola Normale and at the university, but in letters to Persico, he indicated that the lectures took relatively little time and effort and he spent much of his time in independent study. The Scuola Normale expected its science students to take a full load of physics, mathematics, and chemistry. Fermi earned perfect grades across the board. He took courses in German and received perfect grades in that subject, too. At the university, his transcript shows perfect performance in every science course, with honors in most. The one course in which he did not receive a perfect grade was in Freehand Drawing (Disegno a mano libera), in which he received a “24” out of “30.” He had covered almost all of the required material in mathematics and physics during his time with Amidei, so the class work was simple and he had plenty of free time to spend in the library, keeping up with research articles on quantum physics and relativity in the major physics journals. Enrico’s letters to Persico suggest that the only courses that involved some work for him were those in chemistry—not surprising, because he had not studied chemistry with Amidei and had little interest in the subject.


THE ENTERING CLASS AT THE SCUOLA NORMALE IN 1918 WAS UNUSUAL, the bulk of the class having been admitted in 1915 but only now arriving in Pisa with the war’s end. The Scuola Normale had long been a training ground for Italy’s intellectual and cultural elite, and Fermi’s class was to prove no exception. Among his classmates were individuals destined for great achievement in mathematics, astronomy, and physics. One of those he quickly befriended was a young man named Nello Carrara, who had arrived a year earlier. Skinny and athletic, he and Fermi became fast friends.


There was, however, another student, not at the Scuola Normale but enrolled as a physics student at the university, with whom Fermi would develop a legendary, lengthy professional and personal relationship. His name was Franco Rasetti.


Born in a small village in Umbria near the town of Castiglione del Lago, Rasetti was about six weeks older than Fermi, but in appearance he could not have been more different. Tall and beanpole thin, with a scrawny neck and bony face, he gave the impression of a human ostrich. He was close to his mother, and when Rasetti was admitted to university the whole family moved to Pisa, where they lived together in an apartment in town.


Rasetti was a true eccentric. He initially chose physics as a subject for university study because, he later explained, it was not a science that involved memorization and classification and would thus be a challenge for him. But in fact he had an extraordinary memory and focused it on classification projects in marine biology and botany; he was able to identify thousands of different species of mollusks and flowers. In later years he would turn from physics to biology as his primary field of study.


Rasetti met Fermi in science classes at the university, and the two immediately hit it off. Fermi became a frequent visitor to the Rasetti household and often dined with them despite the fact that normalisti received free room and board. The young men shared an impish sense of humor and soon formed an “Anti-Neighbor Society” dedicated primarily to irritating members of the public with pranks and public displays of disrespect. One of their favorite pastimes was tossing bits of sodium into Pisa’s public urinals, enjoying the reaction of those at the urinals when the sodium exploded upon contact with water. They would walk up to strangers and put padlocks through buttonholes on their jackets, locking the jackets closed. Fermi even played this prank on Rasetti, padlocking the front door of the Rasetti household closed while the family was inside. They loved to place a pan of water atop a door that was slightly ajar and watch as an unsuspecting victim brought the pan down on himself. They fought mock sword fights on the rooftops of Pisa. They concocted a stink bomb and exploded it in a classroom during a lecture, for which they were almost expelled. They were saved only through the intervention of Professor Puccianti, who prevailed on them to limit pranks to those who would not get them into further trouble with university authorities.


When they were not wreaking havoc in town, they were hiking in the mountains north of Pisa, often joined by Nello Carrara. The three of them loved strenuous physical activity and spent most free weekends, weather permitting, hiking in the Apuan Alps north of the town, home to the famous Carrara marble quarries. For Fermi this was the beginning of a love affair with mountain hiking, an activity he pursued to the end of his life. The Anti-Neighbor Society eventually grew into a larger circle of friends, both male and female, with slightly more congenial ambitions. The members would spend weekends exploring the hills and mountains above Pisa, Fermi typically out in front, charting the path for the day’s walk, leading the way, and determining when they would return. He was the group’s natural leader, and in a pattern that was to be repeated throughout his life, people around him were happy to follow wherever he decided to go.


Fermi’s exposure to the opposite sex was not limited to weekend jaunts with the Anti-Neighbor Society. Both the Scuola Normale and the university admitted women. In a letter he wrote to Persico, Fermi revealed a distinctly unattractive attitude toward his fellow female students, composing a cruel skit in which he ridiculed them—“barring one or two exceptions ugly enough to scare anybody”—by portraying them as incapable of reducing a simple fraction. Yet he must have been attractive to women. They enjoyed hiking with him and found him intellectually impressive and self-confident. They might well have also found him to be slightly immature. The combination of Fermi and Rasetti, with their constant teasing and posturing, would have been enough to try anyone’s patience, as it clearly did with young Laura Capon a few years later. Fermi’s eagerness to ridicule the intellectual abilities of the women around him would not have been particularly unusual in his day, or decades later, for that matter. Perhaps it reflected merely the widely shared prejudices of his time and culture. More than likely, it was also a bravado with which he could mask his awkwardness around women, an ineptness he would eventually outgrow.
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FIGURE 2.1. Fermi, Rasetti, Carrara in the Apuan Alps north of Pisa. Courtesy of Amaldi Archives, Department of Physics, University of Rome, La Sapienza.


AT THE UNIVERSITY, FERMI AND RASETTI TOOK MANY COURSES together. One such course was analytical chemistry. In one memorable lab session, they were asked to identify the components of a chemical mixture using the analytical chemistry techniques they were supposed to master. Looking at the mixture, Fermi decided that it would be easier and more straightforward to examine it under a microscope and visually identify the components. They scored a perfect grade for the lab. No one was the wiser.


University life was not all fun and games. Fermi was a serious, passionate student of physics and his independent reading stayed with him throughout his working life. He mastered Poincaré’s classic work on the hydrodynamics of whirlpools and absorbed two other classic books, Appel’s Mechanics and Planck’s Thermodynamics, so well that he could recall proofs from them years later. His knowledge of relativity and quantum theory was soon greater than that of his teachers, and he frequently gave lectures on relativity. Puccianti, a generous, very old-fashioned physicist, would ask Fermi to lecture him on theoretical subjects that puzzled the older man. In these sessions Fermi honed his pedagogical skills, skills that would play a central role in his subsequent career. Puccianti appreciated these mini-seminars so much that he eventually dubbed the younger scientist his very own expert on relativity.


Fermi spent the summer of 1919 between his home in Rome and his grandfather’s home just outside Piacenza and began a process that would continue throughout his life and distinguish him from virtually every other physicist of his generation. He dutifully recorded the entire sum of his knowledge of physics in a carefully organized notebook, written in miniscule handwriting. Subsequent notebooks—twenty-five of which are in the Fermi archives at Pisa’s Domus Galilaeana and several dozen more in the archives at the University of Chicago—reflect the astonishing, continuous intensity of his physics activities. He was, in a real sense, the Voltaire of physics, always scribbling away in his notebooks, solving problems.


The 1919 notebook is 102 pages long and contains a wide range of material on advanced physics. One senses that this notebook, and all subsequent ones, served as his way of internalizing a deep foundational knowledge of physics that he carried with him for the rest of his life. Given his appreciation for his own abilities, he may even have written the notebook with a view toward future historians interested in how he learned his discipline.


It soon became apparent to those around him, students and faculty alike, that they were in the presence of a rare mind. As would happen often during the Manhattan Project some two decades later, professors would call him to solve equations that proved resistant to straightforward solution. In response, he would work his way steadily to the solution the professor had been struggling toward. He also developed some of the personal tics that would stay with him. When lost in thought he would grab some nearby object—chalk, pencil, or, in one case, a pen knife—and fiddle with it absently. With the pen knife, he tapped it in the open position against his forehead near his right temple and sliced himself by accident, leaving a small scar that he carried for the rest of his days.


After his second year in Pisa, he was allowed to focus full time on a university physics program that lasted another two years. Rasetti and Nello Carrara were admitted to the program with him, and Puccianti gave them free rein over the department’s laboratory facilities, primitive though they were. Experimental physics was, as Rasetti later explained, the only subject in which one could receive a degree. Theoretical physics was not considered a separate, legitimate academic field. Puccianti’s labs were, unfortunately, poorly set up for advanced experimental work. Much of the apparatus in the lab was fit only for demonstrations during lectures. The three students spent a few weeks exploring the equipment they found in cabinets and drawers, and Fermi decided—for all three of them, apparently—that the most promising research lay in the direction of X-ray research. They soon discovered that the X-ray tubes at their disposal were not suitable for the kind of experiments they wanted to do, so they built their own, with the help of a local glassblower.


In later years, Rasetti noted that Fermi’s disinterest in any distinction between theory and experiment was evident even this early. Fermi was “from the first a complete physicist.” The temperaments of theorists and experimentalists are often thought to be quite different, the former more comfortable in an isolated setting solving theoretical problems, and the latter, more collaborative, enjoying the design and execution of experimental projects. From an early age Fermi effectively and eagerly bridged this gap. He combined a willingness to noodle on a theoretical problem for a sustained period with an enjoyment of working with his hands on an experimental design. Perhaps this was because the Italian physics establishment did not take theory particularly seriously and encouraged this gifted theorist early on to get his hands dirty in the lab. Perhaps if theory had been held in higher regard in the corridors of the University of Pisa, he would not have developed into the balanced physicist he became. However, it is clear from his childhood efforts with Giulio and later with Persico that he loved to tinker with objects, to make machines, to do physical experiments. Naturally gifted in both, he saw no need to choose between them. Fermi saw physics as an integrated whole. By the time he was ready to present his experimental dissertation to the examiners at the university, Fermi had already published several theoretical papers in scholarly journals.


His first was a paper on electrodynamics of a rigid, charged body. The second and third papers focused on his first love, relativity theory; the third presented an important theorem about how the theory works within very small distances and proposed a system of coordinates to make the analysis of these small distances easier to compute. The fourth was a highly successful effort to reconcile the different ways that the electromagnetic mass of a rigid spherical charged body—that is, the mass measured by application of force in an electromagnetic field—is measured in classical electrodynamic theory and in relativity.


A fifth paper, apparently commissioned for a German publication while he was still at Pisa but published after graduation, was an appreciation of relativity. This essay was one of the very few published by an Italian physicist to evince any enthusiasm for Einstein and his outlandish theories of space, time, and gravity. Fermi’s main purpose was, characteristically, to call attention not to the puzzling philosophical and metaphysical consequences of the theory but rather to one of the theory’s most compelling physical predictions:




If we could liberate the energy contained in one gram of matter we would get more energy than exerted by a thousand horses working continuously over three years. (Comments seem superfluous!) It will be said, with good reason, that in the near future at least that it does not appear possible to find a way to liberate this awesome amount of energy. This is indeed as one can only hope; an explosion of such an awesome amount of energy would blow to pieces the physicist who had the misfortune of finding a way to produce it.





He may not have been the first person to notice this consequence of Einstein’s work, but he was certainly one of the very few at the time who emphasized its importance. In light of what life had in store for him, his words are particularly prophetic. Years later, as he witnessed the first test of an atomic bomb and considered his role in making that test possible, he certainly thought back to these words, written when he was just twenty-one years old.


By the time he graduated in July 1922, Fermi was an expert on relativity and its strongest—perhaps only—proponent within the Italian physics community. Although the subject was not yet on the radar screen of most Italian physicists, it was of great interest to Italian mathematicians, who pioneered the mathematics necessary for the theory, in particular the brilliant University of Rome mathematician Tullio Levi-Civita. Einstein had consulted Levi-Civita as he struggled with the theory. The Italian had made some essential suggestions and kept abreast of Einstein’s revolutionary work. So impressed was Levi-Civita with Fermi’s work on relativity that he used Fermi’s coordinate system in his own treatise in 1925. After Fermi’s graduation, it was the mathematicians who first appreciated his potential for transforming physics in Italy.


FERMI WENT ON TO COMPLETE HIS UNIVERSITY PHYSICS DISSERTATION on X-ray diffraction with little trouble. The results were a series of images made with X-rays passed through crystals and Fermi’s analysis of these images. He graduated with honors. His dissertation at the Scuola Normale was more theoretical, involving the solution of a particular theorem in probability and its application to the orbit of a comet. Fermi was more nervous about this dissertation for the Scuola Normale than he was about the university degree. He was concerned that someone else had already proven a theorem he was working on and that someone had applied these theorems to the orbit of asteroids. So fretful was he, in fact, that he wrote to Persico several times to see if his friend in Rome could do some independent research to determine whether his worries were founded.


As it turned out, the exam was not smooth sailing, but not because of the issue of prior work. During his oral exams, several of the examiners were mathematicians who grilled him hard on the equations he used. In the end he received a licenza, but the examiners did not offer him the customary handshake, nor was the thesis published, as was the tradition at the Scuola Normale. Years later his wife would claim that the thesis went over the heads of the examiners. This seems unlikely. It is more likely that they were simply exacting revenge on a renegade mathematics student who offended them by abandoning the rarified field of mathematics for the less cerebral, earthier pursuit of physics.


IN THE SUMMER OF 1922, DEGREES IN HAND, FERMI, ALREADY A legend in Pisa, headed home to Rome. Because he had come to the notice of major figures in the mathematics community in Italy, Fermi was a frequent visitor to the Saturday evening salons held at the home of Levi-Civita’s friend and colleague Guido Castelnuovo in Rome. Word of Fermi’s brilliance had spread to the dean of Italian physics, Orso Mario Corbino. A man of extraordinary power and influence, Corbino was the director of the Institute of Physics at the University of Rome. He soon understood exactly what Fermi could do for Italian physics and he was determined to make sure the young man succeeded.















CHAPTER THREE



GERMANY AND HOLLAND


FERMI’S FOUR YEARS IN PISA WERE SCHOLARLY AND CONTEMPLATIVE, but they were years of turmoil and chaos for the rest of the country. Though Italy was one of the victors in November 1918, the war left a power vacuum in its wake, and the following four years saw one faction after another trying to grab the political high ground. Strikes and labor unrest led to regular breakdowns in production and transportation. In the streets of the northern industrial cities of Milan, Turin, and Genoa, communists and right-wing agitators fought each other with increasing violence and lawlessness. Virulent Italian nationalists sought a voice in parliament. Italy seemed increasingly ungovernable.


In the midst of this turmoil, a brash journalist named Benito Mussolini began to promote a nationalist movement with increasing appeal to the majority of the Italian people. Bright but unsophisticated, he was drawn to socialist causes as a young man and fought briefly in World War I. Leaving service, he wrote for socialist papers opposed to Italian participation in the war, but in a turn that remains somewhat mysterious to this day, he shifted away from opposition to more of a nationalist, pro-war stance. When hostilities ended, he started a newspaper, Il Popolo d’Italia (The People of Italy), which gave voice to a new and coherent philosophy of statist nationalism that eventually became known as fascism.


As Fermi’s summer holiday of 1922 came to an end, he began to consider what to do next. Mussolini and his confederates were planning an audacious move: a national coup d’état, culminating in a fascist march on Rome to take control of the government. The march took place on October 28, 1922, the very day that Fermi and Corbino were scheduled to meet and discuss the young man’s future.


CORBINO WAS A CENTRAL FIGURE IN EARLY-TWENTIETH-CENTURY Italian physics and was to become a central figure in Fermi’s life as well. Unlike most senior scientists of his era, he played an important role in public service as well as in the development of his academic field. Born in Sicily in 1876, Corbino was just slightly younger than Fermi’s father, Alberto, a year younger than Fermi’s mentor Amidei, and he grew up in the years following Italy’s unification in 1870. He proved a promising physicist and did important work in the burgeoning field of spectroscopy that garnered him the attention of senior Italian physicists. They plucked him from his position as a teacher at a liceo in Palermo and brought him to the university in Messina on the eastern coast of Sicily. Corbino taught there from 1904 till 1908, when he survived a disastrous earthquake that destroyed much of the town. Pietro Blaserna, the director of the University of Rome’s Institute of Physics and holder of the physics chair at the university, invited Corbino to take a position at the institute. When Blaserna passed away in 1918, Corbino ascended to the directorship of the institute, a position he held until his own sudden and untimely death from pneumonia in 1937.


Corbino was even shorter than Fermi and rounder, bald with a bushy moustache and bright eyes. He was a fine teacher. Laura Fermi enjoyed a course she took with him, pronouncing him “impressive.”


Corbino’s early graduate work in Palermo was critical in shaping his internationalist view of the field. His professor had studied with the great Dutch astrophysicist Hendrik Lorentz and, unlike many of his Italian contemporaries, was eager to keep abreast of developments outside Italy. He imparted this enthusiasm to Corbino, who devoted much of his career to keeping track of external developments and, at the same time, to bringing Italian physics to the attention of the rest of the world.


Corbino was also an administrative genius. Successive Italian governments recognized this and placed him in positions of increasing importance. After the war he served as head of the committee overseeing water resources, and in 1921 he was appointed Minister of Public Instruction. In 1923, Mussolini named him Minister of National Economics, in spite of the fact that he was not, and never would be, a member of the Fascist Party. Along the way, Corbino also became a senator in the Italian parliament. He was close to Italian industry and served on the boards of several Italian electricity companies.


His academic prestige grew in tandem. He was a member of the Accademia dei Lincei, at the time the most prestigious scientific society in Italy, and president of the Società Italiana di Fisica (Italian Physical Society) from 1914 to 1919.


With each new role he further cemented his reputation as a brilliant technocrat with a sound sense of judgment and an ability to move serenely and efficiently through the bureaucratic labyrinths of Italian power. He openly regretted the various governmental responsibilities that prevented him from continuing what had been a distinguished research and teaching career. In young Fermi he saw his opportunity to put Italy where he believed it deserved to be, at the forefront of world physics. For his part, Fermi could have found no one better placed to guide his career. It was to be an historic partnership.


On that day in October 1922, when the two of them were supposed to be discussing Fermi’s future, Mussolini’s supporters marched on Rome and the prime minister petitioned the king to declare a national state of emergency, something that, under Italy’s constitutional monarchy, only the king could do. Corbino and Fermi could not help but fixate on the situation. As reported by Laura Fermi years later, they speculated as to whether the king would sign the declaration. Corbino expressed distaste over the fascists’ embrace of violence for political ends but viewed a signature as the start of a prolonged, bloody civil war. Fermi noted that the king rarely countered his cabinet’s recommendation. “Do you think he may go against his cabinet?” Fermi asked the older and wiser Corbino. “He has never been known to take the lead but has always followed his ministers.”


Corbino paused before replying. “I think there is a chance that the king may not sign the decree. He is a man of courage.”


“Then there is still a hope,” his younger colleague suggested. Fermi had clearly misunderstood Corbino.


“A hope?” he replied. “Of what? Not of salvation. If the king doesn’t sign, we are certainly going to have a Fascist dictatorship under Mussolini.”


Corbino was right. The king refused to sign, sparing Italy a long civil war, and within a week, Mussolini was prime minister of Italy, well on his way to creating the twenty-one-year-long dictatorship foreseen by Corbino.


CORBINO HAD ADVISED FERMI TO APPLY FOR A SCHOLARSHIP AT THE University of Göttingen, in the central German state of Lower Saxony. The competition for this particular scholarship, sponsored by the Italian Ministry of Education, was intense, but Fermi won it without apparent effort. On October 30, 1922, two days after the Fascist march on Rome, the fellowship committee met and awarded him the fellowship. Thus began one of the most mysterious and inexplicable periods of Fermi’s entire career.


THE UNIVERSITY OF GÖTTINGEN WAS ONE OF THE WORLD CENTERS of physics. The eminent theorist Max Born and his close colleague experimentalist James Franck had already started to build a major center, recruiting brilliant students, including young Werner Heisenberg, who would shortly become world famous. Another theorist, Pascual Jordan, had recently arrived from Hanover and would in time make his own indelible mark on quantum theory. Fermi just missed overlapping with Wolfgang Pauli, an Austrian who had already written a seminal treatment of relativity theory. The two of them would meet only five years later, at a conference at Lake Como in Italy in 1927.


Born was a slightly shy, somewhat formal gentleman in his early forties, who had studied at Göttingen early in the century with three of the world’s greatest mathematicians, David Hilbert, Felix Klein, and Hermann Minkowski. His original work on relativity won lavish praise from Einstein himself. After stints at the universities in Berlin and Frankfurt, he was recruited to Göttingen and brought Franck, an old friend and colleague, along with him. Born was at Göttingen barely two years when Fermi arrived, a newly minted graduate with some five published papers to his name. It should have been a wonderful moment for Fermi.


However, quantum theory, for which Göttingen would soon become world famous, was at a momentary impasse. Niels Bohr had developed a theory of the atom that incorporated the basic insights of quantum theory, but a number of important experimental observations remained unexplained. In early 1925, all that would begin to change, but when Fermi arrived, late in 1922, these breakthroughs were in the future.


Not only was quantum physics at a standstill but also Germany itself was an exceedingly unpleasant place. Reeling from four years of unsustainable reparation payments as a consequence of the Treaty of Versailles, the German economy entered a period of hyperinflation that destroyed the economic and financial fabric of the country and destabilized the precarious Weimar Republic. Laura Fermi writes that for the first time Enrico enjoyed a feeling of relative wealth. Because his stipend was paid in Italian lire, he was able to maintain and even improve his standard of living as the financial crisis progressed. He splurged and bought himself a bicycle. A sleepy university town with little in the way of industry, Göttingen might not have suffered from some of the more unpleasant aspects of the crisis—industrial unrest, strikes, and riots—but it could not have been a happy place.


Most importantly, Fermi felt ignored. Born was not a demonstrative man and apparently paid little attention to his new young Italian visitor. It seems that Heisenberg, Jordan, and the other scholars at Göttingen neglected him, as well. Though his letters home to his father during his stay at Göttingen show no signs of unhappiness—rather, they focus on money, family, food, vacation, his new bicycle—Laura Fermi writes that this was a moment in Fermi’s career when he needed validation and did not get it. Yet Fermi knew he was special and throughout the course of his career never needed anyone else to tell him so.


Segrè puts some of the blame on Fermi, suggesting that the young physicist was “proud, shy, and accustomed to solitude.” Years later Fermi’s future Manhattan Project colleague Leona Libby went further, observing that he had “a stored-up, never forgotten bitterness against the physicists he encountered on his first visit to Germany as a very young man. He most of all resented the fact that Marie Curie and Werner Heisenberg, in particular, had completely ignored him, to the point of exceeding rudeness,” adding, “This was the winter [1923] that made Fermi miserable because, as he told us later, he was completely unappreciated and ignored, almost ostracized from the in-group.” The intensity of the resentment is surprising at such a remove in time and place, yet it is hard to see why Libby would invent such an anecdote.


Finally, and not inconsistent with the other explanations, this was Fermi’s first time living and working outside of Italy for any substantial length of time. In spite of his comfort with the language, he may have felt alien and lonely simply by virtue of his being so far away from home.


If Fermi was deliberately shunned by the Göttingen “in-group,” this may also have reflected snobbery among German physicists toward their Italian colleague. Fermi never carried himself as a particularly cultivated or cultured individual. He was obsessed with physics and aside from his outdoor activities had little interest in anything else. His regular habits involved getting up early, working all day long, with a lunchtime break for several hours in the early afternoon. When he came back from lunch, he would work until late afternoon, have dinner, and go to sleep. Each day was very much like the last. He had little time for nightlife, café life, or cultural life. Though Born was no night owl, the younger students loved to hang out in cafés and talk about culture and philosophy well into the night.


Furthermore, the group that Born and Franck recruited was certainly more inclined toward philosophy than Fermi was. Heisenberg was obsessed by what quantum theory really meant about the nature of reality. Pauli, although not quite so obsessed, thought deeply about these issues, as well. In Fermi they did not find a fellow traveler. Fermi preferred to stick with questions that had definite answers, answers that he could find through careful, systematic work. As quantum theory developed, the philosophical issues became more complex, and yet throughout his life Fermi resisted any speculation of a philosophical nature. His aversion to the deeper questions could well have influenced his German colleagues to ignore him.


One wonders why Curie would have, in Libby’s words, “ignored him, to the point of exceeding rudeness.” She may have been a bit prickly, but by the time she visited Göttingen in 1923, she had nothing to gain from being rude to a young Italian physicist. On the other hand, she was known to be strongly skeptical of theory and theorists. To the extent that Fermi presented as a theorist—which is quite likely, given that he did no experimental work while he was in Göttingen—it is possible that she lumped him together with other theorists and thus had no time for him.
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