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Introduction

This book is not about mathematics but about mathematicians, individuals who have made mathematics the pursuit of a lifetime. It also recounts the history of an academic department that wanted to learn about its most recent and successful half century from the faculty members with the longest memories. The project began with a thought. Professor Gilbert Strang was regretting the loss of Gian-Carlo Rota, who died suddenly in his sleep at age 66. Rota had single-handedly put combinatorics on the map of mathematical respectability. He held the unique title of Professor of Applied Mathematics and Philosophy, had published a collection of thought-provoking essays called Indiscrete Thoughts, and was one of MIT’s most popular teachers. What a pity his lectures were not preserved, Strang thought.

His wife, Jillian Strang, brought a historian’s perspective to the problem. Why not interview some of the older generation? she suggested. Get their recollections down on paper before these memories, too, were lost. Strang mentioned the idea to I. M. (Is) Singer, who discovered the index theorem with Michael Atiyah and whose opinion is key to department enterprise. Singer liked the idea, as did department head Michael Sipser. The core mission: ask surviving members of today’s senior generation what they remember of the department’s history.

By any account, after all, the department that these mathematicians built is a success story. In the first half of the twentieth century, astonishing as this may seem for the home of Norbert Wiener, the department’s primary mission was teaching MIT’s engineering students the mathematics they needed to know. The generation interviewed here was hired as part of an ongoing effort to transform MIT mathematics from a service department to one focused on both teaching and research. Today MIT is ranked in the top handful of anyone’s list of the best mathematics departments in the country. The collective memory of the department’s oldest representatives—twelve men, 65 and older, all but two still working, as well as the widow of department godfather Norman Levinson—provides an important chapter in the story of that success.

The core idea of the project, once articulated, soon expanded to include not only memories of the department but also a focus on the individuals themselves. Anyone hired to a tenure-track position at MIT is exceptional. It therefore made sense to ask about the years before they came on board, beginning in childhood. How did bright youngsters first become attracted to mathematics, and how was their initial interest nurtured? Any educated person today will have a sense of mathematics as the fabric underlying our understanding of the physical world, a crucial element of the language we use to think about science and engineering. This realization was dawning only gradually in the years following World War II: most of the interviewees were only dimly aware, if at all, of a research mathematician as something real people became. In the 1930s this was to be expected: Norman Levinson (1912–1975), a formidable mathematician whose judgment and behind-the-scenes leadership profoundly shaped the mathematics department at MIT, assumed he would train as an actuary and get a job in insurance. Levinson knew jobs were scarce in those Depression-era days, even more so for the son of Jewish immigrants. Yet an entire generation later, an Estonian immigrant of practical bent like Alar Toomre still saw mathematics as “too much like opera. You got paid only if you were terrific.” Even Michael Artin, a future leader in modern algebraic geometry, assumed he would get a teaching position at a small-town college somewhere.

The mathematics community has made great strides in identifying and nurturing mathematical talent and inclination. Fifty years ago, the process was much more haphazard. The paths these young men took to a career in mathematics were varied, and few had the final goal in mind. Some ambled up to the front door, set on their path by an early delight in number manipulation that deepened over time. Others clambered in through the back window, trying to understand the mathematics that undergirded an initial love of chemistry or physics. Bertram Kostant remembers being fascinated by the formulas of chemical reactions, as well as by “the magic and power of chemistry”—a dangerous attraction in the hands of a brilliant but rebellious youngster. But he was always good at mathematics as well, and he was entranced by the notion of statements that could be proved, in such contrast to the argumentative, fast-talking culture of Brooklyn where he’d grown up. Kenneth Hoffman attended Occidental College because of their track-and-field team. When told by his mathematics teacher, Mabel Barnes, that he should consider graduate school, his response was, “What’s that?”

Then, as now, exceptional students will often gravitate toward—or attract—exceptional teachers, thesis supervisors, mentors. Fagi Levinson remembers how her husband’s talent got the attention of Norbert Wiener, not a mathematician known for his attentiveness to the faces in front of him but a generous mentor once he realized that the young Levinson was worthy of his attention. Many here remember giants of the previous academic generation: Emil Artin, Alonzo Church, Paul Erdős, Alexander Grothendieck, Peter Lax, Solomon Lefschetz, James Lighthill, Marshall Stone, Oscar Zariski. They remember the workings and atmospheres of other top-flight institutions: Harvard, Chicago, Oxford, the Institute for Advanced Study, and the IHÉS. They remember teaching that worked for them—some appreciating precision, others a more improvisatory style that left room for their own contributions—and guidance that stayed with them decades later.

A working mathematician’s first years in the field are often the most pressured. There’s the holy grail of tenure, of course, but many young mathematicians are also haunted by G. H. Hardy’s famous pronouncement, in A Mathematician’s Apology, that “mathematics, more than any other art or science, is a young man’s game.” Fagi Levinson recalls John Nash as particularly anxious to secure his place in the pantheon before he reached the age at which, he believed, a mathematician’s best days are over. “Thirty was a dirty word,” she says. Youth conveys undoubted advantages in tackling certain kinds of problems. Yet Norman Levinson himself was an inspiring example of a person with the focus and determination necessary to make important contributions throughout his career, as are Is Singer and others in this volume.

The life of most mathematicians is more measured tread than glorious gallop, and a forty-year career often lies beyond those early years. The years after tenure bring other rewards as well, as these conversations testify. Careers can take surprising turns, for one thing. New areas of fresh inspiration can fall into one’s lap almost by accident. Alar Toomre, though always interested in aviation and aerodynamics, wasn’t planning to devote his life to the mathematics of spiral galaxies. A newcomer to the department with a PhD on wind tunnels and shear flows, he was converted by a series of let’s-learn-this-together sessions organized by C. C. Lin, who had returned from a meeting at the IAS all fired up with enthusiasm for these “wonderful objects,” in Toomre’s words. A buzz among engineers about the finite element method persuaded Gilbert Strang to look into it further and, ultimately, to provide it with a rigorous mathematical foundation. A request for an article on Schubert calculus drew Steven Kleiman to enumerative geometry, where he became one of the central figures in the field. A PhD student’s interest led Michael Artin into noncommutative algebraic geometry, “a nice, quiet pond where I could spend my declining years,” Artin thought, though he allows that, due to recent interest shown by theoretical physicists, “the water [is] getting a little turbulent.”

Many in this book have thought deeply about how mathematics is passed on to the next generation. MIT is known as an excellent place to get an education in mathematics, both at the undergraduate and graduate levels. How does a department earn such a reputation? Even senior department faculty commonly teach basic courses at MIT, and the faculty has written well over a hundred textbooks in the last half-century or so. But these conversations suggest that excellence in teaching is more than just a matter of books and blackboards. It is Arthur Mattuck’s decades of devotion to undergraduate education, including his wry booklet on the art of recitation teaching, “The Torch or the Firehose,” which has spread to other universities and been translated into several languages. It is the Research Science Institute (RSI) and the Summer Program for Undergrad Research (SPUR), programs that pair high school students and undergraduates with graduate students as mentors in a summer research project. (Both were run for many years by Hartley Rogers, who has now passed the reins to David Jerison.) It is Michael Artin’s continued search, even in his third decade of teaching undergraduate algebra, for the perfect exercise. It is Steven Kleiman’s focus on imparting the craft of setting out one’s research findings in a coherent paper and Gilbert Strang striving for that trademark conversational tone in his latest textbook. It is Daniel Kleitman dreaming up Java applets to illustrate the concepts of calculus more viscerally. It is videoed lectures on MIT’s OpenCourseWare, downloaded and viewed free of charge by students all over the world.

Administration is another key to excellence. Some see administrative service as a distraction or, worse, an admission that your work has dead-ended or your mathematical powers are not what they used to be. Others, as these narratives show, develop a genuine interest in the larger departmental or institutional view, the tactics and logistics that undergird scientific accomplishment. If a department is only as good as its faculty and students, how to secure the brightest of both? What new departmental structure might guarantee applied mathematicians the autonomy they need? How to chip away at budget cuts from above, obtain the next generation of desktop computers for the faculty, or conjure badly needed office space out of turf whose borders seem set in stone? Such initiatives are rarely the stuff of headlines, but they are no less necessary for that. Other contributions are more dramatic: helping the institution weather the student riots that rocked the MIT campus in 1969; arguing for more mathematics funding in Washington, D.C., and making sure that the arguments are not only made before the microphones but acted upon afterwards.

Frequent references to current events and social trends belie the perception that mathematics is a solitary and isolated pursuit. The interviews reflect a surrounding landscape that is always in flux, an institutional and societal context that continued to evolve throughout these men’s lives and careers. World War II brought the G.I. Bill, a great physical and intellectual migration from Europe, and a dawning perception of scientists as heroes. Korean War deferments shaped decisions as to what degrees to pursue. Vietnam and the Sixties sent waves of protest through campuses across the country and around the world. The Cold War and a changing political climate led to seismic shifts in federal funding. All of these, in big ways and small, put their stamp on the stories these interviews tell.

Here, then, is the recent history of a university department, in the context of its times, through the eyes of some who worked within its walls. Rather than imposing a single voice and central organizing principle—a simple timeline, say, or the reign of successive department heads—we have retained a narrative form, distilled in each case from longer conversations, that allows each faculty member to give his own account. The historical picture emerges from a range of vantage points, “like triangulation in surveying,” as Arthur Mattuck remarked.

A final note: The voices of women are largely missing from this account. Norman Levinson’s widow, Fagi, recalls that during his earlier years on the math faculty, “women were allowed to be TAs but weren’t allowed to teach, but he finally changed that, and of course they did very well.” Today the proportion of women among mathematics faculty members at MIT is still low, but it rises steadily as one looks to successively younger groups—instructors, graduate students, and undergraduate mathematics majors, almost a third of whom are women, including some top students and national prize-winners. As these words are being written, the department and the National Science Foundation are sponsoring a conference, “MIT Women in Mathematics: A Celebration.” Speakers include women faculty from eight different universities, all but one of whom received their PhDs in mathematics at MIT.

Joel Segel

Cambridge, Massachusetts

April, 2008





From the Department Head

The idea of compiling this collection of interviews came about several years ago with the recognition that many of the key figures in the mathematics department were nearing retirement. We decided to commission a series of interviews to preserve their recollections of the evolution of the department, to capture their anecdotes about mid-twentieth-century mathematical life and its intersections with the political and social climate of the times. As a newly appointed head of the department, I also felt it could be useful to learn how previous heads succeeded in building the department into the mathematical powerhouse it is today. We hoped the interviews would be informative, interesting, and perhaps even entertaining.

We recognized one thing: we would never manage to do it ourselves. I consulted with Joel Segel, a writer and editor with extensive experience in interviewing. Joel had grown up with an appreciation of our mysterious world and had a personal connection to the department as well: his father, Lee Segel, had been a well-known applied mathematician with a 1959 PhD in mathematics from MIT. Joel put together a detailed proposal for the project, and we decided that he would conduct and edit the interviews.

As the project started, it took form and grew. Early on it became clear that we should include Fagi Levinson, Norman Levinson’s widow, who had been central to the social fabric of the department for decades. Joel interviewed her first. I polled various faculty to come up with lists of other possible interviewees. (One person we wish we could have interviewed is Ted Martin, head of the department from 1947 to 1968 and mentioned in so many of the interviews. He died shortly before the project began.) In some cases, faculty came forward and volunteered to be interviewed. Though we had originally planned to include all of the older faculty, the project’s length and duration prevented us from doing so while keeping it to a manageable size and timeframe. For the same reasons, we decided not to interview any of the younger faculty. Our apologies to those who wanted to participate but didn’t have the opportunity. We offer these recollections in the hope that current and future faculty will take up the story where we left off.

Michael Sipser

Cambridge, Massachusetts

March, 2008
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Zipporah (Fagi) Levinson


Editor’s Note

Zipporah “Fagi” Levinson, wife of the late Professor Norman Levinson, is a vibrant and irreplaceable part of the Mathematics Department’s institutional memory and perhaps the person best qualified to put a human face on the period when the department was coming into its own as a full-fledged research entity. Warm, down-to-earth, yet acutely conscious of the lofty endeavor that her husband and his colleagues were devoted to, she was the department’s unquestioned “den mother” for decades, a sympathetic ear and helping hand to the likes of Norbert Wiener and John Nash. “I felt comfortable with mathematicians,” she said. “They are an unconventional group, to be sure, but very decent people.” Clearly devoted to her husband’s memory, Fagi Levinson retains a humorous, no-nonsense view of his idiosyncrasies and those of the colleagues who surrounded him.
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Norman Levinson.


Norman Levinson spent almost his entire professional life at MIT, from undergraduate student to Institute Professor and department chairman. A man of extraordinary talent and iron discipline, he was awarded the Bôcher Prize for his contributions to nonlinear differential equations and did some of his best work, on the Riemann zeta function, shortly before he died at the age of sixty-three. The preface to Levinson’s Selected Papers summarizes his contributions as follows.


The deep and original ideas of Norman Levinson have had a lasting impact on fields as diverse as differential and integral equations, harmonic, complex and stochastic analysis, and analytic number theory during more than half a century. Yet, the extent of his contributions has not always been fully recognized in the mathematics community. For example, the horseshoe mapping constructed by Stephen Smale in 1960 played a central role in the development of the modern theory of dynamical systems and chaos. The horseshoe map was directly stimulated by Levinson’s research on forced periodic oscillations of the Van der Pol oscillator, and specifically by his seminal work initiated by Cartwright and Littlewood. In other topics, Levinson provided the foundation for a rigorous theory of singularly perturbed differential equations. He also made fundamental contributions to inverse scattering theory by showing the connection between scattering data and spectral data, thus relating the famous Gelfand-Levitan method to the inverse scattering problem for the Schrödinger equation. He was the first to analyze and make explicit use of wave functions, now widely known as the Jost functions. Near the end of his life, Levinson returned to research in analytic number theory and made profound progress on the resolution of the Riemann hypothesis.1 



Levinson was the behind-the-scenes architect of the mathematics department in the days of its great expansion, lending counsel to department head Ted Martin on every important decision. He also had an impact on the teaching and communication of mathematics: his exposition of the Selberg-Erdős proof of the prime number theorem was honored with the MAA Chauvenet Prize, and fifty years after the publication of Coddington and Levinson’s Theory of Ordinary Differential Equations, the book is still frequently cited and assigned in courses on differential equations, numerical analysis, and advanced calculus.



From Revere to Cambridge

J.S.: How did Norman Levinson come to MIT?

Z.L.: My husband came to MIT from Revere High School. His parents were poor immigrants. They didn’t know anything about education here, but the high school principal told him to come to MIT and to apply for a scholarship. So he came, and he thought that the only thing to do was earn a living by getting a degree in electrical engineering. But Norbert Wiener soon spotted this kid and told him what courses to take, to stop his major in electrical engineering and to go into mathematics.

Wiener’s lectures weren’t very clear, and his classes were small. On the other hand, he gave every student an A. There was no bell curve. And if he had a student like my husband, who asked intelligent math questions, understood what he was talking about, and made suggestions, he would often make him his collaborator. My husband said he wanted to do his own work. He didn’t want to feel he had to do what Wiener was doing.

By the time Norman was a senior, he’d written several papers that they figured were worthy of a PhD, though he wasn’t registered in the graduate school. So Wiener sent him to England on a Proctor Fellowship to study with Hardy for a year, which was why Hardy knew about his work so well. He used to work all night and sleep in the daytime, but he had this colleague who would go to Hardy’s lectures and bring back the notes and tell him the stuff, and Norman would send notes to Hardy, too. So Hardy and Littlewood knew him in this way. When he came back, he got his degree.2 

Now, there was a numerus clausus,3 not only for Jewish students, but for Jewish faculty. Most schools, if they had one Jew, figured that was more than enough. MIT began as an engineering school; they had a math department that was just a service department for the engineers, so they didn’t care. They had Wiener, his brother-in-law [Philip] Franklin,4 [Samuel] Zeldin, and Jesse Douglas—four Jews. And Jesse Douglas had had a nervous breakdown; he was in the hospital, and his classes had to be taught.5 But when my husband was proposed by Wiener, the school said too many Jews, too many Jews. So he went to Princeton, along with all the other unemployed Jews, to the Institute for Advanced Study.

They’d get these little stipends, just barely enough to live on. My brother [Henry Wallman] was there with Hugh Dowker.6 They shared a place. Hugh Dowker had a bed on the floor, and he had figured out the best diet, which was a head of raw cabbage every day. He claimed that this had the vitamins and the minerals and the carbohydrates— name it: proteins, everything. Warren Ambrose felt that he could afford to have his car only by not having a room and living in his car. All the young mathematicians would come to tea time at 4 o’clock and gobble up all the tea there was—the cookies, whatever they had there—because that represented a very important meal of the day.

If they ever wanted to come to New York, they obviously didn’t have money for hotels or anything like that, so my brother would invite them to our house and they would stay overnight. So I met Norman there.

Norman Levinson was appointed as an instructor at MIT in 1937 after G. H. Hardy interceded on his behalf, at Norbert Wiener’s request. Tell me how that happened.

Well, you see, Hardy came to Princeton for the 200th anniversary. They went on boats, they didn’t come on airplanes in those days, so you didn’t stay for just a week; you stayed for a few months. He made his speech, he was a little bored, there was nobody to talk to in mathematics who knew his work except my husband, who’d spent a year in England, so he knew his work very well. So he came to Cambridge, and Vannevar Bush7 took him around, and every time he showed him a new thing, Hardy said, “What a marvelous theological institution this is!”

Finally [Bush] said, “It’s not a theological institution!”

And Hardy said, “Then why don’t you hire Levinson?”

Hardy was an atheist, and he loved to make jokes about God anyway, so he enjoyed this. So Norman came in as an instructor and took over Jesse Douglas’s classes.

And you were married about a year after that?

Yes, that’s right. When Norman first got his job at MIT, he decided that he would like to come to New York for his first Christmas vacation, so he stayed with some friend’s family, and he took me out. We were both Communists.8 

I joined when I was a graduate student—but actually my father was a Communist. You know, these Russian Jews were very proud of the fact that the corrupt Czarist government was overthrown, and at least in the earlier Communist days, they were tolerant of Jews—Trotsky and so on.

It was like a religion: you don’t marry outside the religion, or even socialize. It was a very sectarian, dogmatic sort of thing. So one day we went to a Communist meeting, the next day we went to a Communist play, etc., etc.
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Norman and Fagi Levinson in Copenhagen, 1949.


By the time the week was over and he was going back, he said to me, “How would you like to come to Cambridge and see a football game?” That was the standard way of inviting a young woman.

I said, “Well, I’m not crazy about football.”

He said, “Neither am I. Let’s get married.”

So we did. We married the next week, and I tell you, it scared the hell out of his parents, and it was quite a sensation in the mathematical community here. On the morning of the wedding, a special delivery package came to me, signed by all the mathematicians of the Thursday Forum, wishing me good luck. I still have the book.



Norbert Wiener

What was your husband’s relationship with Wiener like?

Norbert Wiener was his mathematical father, and he was very, very devoted to Norman. For example, Wiener was very much impressed with Norman’s parents, that they were these simple, uneducated Jewish people who managed to send a son to MIT and a daughter to Radcliffe. When my husband was going to England for a year, they were scared silly, because he was going to go across on a boat, and they remembered their coming across in steerage: it was filthy, it was diseased, lousy food. So Wiener went to their house in Revere—you know, the slums—and he told them all about Cambridge, about the meals and the High Table, Hardy’s love of sports, all kinds of things like that.

Now, by the time my husband finished writing his book,9 we were married and expecting our first child. The math department had one secretary at the time, so he brought the manuscript into her, and she said she was too busy, she couldn’t type it for him: he would have to hire a typist, and it would cost three hundred bucks. It was a lot of money for us.

So that afternoon my husband and I were sitting in our tiny apartment, figuring out how we would raise the three hundred bucks. In walks Wiener with his Royal typewriter: they were very junky little portable typewriters in those days, but it had a few mathematical symbols on the keyboard. He plunked it down on my kitchen table, took off the cover, and showed us how, by back spacing and half spacing, you could make more mathematical symbols. Then he said to me, “Fagi, take the typewriter and type the book!” I told him I didn’t know how to type—in those days, people didn’t type except secretaries. So he said, “Don’t worry, go to the Coop.10 They have a Royal typing manual; it has pictures of the keyboard, and graded exercises.” And he half sang, “‘a-s-d-f-g-f, semi-l-k-j-h-j.’” He said, “Practice with the book for a couple of days; then type the manuscript.” And that’s what I did. I finished the typing a week before the baby was born.

Since there was only this one secretary in the math department, every time Wiener wrote a new paper—and he was very prolific—he would sit down at this typewriter and type it out—he was a hunt-and-peck typist—and send it off to a journal, fast, and that was much better than waiting for the secretary to get around to it. But he gave me the typewriter, and I had it for four, five months. He never once said, “Hurry up, give it back.” He was glad; he felt Norman was his baby, and he had to nurture him, to take care of him.11 
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Norbert Wiener lecturing.


Wiener had this manic-depressive pattern. When he was high he would go all over the school and tell people his latest theorem. I remember once he came to my house. Norman was away, I was feeding my kids; he couldn’t wait, he’s telling me his latest theorem. He knew perfectly well I didn’t understand a word of mathematics, but he told me anyway. And when he was depressed, he would sit, and the tears would come down his face, and he’d say, “I’m going to kill myself,” and he would do that [gestures across throat]. You know, he had this family history of schizophrenia. His brother Fritz was schizophrenic, and then their sister Constance’s son became schizophrenic.

And this was a deep, dark secret. In those days you didn’t talk about these things. I mean, when Mrs. Leo Wiener went to visit Fritz in the institution, she disappeared for the day, and then she appeared back. It was a no-no; nobody talked about it.

Wiener would build up to a certain point of tension, but then he would sleep, and it would drop off. He was a sort of narcoleptic. He was famous; he’d sit in a classroom or lecture room, and he’d be snoring in the front row seat, and then he’d wake up, but somehow he would ask the right questions of the speaker, as if he had heard the whole thing through his sleep.

Wiener was very, very childish in many ways, very egocentric, but I think he was a very kind man. His kindness just rubbed off; everybody at MIT felt that his kindness made MIT a much, much nicer school to students than, say, Harvard or other schools. Norman was very loyal to him. At one point Wiener asked my husband if he would tutor one of [Wiener’s daughters] to get her through some exams. Norman never did things like that, but of course he wouldn’t refuse, and he did tutor her and got her through.

My father, Lee Segel, who was also a mathematician,12 told me a story about Wiener that was corroborated by your brother, Henry Wallman. Here it is, in Dad’s words: “Wiener and Levinson and Wallman were going to a meeting, and Wiener was driving, and they stopped for gas. And Wiener started talking with the kid that was pumping the gas. He said, ‘We’re all going to a meeting of the American Math Society in Charlottesville, Virginia, where the University of Virginia is, and these two young guys here are giving fifteen-minute contributed talks’—maybe it was twenty minutes, I don’t remember— ‘and anybody can give a contributed talk who’s a member of the American Math Society, and anybody can join the American Math Society if you just pay the dues. However, I am giving a one-hour invited talk, and people who are invited to give a talk of one hour, they are among the leading American mathematicians of the time.’ And maybe he said what he was going to talk about. By this time the fueling was over, and Wiener paid this kid, and as he drove off, said to the other guys, ‘I love to keep in touch with the common man.’”

[Laughs uproariously.] Oh, that’s wonderful. I remember Wiener’s mother, Bertha, said to Wiener, “I know President Pusey!”—the president at the time at Harvard. So Wiener answered, “But does President Pusey know me?”



Life with a Mathematician

Do you have any sense of how Professor Levinson chose problems to work on, what appealed to him in a problem?

Well, he changed fields many, many times, and he was able to grasp problems in one field, and then in another, and then another. He liked hard problems and could work very hard at them.

My husband liked to get home from work and work in his study. Sometimes he would be so busy working, he didn’t have time to get dressed; he would wear a bathrobe. You know how people would have a patch on the elbow? His bathrobe would wear out on the seat, because he’d sit on that damn chair in the study so long. When I’d see the bathrobe getting that way, that was when I would get him a new bathrobe.

He never went shopping for clothing and was never in the grocery store— although when he was a kid, he worked in a grocery store in Revere after school. I would buy him the clothes, the underwear, whatever was necessary. The only thing he really had to buy was shoes, because he had to try them on, and that was always a big problem; I had to trick him into getting shoes. It was a pain in the neck.

When the door of his study was closed, nobody, including the children— nobody opened that door. Once one of the children, the older one—she was a three- or four-year-old kid, a young kid—figured out what infinity was. She says, “No matter how you do it, there’s always one more, there’s always one more.” And I got so excited I opened the door and I told him, and he was pleased. But in general, I didn’t open the door.

My husband knew how to delegate work very, very well. So he would make me read proof, do editing of manuscripts, and go to the library for certain things that he didn’t want to check up himself. I was always proofreading, typing mathematical manuscripts—he didn’t want a graduate student to do it; they might make mistakes.

Was that satisfying to you, though? Did you ever want to pursue your own career?

Well, this was an era when women weren’t emancipated. I felt that I had to take care of the children and run the house and make the meals and wash the clothes, and if I had spare time to do these things to help out my husband, why not?

I was very careful about money. I’m still careful about money. I always felt that I had money for the luxuries because I was so careful with the necessities. For example, I never took a taxi, unless it was a situation where I couldn’t drive or had to get somewhere fast, but Norman always took a taxi, because he didn’t want to waste time, to get away from mathematics too long, and a taxi was a simple solution.
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Left to right: Dick Schafer, George Whitehead, Kay Whitehead, Barbara Brauer, George Brauer, and Alice Schafer.


We were living in Concord, and I had to pay bills for dentistry, for piano lessons, all the things that involve children, and even my husband one day noticed that the kids weren’t well dressed, compared to the other children. So I figured, “My God, if he notices, it must really be bad.” Well, I was talking to a neighbor; she said there was an ad in the local paper for a converted Singer sewing machine, made electrified, for five bucks. So I bought that. Then the high school had a night school where they have little classes and things for adults, and one of them was sewing, for another five bucks. I took that course for eight weeks, and after that I was in business. I found out that I could go to the Woolworth’s, and for a dollar a yard, I could get the most beautiful materials! For two yards, yard and a half, I could make my kids a most marvelous dress. So I started making my kids their clothes, my mother-in-law, and then even my own. Only in recent years did I start buying a coat occasionally, but I used to make everything.

A Beautiful Mind, Sylvia Nasar’s book about John Nash, quotes you as follows: “These mathematicians are very exclusive. They occupy a very high terrain, from which they look down on everyone else. That makes their relationships with women quite problematic.”13

Well, mathematicians certainly stick with mathematicians, because very few people understand them other than other mathematicians. But it’s a very exclusive little club. They all got married, and they all believed in families and sex and all that, but when there was a mathematical party, the women sat at one side, and the men were at the other and discussed mathematics. The women were excluded.

The usual thing is there were these Thursday colloquiums at MIT or Harvard, and even the mathematicians from Brown would come. They would invite some speaker to give a mathematical talk. And afterward there was a dinner and a party in somebody’s house. If it was in one guy’s field, he would make the party. So that’s how they socialized. They couldn’t socialize with people who’d talk about tomatoes or clothes or something; they had to talk to people who understood the values they had, which were mathematical values. They’re attracted to mathematics like a drug addict is attracted to drugs. They can’t stay away from it.



Professor Levinson and His Students

I asked Fred Brauer14 what it was like to have Professor Levinson as his supervisor. Here’s what he said:


He would start by suggesting a problem and some things to read. And then I would work on it and get stuck. He always taught Monday, Wednesday, Friday from 10 to 11. So at 11, there would actually be a line, because he had several students working with him, people waiting to ask him something, and when it was my turn I would go to the office and explain what I had done and where I was stuck. He would take another bite of his sandwich, suggest something that was obviously ridiculous—couldn’t possibly work. And then I would go on and try what I thought was reasonable, and after a week or two I would get over the difficulty, and then afterwards I would look back and realize that, in a sense, what I had done was what he had suggested. I hadn’t quite understood it that way. You really had to work at it until you saw it. That kept repeating.



Yes, he had about 35 students and he was very good to them, very patient with them and very kind. He wrote a book15 with Redheffer, who had been his student. Norman treated these [younger men] as equals; he gave them full credit. When the publisher said he wanted to make the name [of Theory of Ordinary Differential Equations] Levinson and Coddington, he said, “No, have it alphabetical.”16 

Only one or two of Professor Levinson’s thirty-odd students were women.17 Can you say more about his attitude to women mathematicians?

Well, he had a few women students; Violet Haas was one of them. He was very kind to them. The women were allowed to be TAs but weren’t allowed to teach, but he finally changed that, and of course they did very well. And the men had offices; the women didn’t have offices. Finally the school found room. They pushed the janitor—who had a room with his brooms and mops and stuff like that—to one side of the room, squashed three desks in, and the women were so used to being treated badly that it never occurred to them to complain about having to share a room with the mops and the brooms.18 



The McCarthy Years

Stanislaw Ulam said, “In many cases, mathematics is an escape from reality. The mathematician finds his own monastic niche and happiness in pursuits that are disconnected from external affairs.” Yet one external affair, McCarthyism, affected not only your hus-band’s work, but your family life as well. Professor Levinson was called to testify before the House Un-American Activities Committee (HUAC). Did you ever see the transcript of your husband’s testimony?

Oh, yes. That was issued to the faculty, the whole MIT community. There was this thing called “guilt by association,” so MIT felt very vulnerable. There were these three former Communists: my husband; [Ted] Martin, who was in the math department, and a man in the chemistry department, [Isadore] Amdur.19 So they felt very, very vulnerable. The administration spent the whole time before these hearings consulting with lawyers, and the faculty debated and debated how best to remove this stain on its integrity, its patriotism. Guilt by association. So they all felt that the best thing would be if the three would be cooperative witnesses, that is, a witness who would name names. Two of them said yes; Norman said no. Most of the people— his own father—thought he was a damn fool for not being a cooperative witness. But Wiener understood this. He said Norman had to make a decision he could live with for the rest of his life.

In most cases people were fired. MIT kept them on. Compton was the president at the time,20 and he was a very decent man, and he wanted these three people to have as good a chance as possible to get out of this. MIT got [Stuart Rand of Boston law firm] Choate, Hall and Stewart to defend these three people in Washington. The previous people who had been subpoenaed came with these junky little Communist or radical lawyers. This was the first time that a lawyer from a prestigious company came. So the people on the House Un-American Activities Committee in Washington were very, very pleased, and they were kowtowing to this Stuart Rand.

Norman said he wouldn’t name names. So Rand had the other two fellows talk first. And they did name names. And then he said to Norman, “Why don’t I ask the Committee to just ask you questions about yourself and not to name names?” And Norman did that. He told them quite frankly all the things he did in the Communist Party, but they didn’t ask him to name names.

And as a matter of fact, one of the things they asked my husband—it turns out that there were three brothers at MIT, the sons of Earl Browder, the head of the American Communist Party.21 And the older son, Felix Browder, was a mathematician, and he couldn’t get a job because of this. They didn’t want any trouble, you see, with the authorities. My husband told the Committee that it was wrong for them to condemn a fellow, that you don’t blame the child for the sins of the father. And they retracted, and the result was Felix was able to get a job after that. He had two brothers; they were also mathematicians, and after Felix got a job, finally, they were able to get jobs. And when their father retired, what do you think he did? When he visited his sons, they would teach him mathematics!

Felix Browder had a hard time; he was put in the army, and because of his father he was put in a camp with criminals, and he not only had no affinity to these guys, but he had no privacy. He wrote my husband a letter once, and he said he’s going crazy there; he can’t stand it, the absence of privacy, and the absence of mathematics, and so on.

My husband spoke to Compton, and Compton, who’d been going to Washington as a sort of science advisor to the government and knew some of the generals, spoke to the general who was in charge of that camp, and as a result Felix was given a job pumping the gasoline for the tanks in the morning. There was a little office there where he pumped it, and when he was through with the pumping, he had the rest of the day to himself, and he could do some of his mathematics. Not only that, the general told him anytime he wanted to go to a mathematics meeting, that’s okay. So Compton was a very, very nice man.

You must have been worried about your husband’s testimony.

Well, the temper of the times was such that after I drove him to the airport to go to Washington, I didn’t go home; I went to the superintendent of schools in Concord, where we lived, and I told the superintendent, “Tomorrow morning, in the newspapers, there’s going to be this whole thing about my husband.” I said, “You can think anything you want about me and my husband, but is there some way you can protect my children? I don’t want them beaten up because of this.”

This guy was a very sweet guy. Tears welled in his eyes, and he immediately called the teachers in for a meeting and told them what would happen, and he said, “You be careful. Protect their children. Protect the children.” And they did. So it was a very, very difficult time. We lived in this community in Concord called Conantum; it was a community of over a hundred families, mostly MIT and Harvard, and some engineers, graduates from MIT. After the war, the housing situation was bad, and there was an economist at MIT named Rupert McLaurin who got the money to buy this land and an architect to design the houses. It was a very nice community, and I found also that during this whole thing, they were also very supportive of us, my children and me. Everything was very anti-Communist, but in the case of my neighbors, who knew me and knew my husband, they could assume that we had a certain amount of sincerity and integrity.

I remember when my husband was first subpoenaed by the House Un-American Activities Committee; my aunt came up from New York to be with me, and I took her around my neighborhood. She said, “What are you worried about? They must all be Communists or Communist sympathizers.” This was her attitude, that this was an intellectual movement, that the more thinking people were Communists, or Socialists.

Was there a certain point at which you said, “We’re not of the Communist Party any more”?

Oh, yes! The Roosevelt New Deal made a big difference. One of the attractions of the Communists was that there were 13 million unemployed, and the government wasn’t doing anything about it. Then Roosevelt started doing things.

[At first] I didn’t believe a lot of things that were reported back from the Soviet Union. I figured, “They’re capitalists. Who’s going to believe them?” I was really infused with that religion. But certainly with the Russo-German pact and all these excesses of Stalinism, these trials, persecution of Jews, everything like that, the intellectuals dropped out of the Communist Party.

The Communist Party had a brief rise and fall. It fell very fast. I tell you, over the years I have often thought about what a damn fool I was, what poor judgment it was to believe in Communism, and this haunted me for many, many years.

This so-called paradise was far from a paradise [laughs]. When we finally went to the Soviet Union for the International Congress of Mathematics, this was a very, very wonderful thing for the Soviet mathematicians, because they weren’t allowed to travel out of the country the way the American ones were, to go to meetings all over and speak with other mathematicians and hear mathematical papers. The Russian ones, they were deprived of this. On the other hand, the spying system: the hotel, everything was bugged. The only reason they felt free to talk to you would be to talk to you in the street, where there was no bugging. They wouldn’t want to talk on the phone except, “Let’s have lunch together,” or something like that, but never anything more than that.



Life in the Department

Professor Levinson received his entire university education, from age 17 onward, at MIT, and seems to have been the central fagure in the department in his time. Ted Martin said that “during the time I was head of the department, I consulted with Norman on every major move.”22 

He did, yes. Norman was the brain that he needed for advice that was solid, about hiring people. He helped build up the math department to a very respectable research department.

On the other hand, A Beautiful Mind referred to you as “Fagi Levinson, the department’s den mother.” 23 How did you come to fall that position in people’s minds, to become the person the mathematicians turned to?

Well, when Norman and I were married, as I told you, we had this one-week courtship. So he had been sharing an apartment with Ted in Cambridge. When we got married, Ted moved out, obviously; it was a small apartment. So they knew each other for a long, long time. And when Ted was courting Lucy, his wife, who came from Northampton, she would stay with us.

Ted Martin was from Arkansas. His father was a country doctor. He remembered sitting in his father’s lap and driving their car as they went to visit the patients. If Ted entertained people, he would worry about how much the food and stuff would cost. I didn’t give a damn if one more person, two more people, a dozen people came to dinner. What the hell, you know? So if I couldn’t afford a steak, we would have spaghetti, but there was enough for everybody. And I got to know their problems, and it was obvious that some things needed a solution that was easy, and I would suggest it, or I would help them. When Alicia Nash had to go to the hospital [to have a baby], I took her to the hospital. She didn’t know how to drive. And the same thing’s true with other people; I did what was necessary, as I saw. And so did Norman.

Norman took care of the important things as he saw it, and saw to it that I took care of the things that had to be done that he didn’t want to do. I remember Nash would say to him, “How do I buy this?” or “How do I get that?” He’d say, “Ask my wife; she’ll take care of it.” And this continued even when Nash was in the hospital. Once he called me up— there was a pay phone in the ward there at McLean Hospital—and he said, “Come over right away, I have to have this and this.” And I said, “Nash, I can’t come now; I have to feed my kids, give ’em lunch,” and I said, “It’s hot as hell,” it was July or something, “I can’t come until I take a shower and get into some clean clothes; it’ll take me two hours to come.” And the reason I remember this is because, as nutty as he was, on some levels he was rational. He understood that I had to feed my kids, take a shower.

As you said, Norbert Wiener would come over when he was feeling high or suicidal. John Nash called from McLean’s to tell you he needed a shower.24 When Alicia Nash was going into labor, she called you. What was it that motivated you to do all this?

It was my duty! Just as I would feed my kids, I would dress my kids, I would buy my clothes—you know, this was part of life; you had to do these things.

Did the “Nash problem” really cast a shadow over your lives and the department’s, or was it just something that flared up occasionally but wasn’t really all that disruptive?

Well, Nash, we always hovered over him. I remember once that there was a mathmatician in Michigan, I think, who decided he had the best solution.25 And his idea was to have Nash go to this very good mental hospital in Michigan, and the hospital would give him a little job doing statistics there, and they’d pay him a little something for it so he wouldn’t feel that he was completely cut off from mathematics while he was getting treatment. When they told this to Nash, he said, “I don’t want to do that; I’m not interested in statistics.” Then another time, when he was on medication and in reasonably good health, Brandeis invited him for a year, no duties but to take part in the seminars and the mathematical meetings with the faculty, away from the tensions of MIT, and Nash liked that very much. The only trouble was, Brandeis didn’t have any money to pay him. So my husband, who was still hovering over him, put Nash on his ONR contract—Office of Naval Research contract—so Nash had money. And then it was a question of where’s he going to live? So I found out that Joe Kohn, one of the mathematicians at Brandeis, was going on sabbatical for a year. I said, “Joe, would you sublet your apartment to Nash?” He said, “Sure!” Everybody had this feeling that they wanted to help Nash, and this is the way it went.

When he was at McLean Hospital, they felt that the best for Nash would be if all the mathematicians came and visited him. I was the one who had to engineer this visiting, and I said, “My God, they hate him, such a egocentric guy”—he was obnoxious, and nobody liked him. But I was wrong. They didn’t, but they knew he’d done wonderful mathematics, and if by coming to visit him they could hasten his recovery so he could do more mathematics, of course they’d come. They all came. Even the ones at Brown came. Nobody liked him; he was too egocentric, too secretive, too selfish, but he did wonderful mathematics, and that was the important thing, the sine qua non.

You’ve talked about Norbert Wiener, John Nash, Ted Martin. Who were some of the other colorful people in the department?

Well, [Paul] Erdős wasn’t in the department, but he was always coming, and he never had a home; he only had a suitcase and would come and stay with this one or that one. Erdős was very peculiar in the way he lived, in the way he would talk about children as little epsilons, but he was very sweet, very humanitarian, very kind. [Gian-Carlo] Rota was a very good expositor [of mathematics] and he was very likable. [Warren] Ambrose liked jazz, Charlie Parker or something, and he would take people to hear this sort of music. He got involved with some sort of Latin American group and got beaten up because he opposed the government.26 
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H. B. Phillips.


The chairman of the math department in the early days was a man named H. B. Phillips.27 Phillips came from South Carolina. Very backward area: his attitude was, “You never call a doctor until you’re ready to call the undertaker.” So his wife died of something or other because he didn’t call the doctor. He told me this himself, once when I got sick. He said, “You sure you had the doctor? You know, I was foolish.”

Well, anyway, he had a child by this wife, and he believed that [his daughter] had no right to get an education, that women don’t need an education. So she secretly went to study to become a nurse. When he found out, he was just furious. But nevertheless, when he married the second time, he married a woman who was a PhD in physics. He had two kids by this second wife, and of course, they had a very good education.

And he—very strange man—he bought a piece of land at the top of a mountain in Lincoln, Massachusetts, and to get up to the house you had to make three hairpin turns up the road to the house. The mailbox was at the bottom of the road, of course; the groceries that were delivered—anything was down there. He had a Jeep, and that was the only way he could get up the mountain. I remember they had a huge garden, he had fruit trees and just any vegetable you could think of, in vast quantities, and he and his wife worked on it very, very hard; they froze stuff, they canned stuff. The only things they bought were flour and milk products, meat, but everything else—she baked her own bread. They were health nuts.



A Mind That Didn’t Grow Old 

Your husband was preoccupied with his health as well, wasn’t he?

Oh, terrible, terrible! Norman was a hypochondriac. He was always complaining about one thing or another. When he was a kid, his mother was very poor, you see, and she took him to the clinic at the Mass General [Hospital], and some intern there said he had rheumatic fever. So he never learned to throw a ball, and for his whole life he never played any sort of sports.

He was a nut about medical things, and he was always interested in following up certain things, so he used to make me go to this medical library along the Fenway—this was the days before Xerox machines and stuff, so I would have to get these articles and make briefs on papers and bring them all back. And boy-oh-boy, it had to be clear, because he was surveying the thing afterward and would ask me many questions about this medical research or report.

He invented a cholesterol-free diet long before it was ever publicized. He was a pain in the neck about his food, so much so that when we were going to dinner, to people’s houses, they would call me up in advance and say, “What will he eat for dinner? Will he eat lobster, or chicken, or beef?” And I would have to tell them, no, he could eat that, but he couldn’t eat this.

I used to make yogurt. This was before you could buy fat-free yogurt: I used to buy fifty-pound vats of skim-milk powder, because then he was sure it was not whole milk, and make the yogurt. The way you do it was get some sort of infusion, a culture, once a month, that came flown in from California, and make the yogurt in sterilized bottles, put them in the oven between 105 and 115 degrees—this was an electric oven; you couldn’t do this with a gas oven—and after two hours it would thicken up, you’d take it out and refrigerate it, and that would be a week’s supply. And then for the next week, take part of the last bottle, this was part of the infusion still, and repeat the process, and this went on all month until the infusion was too weak, and you’d get a new thing flown in. So I had all this nonsense about food.

A Beautiful Mind said your husband suffered “wide mood swings, long manic periods of intense creative activity followed by months, sometimes years, of depression in which nothing interested him.”28

Yes, yes. When he would get depressed he wouldn’t do mathematics. That’s right. He could still give his lectures; he knew mathematics, he knew the faculty. These things had nothing to do with being high or low. Those were intermediate things. The highs or lows had to do with mathematics, but not human relations, family relations, stuff like that, you see. He loved his children, he loved his family, but he wasn’t interested in doing mathematics. And this bothered him, because this was the milk that mothers live on, for him. It would last a long time. But he would come out of it.

He tried to contain it a lot. You know, he died of a brain tumor, and for years he had these terrible, terrible headaches, and the only thing I knew about the headaches is that he would eat up bottle after bottle after bottle of aspirin.

He was an Institute Professor towards the end. I remember at his memorial service, there were tremendous tributes to him. This was not fake stuff, the usual baloney, but heartfelt stuff from people who valued his assistance, valued his mental ability. Many young mathematicians dry up soon, and they’re no longer creative. Thirty was a dirty word. John Nash always felt this way, and got very nervous as he approached thirty. But my husband was very lucky in this regard: he wrote his most brilliant work on the Riemann zeta function when he was in his sixties, shortly before he died. He was very disciplined and very bright, and his mind didn’t go old in mathematics.

~ January 18, 2005
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1 Nohel, J. A. & Sattinger, D. H. (Eds.). (1998). Selected papers of Norman Levinson (2 Vols.). Boston: Birkhäuser.
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Isadore M. Singer


Beginnings

J.S.: How did you first get into math?

I.M.S.: I was interested in science when I was in high school and won a scholarship to the University of Michigan. Freshman year at Michigan was not very challenging, disappointing and routine, until, in calculus, our instructor explained how Newton derived the elliptic orbits of planets from his inverse-square law. I felt something special had happened, something intellectual and wonderful. I was at the right place! I still feel this way and tell many laymen, “Just think how remarkable the human mind is; you can scribble on a sheet of paper and compute the orbits of planets!” It’s incredible, really—awesome is the right word. I was thrilled by that derivation; it reinforced my decision to go into science.

I entered the University of Michigan in September 1941, just before the Second World War began for the United States. I majored in physics and got my degree in January 1944 before entering the Signal Corps.

Two physics courses were especially interesting, but also puzzling— quantum mechanics and relativity. Though I could do the problems, I felt that I didn’t really understand these subjects. I wanted to take some math books with me in the army that would give me a better background. Luckily, the University of Chicago had two correspondence courses that suited me— one in differential geometry and one in algebra—which I completed when I was stationed in the Philippines.

And you did your graduate work at Chicago.

Yes. The textbooks [from the correspondence courses] were both from the University of Chicago, so I thought it a good idea to go to the University of Chicago. I applied to the math department, telling them I wanted to spend a year learning more mathematics and then go back to physics. Later, Paul Halmos, a professor there, told me they almost didn’t take me because of that sentence! [Laughs.] Paul was very kind to graduate students, particularly to me. It wasn’t long before we became close friends.
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Is Singer lecturing.


Luckily they did admit me, and in the first year I sat in on some physics courses, particularly quantum mechanics. Again I found the course unsatisfactory from my point of view, which by then meant a mathematical point of view. On the other hand, the math courses were very beautiful, and I was much taken by them. So I didn’t move into physics; I decided to continue as a math grad student in Chicago, where I got my degree.1 

Can you give a sense of what you mean when you say the math was very beautiful?

Yes. [Pause.] That’s a very good question, and it is difficult to answer. To some extent, it is like explaining why music is beautiful to someone who is hard of hearing.

Mathematics has a logical structure to it, a coherence to it, that I find very appealing. That’s what I mean by “beautiful.” To be more specific: in Galois theory, for example, groups—symmetry groups—allow you to answer questions you wouldn’t be able to otherwise. Group symmetry is an example of elegance in physics as well as mathematics. By the way, Newton’s inverse-square law can be derived from symmetry considerations.
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At Chicago, you did your PhD with Irving Segal, who later joined the faculty at MIT.2 What was he like to work with, and what were the important things you learned from him?

He was a first-class analyst, interested in differential equations and physics. He taught us functional analysis. He was a terrible lecturer, but a wonderful teacher in this respect: he was always doing advanced stuff, which we students loved; but he would get stuck halfway through his lecture. He would spend the rest of the lecture trying to complete a proof. I would go home and try and figure out how to get unstuck, and I would come to class very interested in what Segal would do. Either I had solved the problem, and I could compare my solution to his; or I couldn’t solve the problem, and I would see what he did. The way he ran the course made it good training to be a research mathematician. I learned a great deal.

The other nice thing about Segal was that he was always available, even at midnight. His door was always open; you could always walk in and talk.

And working with him one-on-one, as you later did? How did his abilities or tendencies translate into a closer relationship?

I didn’t work with him one-on-one; I wrote a dissertation under him. I would just come in, show him what I could do, and sometimes where I was stuck. His door being open was a general invitation to talk about mathematics.



Building a Great Department

I gather that Chicago was the preeminent math department in its early years. It got a lot of funding, and it was never regarded as a service department: all the faculty were expected to do research. Then things kind of stagnated for a while, but Marshall Stone was in the process of rebuilding the department when you were there. Is it possible to compare the atmosphere and how things were done at Chicago and MIT? How do you build a great department?

There was a real difference, and that gives me an opportunity to talk about our department. Marshall Stone managed to induce some of the best mathematicians in the world to come to Chicago: for example, Andre Weil, Saunders Mac Lane, and S. S. Chern. Some younger members in the department were Paul Halmos and Ed Spanier. All of them were at the forefront of their research fields.

Undergraduate teaching was separate. I think it still is. Chicago was a graduate department with its focus on research. Faculty taught the basic grad courses in order to bring students to the cutting edge of research; they also gave courses in their own fields. We graduate students thrived in that exciting environment.

MIT is different. I first came here in 1950, as a Moore Instructor. Ted Martin was chairman, and he, Norman Levinson, and MIT had the aim of building mathematics into a first-rate department. They succeeded. The structure of our department is different than Chicago in that we have the serious responsibility of teaching mathematics to undergraduates whose interests are largely science and technology. In fact, I think the MIT math department is unique; it carries out its teaching obligations with real aplomb and enthusiasm and at the same time is ranked first in the country for research.3 

How that came about is very interesting. Ted persuaded the university to have special instructors called Moore Instructors. They were originally sponsored by either the Air Force or Office of Naval Research, “sponsored” meaning that instructors didn’t have full-time teaching. We taught half or two-thirds time; the rest of our time was devoted to research.

The Instructorship program started in 1948. Felix Browder and F. I. Mautner were the first two instructors; Earl Coddington and Tom Apostol came in 1949. I began in 1950 and John Nash in 1951. The programs expanded with time. In 2006 we expect twenty-six Moore instructors.4 

Over the years, the department has always succeeded in recruiting new PhDs excited about research. These bright young people stay two or three years and help with teaching. They participate in seminars, sometimes running seminars. Permanent faculty are mentors, but also learn a great deal from them. For the most part, instructors come from major universities, with different skills and different points of view. Their presence has created remarkable esprit de corps here.

The math department celebrated the fiftieth anniversary of the Instructorship program in 2000. We invited all former instructors, and many came; it was a very special occasion. When you looked around, you saw major prize winners, former presidents of the American Math Society, and senior mathematicians from around the world. They got their basic post-graduate mentorship here. The instructorship program impacted not only MIT but also the world-wide mathematical community. Wherever I go, someone will remind me of their happy days at MIT as an instructor.

I might add that one of the most important people in our department is Arthur Mattuck. He is a gifted and witty lecturer. For decades students have enjoyed learning calculus from Arthur. In the early 1960s, he took over the calculus program, making one large lecture section with accompanying recitations, revising it from time to time to fit the needs of students in other departments. I was a recitation teacher at the time of the changeover. Since we TAs no longer had anything to do with quizzes or the final exam, it made for a more cooperative effort in learning between student and instructor. A year earlier students felt I was someone who was judging them. That was no longer true; I was there to help them.

Another example of the department’s focus on undergraduates is Mike Artin, a world-class algebraist and former president of the American Math Society, who was in charge of the undergraduate math program for seven years.

What brought you to MIT in particular? Why not stay in Chicago, for example?

When I got my degree, I could have gone to the Institute for Advanced Study and been von Neumann’s assistant. But I had family, and the MIT salary was $500 more a year. Salaries were very low at the time. The difference of $500 meant a lot to us.

What was MIT like when you got here? What were your first impressions?

I’ll repeat what I have described elsewhere. My first day at MIT was in early July 1950. We had to teach summer school then. I was staying in Back Bay and walked across the bridge to Building Two and the chairman’s office. Ruth Goodwin was the only secretary; I introduced myself to her. A guy sitting opposite her reading the Globe lowered his paper and said, “Singer, I’m Ambrose. There is a seminar in Lie groups in five minutes. Let’s go.”

I said, “But—but I have to meet Professor Martin.”

He said, “Oh, that can wait. Do that later! Let’s go to the seminar.”
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We went to the seminar. George Whitehead, Barrett O’Neill, and John Moore, among others, were there. After the seminar, Ambrose took me back to Martin’s office and said, “We meet for coffee at midnight at Hayes-Bickford. I’ll pick you up at 11:30?”

That night we went to Hayes-Bickford, a dismal cafeteria in downtown Boston. There I found the seminar plus Kay Whitehead, George’s wife. We talked a lot. And then Ambrose said, “Let’s go!” We spent an hour driving around, as Ambrose introduced me to Boston and Cambridge at night. By the time he dropped me off at two in the morning, I felt that MIT was my new home and that Ambrose and I were close friends.

My strongest impression of the department in the 1950s was the enormous number of seminars, as we absorbed as rapidly as we could the remarkable developments that were taking place in mathematics. In topology, coho-mology theory was codified. Sheaf theory and spectral sequences needed to be absorbed. George Whitehead explained all this to us. George was very special. He had great geometric insight that guided us through the weighty algebra in cohomology and homotopy theory. I’m delighted but not surprised that we now have one of the best topology groups in the country.

Seminars in Lie groups, like the one I attended my first day, incorporated the global view of Lie groups. Representation theory under Gelfand and his school was just beginning, followed by the seminal work of Harish-Chandra. Bert Kostant was instrumental in making MIT a center of groups and their representations.

The most exciting developments for me were in differential geometry. S. S. Chern had come to the University of Chicago in 1949 and given a course in differential geometry. His exposition emphasized E. Cartan’s work, the frame bundle point of view and differential forms. He also explained his remarkable global results: what are now known as the Chern-Gauss-Bonnet theorem and Chern classes.

As a graduate student I had listened to Chern and taken notes. At MIT, at Ambrose’s urging, I explained what Chern said. Ambrose and I struggled to make Chern’s viewpoint available to other mathematicians. I think we and our students succeeded in that.

We reorganized the geometry curriculum and courses in analysis that were needed for it. We had many enthusiastic students who wrote excellent textbooks based on Ambrose’s and my lectures. So MIT became one of the first centers of differential geometry in the United States and this continues to be one of our strengths.

Our first seminar in analysis was on the Hodge theorem and the Weyl lemma, based on the Princeton Kodaira-Spencer notes. It’s amazing how many first-rate analysts spent some time at MIT. I’m afraid to list them because I’m sure I’ll forget one or two. But I will always remember the day

I met Alberto Calderón in the hall. He said, “We’ve just shown that singular integral operators are invariant under coordinate change,” meaning the remarkable thesis of Bob Seeley.5 I replied, “Manifold theory will never be the same.”

Indeed, that turned out to be the case: singular integral operators became a tool in the study of the geometry and topology of manifolds. I didn’t know it at the time, but in 1963, using Seeley’s work, Atiyah and I extended the index theorem for geometric operators to general elliptic pseudodifferential operators.

I want to emphasize Ambrose’s role. He and I worked together and were very close friends; but he was the one who supplied the energy for so many of our activities: having seminars, carrying them out, changing courses. I provided a lot of support, but Ambrose was the leader in bringing modern mathematics to the pure mathematics department.

What other figures stand out?

Norbert Wiener, of course. All the books about him bear out that he was quite a character. He was hard to talk to mathematically, because he was always telling you what he was doing and wouldn’t listen at all to what you were doing. But he was an enormous influence on MIT. He had an evening seminar for a while in which he talked about communications, computers, cybernetics. Jerry Wiesner and Walter Rosenblith were among the participants and were much taken by Norbert’s vision. Jerry was head of the RLE Lab at that time and later became dean, provost, and president of MIT.6 Walter ultimately became provost.7 
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Wiener’s view of the role of electrical engineering was pervasive. Electrical engineering changed somewhere in the forties and fifties, from the focus on power to a focus on communication. Now the department is called Electrical Engineering and Computer Science. I have always found that our administration has a great deal of respect for core mathematics. I think that goes back to Wiener’s insight and foresight.8 

Norman Levinson also stands out. He was a world-famous analyst whom the administration listened to when he described the needs of the department. As chair, he ensured that pure and applied mathematics remained one department by giving each considerable autonomy.



The Index Theorem

Your most influential and wide-ranging work has been on the index theorem and its developments with Michael Atiyah, for which you recently received the Abel Prize.9 How did you come to work together?

I was on sabbatical leave, academic year 1961–1962. I called Michael, whom I had gotten to know in 1955 at the Institute for Advanced Study, and asked whether there was room for me at Oxford for the second semester. He simply said, “Come.”

I arrived in January 1962. Michael came up to my little office when I was unpacking the next day to check on how I was doing. Then he asked me, “Why is the A-roof genus an integer for a spin manifold?”

I replied, “Michael, you know the proof. Why are you asking me this question?” He simply said, “There is a deeper reason.”

When you said to him, “Why are you asking me a question that you know the answer to,” what did you mean by that?

I was puzzled. Why is someone so well versed in topology asking me this question? I was really asking, “What’s motivating you? Why is the proof unsatisfactory to you?”

And when he said, “there’s a deeper reason,” how do you understand that?

What Michael had in mind are what are now known as integrality theorems, explaining why certain integrals are integers. Examples are Hirzebruch’s signature theorem, Hirzebruch’s generalization of the Riemann-Roch theorem to all algebraic manifolds, and the Atiyah-Hirzebruch formula for what turned out to be the index of a spin-C Dirac operator.
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Our exchange took place in January. I was working on a manuscript with Shlomo Sternberg on the infinite groups of Élie Cartan.10 But as I sat on the benches in the gardens of Oxford, I couldn’t help thinking about Michael’s question. In March I thought I had the answer. Surprisingly, it involved analysis and the generalization of the Dirac operator to Riemannian spin manifolds.

I explained to Michael what I thought was going on and how most of the known integrality theorems fit together using the Dirac operator. It was not hard to conjecture the index formula; we obtained the proof of the index theorem in September.

The popular explanation for the original index theorem is that it tells you how many solutions there are to a differential equation. From a lay person’s point of view, that seems a little like having a car mechanic tell you that there is a solution to why your car won’t start and then leaving. Besides giving you hope, what is the value to knowing the existence of  solutions without knowing what they are?

For a differential equation, one wants to have a unique solution. Index theory was stimulated by the Fredholm alternative: if the index is zero, then existence implies uniqueness and uniqueness implies existence. That observation is important, for it is usually much easier to prove uniqueness than existence; when the index is zero, existence comes free of charge. Knowing that a unique solution exists gives a great impetus to finding it. But that doesn’t always help.

To answer your question more broadly, pure mathematics isn’t immediately practical but often gives insight into problems others work on. Over the years, people in different fields have come to my office and asked my advice on a problem. I usually can’t solve it, but I often suggest a different approach or a book that would provide some needed background. Many leave disappointed, but later I learn I’ve put some on the right track.

Every important theory has a certain trajectory in time, in terms of its effect. Sometimes it’s sort of a sleeper and lies around for a while, but this one seemed to explode onto the scene. Yet evidently the full import of the theory took a while to unfold. The Daily Telegraph apparently quoted Michael Atiyah as saying, “The index theory is a Trojan Horse that mathematicians have used to get into physics, and vice-versa. When we first did it, we had no inkling that this would follow.” 11 It has been more than forty years now. Can you plot the ripples, the mathematical and scientific effects, over that time?

The original index theorem expressed the index, an analytic object in geometric and topological terms. The theorem brought some parts of analysis, geometry, and topology closer together in a new way. That’s why it was instantly famous.

In the late sixties, with the help of Graeme Segal, we extended the index theorem from one operator to a family of them. We also allowed for symmetries in the geometry.

In the mid-seventies, with Patodi, we extended the index theorem to manifolds with boundary. To do so, we introduced an important new invariant, the eta invariant.

In the late seventies, with the discovery of instantons, self-dual gauge fields, index theory became important in physics. It counted the number of instantons, and it provided a formula for the axial anomaly. It even clarified a problem in physics, the ’t Hooft problem. Physicists observed eight light particles of a certain kind, but their theory predicted nine. The index theorem explained why the ninth was not light.

In 1984 Atiyah and I wrote our last paper together to date, applying the general index theorem to the problem of chiral anomalies in string theory and gauge theories.12 That application turned out to be very important, so much so that young physicists are now experts in index theory and K-theory.

Index theory has been robust over a forty-year period—very impressive, and, of course, gratifying.

Was the work that emerged from the index theorem weighted more heavily toward the analytical side or toward the algebraic geometry or topology side?

I think both subjects were stimulated by the index theorem. On the analytic side, pseudodifferential operators became an integral part of operator theory; some work we did later, the mod 2 index and real K-theory, illuminated parts of topology. K-theory in operator algebras and noncommutative geometry were both influenced by the index theorem.

Is it possible to foresee new ways in which the index theorem is going to be used in the future?

I wouldn’t hazard a guess on future uses. New things are happening. For example, in the string theory explanation of black holes, the index theorem is used to compute entropy.



The Washington Period

You have been prominent in representing the importance and interests of mathematicians and of science as a whole in Washington. Can you describe some of your activity? What strategies did you use in representing math and science to lawmakers trained in neither?

My first experience in Washington was service on the David Committee, which explained the needs of mathematics to our representatives in D.C.13  Ken Hoffman, who had recently finished as the MIT math chair and was on leave in D.C. to play a role in the national mathematics scene, organized the committee and persuaded Ed David to serve as chairman.14 We wrote a report, the David Report, which demonstrated the need for a fellowship program at the postdoctoral level and more funds for graduate students. Ed taught us that writing the report was just the first step. The next step was to visit key administrators and explain the importance of our recommendations. We met with the Director of the National Science Foundation and the Science Advisor to the President, and our report was effective in getting more resources for mathematics.

From 1982 to 1988 I served on the White House Science Council in the Reagan administration. We gave broad advice on matters of science to the president’s science advisor, Jay Keyworth.

Later I served on the Council of the National Academy of Sciences and was chairman of its Committee on Science, Engineering, and Public Policy (COSEPUP). We supported the Academy’s efforts to represent the science community and explain the needs of science and engineering to our elected representatives in Washington.

But again, how does one advocate on behalf of mathematics or science to a lay audience? Does one point to significant public benefits? “We wouldn’t have space travel and heart transplants if it weren’t for….”?

Rarely does a direct appeal to Congress for support of a specific scientific effort work. Our role was to help the president of the National Academy of Sciences represent science in Washington. What fields should he/she emphasize? What projects should be singled out?

Occasionally we appeared before a congressional committee or spoke with the head of the National Science Foundation, or talked with people who make up the science budget.

You served on a committee on strengthening the linkages between the sciences and mathematics for the National Academy of Sciences. The committee’s report said, “It is particularly important to develop effective criteria for the evaluation of cross-disciplinary research,”15 to make sure that the promotion and tenure, the reward mechanisms, are there. How is MIT doing, do you think, in promoting, evaluating, and rewarding research across disciplines?

It is a difficult problem. I think that cross-disciplinary research is very exciting these days. MIT is doing a good job in encouraging students to combine biology and engineering. If I were starting my career now, I would choose theoretical biology; biology is replete with interesting mathematical problems. But I don’t know of any effective criteria for the evaluation of cross-disciplinary research. There is no substitute for shrewd, unbiased judgment.

Did your service at the national level give you a different perspective, and how did you bring that back to MIT? You’re an Institute Professor, so I gather you’re consulted somewhat on the running of MIT. You were on the committee to choose the next MIT president, for example.

I do have a different perspective. At the National Academy and on the White House Science Council, I met brilliant people in different fields, with different insights about the problems we were confronting. I learned a great deal from them. It broadened my entire view about science and academia.

In fact, when I became chairman of COSEPUP, I went to see Jerry Wiesner, then MIT’s president. I said, “Jerry, I’ve just gotten involved in mathematical physics; I want to teach the subject differently—outside the constraints of the math department.”

He replied, “Whatever you want, that’s okay with me, Is.”

And then he said, “By the way, Is, I understand you are chairman of COSEPUP.
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