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It was not made for those who sell oil or sardines…
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PREFACE

POINT SOURCE SOLUTION

I am thinking about something much more important than bombs. I am thinking about computers.

—John von Neumann, 1946

There are two kinds of creation myths: those where life arises out of the mud, and those where life falls from the sky. In this creation myth, computers arose from the mud, and code fell from the sky.

In late 1945, at the Institute for Advanced Study in Princeton, New Jersey, Hungarian American mathematician John von Neumann gathered a small group of engineers to begin designing, building, and programming an electronic digital computer, with five kilobytes of storage, whose attention could be switched in 24 microseconds from one memory location to the next. The entire digital universe can be traced directly to this 32-by-32-by-40-bit nucleus: less memory than is allocated to displaying a single icon on a computer screen today.

Von Neumann’s project was the physical realization of Alan Turing’s Universal Machine, a theoretical construct invented in 1936. It was not the first computer. It was not even the second or third computer. It was, however, among the first computers to make full use of a high-speed random-access storage matrix, and became the machine whose coding was most widely replicated and whose logical architecture was most widely reproduced. The stored-program computer, as conceived by Alan Turing and delivered by John von Neumann, broke the distinction between numbers that mean things and numbers that do things. Our universe would never be the same.

Working outside the bounds of industry, breaking the rules of academia, and relying largely on the U.S. government for support, a dozen engineers in their twenties and thirties designed and built von Neumann’s computer for less than $1 million in under five years. “He was in the right place at the right time with the right connections with the right idea,” remembers Willis Ware, fourth to be hired to join the engineering team, “setting aside the hassle that will probably never be resolved as to whose ideas they really were.”1

As World War II drew to a close, the scientists who had built the atomic bomb at Los Alamos wondered, “What’s next?” Some, including Richard Feynman, vowed never to have anything to do with nuclear weapons or military secrecy again. Others, including Edward Teller and John von Neumann, were eager to develop more advanced nuclear weapons, especially the “Super,” or hydrogen bomb. Just before dawn on the morning of July 16, 1945, the New Mexico desert was illuminated by an explosion “brighter than a thousand suns.” Eight and a half years later, an explosion one thousand times more powerful illuminated the skies over Bikini Atoll. The race to build the hydrogen bomb was accelerated by von Neumann’s desire to build a computer, and the push to build von Neumann’s computer was accelerated by the race to build a hydrogen bomb.

Computers were essential to the initiation of nuclear explosions, and to understanding what happens next. In “Point Source Solution,” a 1947 Los Alamos report on the shock waves produced by nuclear explosions, von Neumann explained that “for very violent explosions … it may be justified to treat the original, central, high pressure area as a point.”2 This approximated the physical reality of a nuclear explosion closely enough to enable some of the first useful predictions of weapons effects.

Numerical simulation of chain reactions within computers initiated a chain reaction among computers, with machines and codes proliferating as explosively as the phenomena they were designed to help us understand. It is no coincidence that the most destructive and the most constructive of human inventions appeared at exactly the same time. Only the collective intelligence of computers could save us from the destructive powers of the weapons they had allowed us to invent.

Turing’s model of universal computation was one-dimensional: a string of symbols encoded on a tape. Von Neumann’s implementation of Turing’s model was two-dimensional: the address matrix underlying all computers in use today. The landscape is now three-dimensional, yet the entire Internet can still be viewed as a common tape shared by a multitude of Turing’s Universal Machines.

Where does time fit in? Time in the digital universe and time in our universe are governed by entirely different clocks. In our universe, time is a continuum. In a digital universe, time (T) is a countable number of discrete, sequential steps. A digital universe is bounded at the beginning, when T = 0, and at the end, if T comes to a stop. Even in a perfectly deterministic universe, there is no consistent method to predict the ending in advance. To an observer in our universe, the digital universe appears to be speeding up. To an observer in the digital universe, our universe appears to be slowing down.

Universal codes and universal machines, introduced by Alan Turing in his “On Computable Numbers, with an Application to the Entscheidungsproblem” of 1936, have prospered to such an extent that Turing’s underlying interest in the “decision problem” is easily overlooked. In answering the Entscheidungsproblem, Turing proved that there is no systematic way to tell, by looking at a code, what that code will do. That’s what makes the digital universe so interesting, and that’s what brings us here.

It is impossible to predict where the digital universe is going, but it is possible to understand how it began. The origin of the first fully electronic random-access storage matrix, and the propagation of the codes that it engendered, is as close to a point source as any approximation can get.
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IN THE BEGINNING WAS THE COMMAND LINE

Intuition of truth may not Relish soe much as Truth that is hunted downe.

—Sir Robert Southwell to William Petty, 1687

In 1956, at the age of three, I was walking home with my father, physicist Freeman Dyson, from his office at the Institute for Advanced Study in Princeton, New Jersey, when I found a broken fan belt lying in the road. I asked my father what it was. “It’s a piece of the sun,” he said.

My father was a field theorist, and protégé of Hans Bethe, former wartime leader of the Theoretical Division at Los Alamos, who, when accepting his Nobel Prize for discovering the carbon cycle that fuels the stars, explained that “stars have a life cycle much like animals. They get born, they grow, they go through a definite internal development, and finally they die, to give back the material of which they are made so that new stars may live.”1 To an engineer, fan belts exist between the crankshaft and the water pump. To a physicist, fan belts exist, briefly, in the intervals between stars.

At the Institute for Advanced Study, more people worked on quantum mechanics than on their own cars. There was one notable exception: Julian Bigelow, who arrived at the Institute, in 1946, as John von Neumann’s chief engineer. Bigelow, who was fluent in physics, mathematics, and electronics, was also a mechanic who could explain, even to a three-year-old, how a fan belt works, why it broke, and whether it came from a Ford or a Chevrolet.

A child of the Depression, Bigelow never threw anything away. The Institute for Advanced Study, occupying the site of the former Olden Farm, owned a large, empty barn, where surplus parts and equipment from the construction of von Neumann’s computer were stored amid bales of hay, spring-tooth harrows, and other remnants of the farm’s working life. I was one of a small band of eight- to ten-year-olds who spent our free time exploring the Institute Woods, and occasionally visited the barn. A few beams of sunlight perforated the roof through dust raised by pigeons that fluttered away from us overhead.

Julian’s cache of war surplus electronics had already been scavenged for needed parts. We had no idea what most of it was—but that did not stop us from dismantling anything that would come apart. We knew that Julian Bigelow had built a computer, housed in a building off-limits to children, just as we knew that Robert Oppenheimer, who lived in the manor house belonging to the barn, had built an atomic bomb. On our expeditions into the woods, we ignored birds and mammals, hunting for frogs and turtles that we could capture with our bare hands. It was still the age of reptiles to us. The dinosaurs of computing, in contrast, were warm-blooded, but the relays and vacuum tubes we extracted from their remains had already given up their vital warmth.

I was left with an inextinguishable curiosity over the relics that had been abandoned in the barn. “Institutes like nations are perhaps happiest if they have no history,” declared Abraham Flexner, the founding director of the Institute for Advanced Study, in 1936. It was thanks to this policy of Dr. Flexner’s, maintained by his successors, including Oppenheimer, regarding the history of the Institute in general, and the history of the Electronic Computer Project in particular, that much of the documentary material behind this book lay secreted for so many years. “I am reasonably confident that there is nothing here that would interest him,” Carl Kaysen, Oppenheimer’s successor, noted in response to an inquiry, in 1968, about records concerning the von Neumann computer project from a professor of electrical engineering at MIT.2

Thanks to former director Phillip Griffiths, with support from trustees Charles Simonyi and Marina von Neumann Whitman, I was invited to spend the 2002–2003 academic year as Director’s Visitor at the Institute for Advanced Study, and granted access to files that in some cases had not seen the light of day since 1946. Historical Studies–Social Science Librarian Marcia Tucker and Archivist Lisa Coats began working to preserve and organize the surviving records of the Electronic Computer Project, and Kimberly Jacobsen transcribed thousands of pages of documents that are only sparsely sampled here. Through the efforts of current director Peter Goddard, and a gift from Shelby White and the Leon Levy Foundation, a permanent Archives Center has now been established at the IAS. Archivists Christine Di Bella, Erica Mosner, and all the staff at the Institute, especially Linda Cooper, helped in every capacity, and the current trustees, especially Jeffrey Bezos, have lent continuing encouragement and support.

Many of the surviving eyewitnesses—including Alice Bigelow, Julian Bigelow, Andrew and Kathleen Booth, Raoul Bott, Martin and Virginia Davis, Akrevoe Kondopria Emmanouilides, Gerald and Thelma Estrin, Benoît Mandelbrot, Harris Mayer, Jack Rosenberg, Atle Selberg, Joseph and Margaret Smagorinsky, Françoise Ulam, Nicholas Vonneumann, Willis Ware, and Marina von Neumann Whitman—took time to speak with me. “You’re within about five years of not having a testifiable witness,” Joseph Smagorinsky warned me in 2004.

In 2003 the Bigelow family allowed me to go through the boxes of papers that Julian had saved. In one box, amid Office of Naval Research technical reports, World War II vacuum tube specification sheets, Bureau of Standards newsletters, and even a maintenance manual for the ENIAC, stamped RESTRICTED, was a sheet of lined paper that had evidently been crumpled up and thrown away, then uncrumpled and saved. It had been turned sideways, and had one line of handwriting across the top of the page, as follows:

Orders: Let a word (40bd) be 2 orders, each order = C(A) = Command (1–10, 21–30) • Address (11–20, 31–40)

The use of bd for binary digit dates this piece of paper from the beginning of the von Neumann project, before the abbreviation of binary digit to bit.

“In the beginning,” according to Neal Stephenson, “was the command line.” Thanks to Neal, and many other supporters, especially those individuals and institutions who allowed me into their basements, I spent an inordinate amount of time, over the past eight years, immersed in the layers of documents that were deposited when the digital universe was taking form. From Alex Magoun at RCA to Willis Ware at RAND, and many other keepers of institutional memory in between—including the Annals of the History of Computing and the Charles Babbage Institute’s oral history collection—I am indebted to those who saved records that otherwise might not have been preserved. To a long list of historians and biographers—including William Aspray, Armand Borel, Alice Burks, Flo Conway, Jack Copeland, James Cortada, Martin Davis, Peter Galison, David Alan Grier, Rolf Herken, Andrew Hodges, Norman Macrae, Brian Randell, and Jim Siegelman—I owe more than is acknowledged here. All books owe their existence to previous books, but among the antecedents of this one should be singled out (in chronological order) Beatrice Stern’s History of the Institute for Advanced Study, 1930–1950 (1964), Herman Goldstine’s The Computer from Pascal to von Neumann (1972), Nicholas Metropolis’s History of Computing in the Twentieth Century (1980), Andrew Hodges’s Alan Turing: The Enigma (1983), Rolf Herken’s The Universal Turing Machine: A Half-Century Survey (1988), and William Aspray’s John von Neumann and the Origins of Modern Computing (1990).

Julian Bigelow and his colleagues designed and built the new computer in less time than it took me to write this book. I thank Martin Asher, John Brockman, Stefan McGrath, and Katinka Matson for their patience in allowing this. The Bigelow family, the Institute for Advanced Study, Françoise Ulam, and, especially, Marina von Neumann Whitman provided access to the documents that brought this story to life. Gabriella Bollobás translated a large body of correspondence, interpreting not only the nuances of the Hungarian language, but also the emotional and intellectual context of Budapest at that time. Belá Bollobás, Marion Brodhagen, Freeman Dyson, Joseph Felsenstein, Holly Given, David Alan Grier, Danny Hillis, Verena Huber-Dyson, Jennifer Jacquet, Harris Mayer, and Alvy Ray Smith offered comments on early drafts. Akrevoe Kondopria Emmanouilides, who typed and proofread the Institute for Advanced Study Electronic Computer Project’s progress reports as a teenager in 1946, found errors that might otherwise have been missed.

Finally, thanks to those who sponsored the work that forms the subject of this book. “While old men in congresses and parliaments would debate the allocation of a few thousand dollars, farsighted generals and admirals would not hesitate to divert substantial sums to help oddballs in Princeton, Cambridge, and Los Alamos,” observed Nicholas Metropolis, reviewing the development of computers after World War II.3

Early computers were built in many places, leaving fossils that remain well preserved. But what, exactly, once everything else was in place, sparked the chain reaction between address matrix and order codes, spawning the digital universe in which we are all now immersed?

C(A) is all it took.
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ONE

1953

If it’s that easy to create living organisms, why don’t you create a few yourself?

—Nils Aall Barricelli, 1953

AT 10:38 P.M. on March 3, 1953, in a one-story brick building at the end of Olden Lane in Princeton, New Jersey, Italian Norwegian mathematical biologist Nils Aall Barricelli inoculated a 5-kilobyte digital universe with random numbers generated by drawing playing cards from a shuffled deck. “A series of numerical experiments are being made with the aim of verifying the possibility of an evolution similar to that of living organisms taking place in an artificially created universe,” he announced.1

A digital universe—whether 5 kilobytes or the entire Internet—consists of two species of bits: differences in space, and differences in time. Digital computers translate between these two forms of information—structure and sequence—according to definite rules. Bits that are embodied as structure (varying in space, invariant across time) we perceive as memory, and bits that are embodied as sequence (varying in time, invariant across space) we perceive as code. Gates are the intersections where bits span both worlds at the moments of transition from one instant to the next.

The term bit (the contraction, by 40 bits, of “binary digit”) was coined by statistician John W. Tukey shortly after he joined von Neumann’s project in November of 1945. The existence of a fundamental unit of communicable information, representing a single distinction between two alternatives, was defined rigorously by information theorist Claude Shannon in his then-secret Mathematical Theory of Cryptography of 1945, expanded into his Mathematical Theory of Communication of 1948. “Any difference that makes a difference” is how cybernetician Gregory Bateson translated Shannon’s definition into informal terms.2 To a digital computer, the only difference that makes a difference is the difference between a zero and a one.

That two symbols were sufficient for encoding all communication had been established by Francis Bacon in 1623. “The transposition of two Letters by five placeings will be sufficient for 32 Differences [and] by this Art a way is opened, whereby a man may expresse and signifie the intentions of his minde, at any distance of place, by objects … capable of a twofold difference onely,” he wrote, before giving examples of how such binary coding could be conveyed at the speed of paper, the speed of sound, or the speed of light.3

That zero and one were sufficient for logic as well as arithmetic was established by Gottfried Wilhelm Leibniz in 1679, following the lead given by Thomas Hobbes in his Computation, or Logique of 1656. “By Ratiocination, I mean computation,” Hobbes had announced. “Now to compute, is either to collect the sum of many things that are added together, or to know what remains when one thing is taken out of another. Ratiocination, therefore is the same with Addition or Substraction; and if any man adde Multiplication and Division, I will not be against it, seeing … that all Ratiocination is comprehended in these two operations of the minde.”4 The new computer, for all its powers, was nothing more than a very fast adding machine, with a memory of 40,960 bits.

In March of 1953 there were 53 kilobytes of high-speed random-access memory on planet Earth.5 Five kilobytes were at the end of Olden Lane, 32 kilobytes were divided among the eight completed clones of the Institute for Advanced Study’s computer, and 16 kilobytes were unevenly distributed across a half dozen other machines. Data, and the few rudimentary programs that existed, were exchanged at the speed of punched cards and paper tape. Each island in the new archipelago constituted a universe unto itself.

In 1936, logician Alan Turing had formalized the powers (and limitations) of digital computers by giving a precise description of a class of devices (including an obedient human being) that could read, write, remember, and erase marks on an unbounded supply of tape. These “Turing machines” were able to translate, in both directions, between bits embodied as structure (in space) and bits encoded as sequences (in time). Turing then demonstrated the existence of a Universal Computing Machine that, given sufficient time, sufficient tape, and a precise description, could emulate the behavior of any other computing machine. The results are independent of whether the instructions are executed by tennis balls or electrons, and whether the memory is stored in semiconductors or on paper tape. “Being digital should be of more interest than being electronic,” Turing pointed out.6

Von Neumann set out to build a Universal Turing Machine that would operate at electronic speeds. At its core was a 32-by-32-by-40-bit matrix of high-speed random-access memory—the nucleus of all things digital ever since. “Random access” meant that all individual memory locations—collectively constituting the machine’s internal “state of mind”—were equally accessible at any time. “High speed” meant that the memory was accessible at the speed of light, not the speed of sound. It was the removal of this constraint that unleashed the powers of Turing’s otherwise impractical Universal Machine.

Electronic components were widely available in 1945, but digital behavior was the exception to the rule. Images were televised by scanning them into lines, not breaking them into bits. Radar delivered an analog display of echoes returned by the continuous sweep of a microwave beam. Hi-fi systems filled postwar living rooms with the warmth of analog recordings pressed into vinyl without any losses to digital approximation being introduced. Digital technologies—Teletype, Morse code, punched card accounting machines—were perceived as antiquated, low-fidelity, and slow. Analog ruled the world.

The IAS group achieved a fully electronic random-access memory by adapting analog cathode-ray oscilloscope tubes—evacuated glass envelopes about the size and shape of a champagne bottle, but with walls as thin as a champagne flute’s. The wide end of each tube formed a circular screen with a fluorescent internal coating, and at the narrow end was a high-voltage gun emitting a stream of electrons whose aim could be deflected by a two-axis electromagnetic field. The cathode-ray tube (CRT) was a form of analog computer: varying the voltages to the deflection coils varied the path traced by the electron beam. The CRT, especially in its incarnation as an oscilloscope, could be used to add, subtract, multiply, and divide signals—the results being displayed directly as a function of the amplitude of the deflection and its frequency in time. From these analog beginnings, the digital universe took form.

Applying what they had learned in the radar, cryptographic, and antiaircraft fire-control business during the war, von Neumann’s engineers took pulse-coded control of the deflection circuits and partitioned the face of the tube into a 32-by-32 array of numerically addressable locations that could be individually targeted by the electron beam. Because the resulting electric charge lingered on the coated glass surface for a fraction of a second and could be periodically refreshed, each 5-inch-diameter tube could store 1,024 bits of information, with the state of any specified location accessible at any time. The transition from analog to digital had begun.

The IAS computer incorporated forty cathode-ray memory tubes, with memory addresses assigned as if a desk clerk were handing out similar room numbers to forty guests at a time in a forty-floor hotel. Codes proliferated within this universe by taking advantage of the architectural principle that a pair of 5-bit coordinates (25 = 32) uniquely identified one of 1,024 memory locations containing a string (or “word”) of 40 bits. In 24 microseconds, any specified 40-bit string of code could be retrieved. These 40 bits could include not only data (numbers that mean things) but also executable instructions (numbers that do things)—including instructions to modify the existing instructions, or transfer control to another location and follow new instructions from there.

Since a 10-bit order code, combined with 10 bits specifying a memory address, returned a string of 40 bits, the result was a chain reaction analogous to the two-for-one fission of neutrons within the core of an atomic bomb. All hell broke loose as a result. Random-access memory gave the world of machines access to the powers of numbers—and gave the world of numbers access to the powers of machines.

The computer building’s plain concrete-block core had been paid for jointly by the U.S. Army’s Ordnance Department and the U.S. Atomic Energy Commission (AEC). To reconcile the terms of the government contract, specifying a temporary structure, with the sentiments of the neighboring community, the Institute for Advanced Study had paid the additional $9,000 (equivalent to about $100,000 today) to finish the building with a brick veneer.

There were close ties between the IAS and the AEC. J. Robert Oppenheimer was director of the IAS and chairman of the General Advisory Committee of the AEC. Lewis Strauss was chairman of the AEC and president of the IAS Board of Trustees. The freewheeling mix of science and weaponeering that had thrived at Los Alamos during the war had been transplanted to Princeton under the sponsorship of the AEC. “The Army contract provides for general supervision by the Ballistic Research Laboratory of the Army,” it was noted on November 1, 1949, “whereas the AEC provides for supervision by von Neumann.”7 As long as the computer was available for weapons calculations, von Neumann could spend the remaining machine time as he pleased.

In 1953, Robert Oppenheimer and Lewis Strauss—who had engineered Oppenheimer’s appointment as director of the Institute in 1947, and would turn against him in 1954—were still on friendly terms. “There is a case of Chateau Lascombes waiting for you with my compliments at Sherry Wine & Spirits Co., 679 Madison Avenue (near 61st Street),” Strauss informed Oppenheimer on April 10, 1953. “I hope you and Kitty will like it.”8

“We picked up the wine two days ago, and opened a bottle that night,” Oppenheimer replied on April 22. “It was very good; and now Kitty and I can thank you, not merely for your kindness, but for the great pleasure that you have made us.”9 Robert and Kitty had drunk from the poisoned chalice. One year later, the man who had done so much to deliver the powers of atomic energy into the hands of the U.S. government, but had then turned against his masters to oppose the development of the hydrogen bomb, would be stripped of his security clearances after a dramatic hearing before the Atomic Energy Commission’s Personnel Security Board.

While the computer was still under construction, a small team from Los Alamos, led by Nicholas Metropolis and Stanley Frankel, quietly took up residence at the Institute. There were two separate classes of membership at the IAS: permanent members, who were appointed for life by a decision of the faculty as a whole, and visiting members, who were invited by the individual schools, usually for one year or less. Metropolis and Frankel did not belong to either group and mysteriously just showed up. “All I was told was that what Metropolis came out for was to calculate the feasibility of a fusion bomb,” remembers Jack Rosenberg, an engineer who had designed, built, and installed a hi-fi audio system in Albert Einstein’s house for his seventieth birthday in 1949, using some of the computer project’s spare vacuum tubes and other parts. “That’s all I knew. And then I felt dirty. And Einstein said ‘that’s exactly what I thought they were going to use it for.’ He was way ahead.”10

The new machine was christened MANIAC (Mathematical and Numerical Integrator and Computer) and put to its first test, during the summer of 1951, with a thermonuclear calculation that ran for sixty days nonstop. The results were confirmed by two huge explosions in the South Pacific: Ivy Mike, yielding the equivalent of 10.4 million tons of TNT at Enewetak on November 1, 1952, and Castle Bravo, yielding 15 megatons at Bikini on February 28, 1954.

The year 1953 was one of frenzied preparations in between. Of the eleven nuclear tests, yielding a total of 252 kilotons, conducted at the Nevada Test Site in 1953, most were concerned not with trying to make large, spectacular explosions, but with understanding how the effects of more modest nuclear explosions could be tailored to trigger a thermonuclear reaction resulting in a deliverable hydrogen bomb.

Ivy Mike, fueled by 82 tons of liquid deuterium, cooled to minus 250 degrees in a tank the size of a railroad car, demonstrated a proof of principle, whereas Castle Bravo, fueled by solid lithium deuteride, represented a deployable weapon that could be delivered, in hours, by a B-52. It was von Neumann, in early 1953, who pointed out to the air force that rockets were getting larger, while hydrogen bombs were getting smaller. Delivery in minutes would be next.

The Americans had smaller bombs, but the Russians had larger rockets. Plotting the increasing size of rockets against the decreasing size of warheads, von Neumann showed that the intersection resulting in an intercontinental ballistic missile—a possibility he referred to as “nuclear weapons in their expected most vicious form”—might occur in the Soviet Union first.11 The air force, pushed by Trevor Gardner and Bernard Schriever, formed a Strategic Missiles Evaluation Committee chaired by von Neumann, and the Atlas ICBM program, which had been limping along since 1946, was off the ground. The year 1953 was the first one in which more than $1 million was spent on guided missile development by the United States. “Guided” did not imply the precision we take for granted now. “Once it was launched, all that we would know is what city it was going to hit,” von Neumann answered the vice president in 1955.12

Numerical simulations were essential to the design of weapons that were, as Oppenheimer put it, “singularly proof against any form of experimental approach.” When Nils Barricelli arrived in Princeton in 1953, one large thermonuclear calculation had just been completed, and another was in the works. The computer was usually turned over to the Los Alamos group, led by Foster and Cerda Evans, overnight. It was agreed, on March 20, that “during the running of the Evans problem there would be no objection to using some time on Saturday and Sunday instead of operating from midnight to 8:00 a.m.”13 Barricelli had to squeeze his numerical universe into existence between bomb calculations, taking whatever late-night and early-morning hours were left.

During the night of March 3, 1953, as Barricelli’s numerical organisms were released into the computational wilderness for the first time, Joseph Stalin was sinking into a coma in Moscow, following a stroke. He died two days later—five months short of witnessing the first Soviet hydrogen bomb test at Semipalatinsk. No one knew who or what would follow Stalin, but Lavrentiy Beria, director of the NKVD secret police and supervisor of the Soviet nuclear weapons program, was the heir apparent, and the U.S. Atomic Energy Commission made it their business to fear the worst. After Barricelli’s “Symbiosis Problem” ran without misadventure overnight, the machine log notes “over to blast wave” on the morning of March 4. Later in the day the log simply reads “over to” followed by a pencil sketch of a mushroom cloud.

Three technological revolutions dawned in 1953: thermonuclear weapons, stored-program computers, and the elucidation of how life stores its own instructions as strings of DNA. On April 2, James Watson and Francis Crick submitted “A Structure for Deoxyribose Nucleic Acid” to Nature, noting that the double helical structure “suggests a possible copying mechanism for the genetic material.” They hinted at the two-bits-per-base-pair coding whereby living cells read, write, store, and replicate genetic information as sequences of nucleotides we identify as A, T, G, and C. “If an adenine forms one member of a pair, on either chain, then on these assumptions the other member must be thymine; similarly for guanine and cytosine,” they explained. “If only specific pairs of bases can be formed, it follows that if the sequence of bases on one chain is given, then the sequence on the other chain is automatically determined.”14

The mechanism of translation between sequence and structure in biology and the mechanism of translation between sequence and structure in technology were set on a collision course. Biological organisms had learned to survive in a noisy, analog environment by repeating themselves, once a generation, through a digital, error-correcting phase, the same way repeater stations are used to convey intelligible messages over submarine cables where noise is being introduced. The transition from digital once a generation to digital all the time began in 1953.

The race was on to begin decoding living processes from the top down. And with the seeding of an empty digital universe with self-modifying instructions, we took the first steps toward the encoding of living processes from the bottom up. “Just because the special conditions prevailing on this earth seem to favor the forms of life which are based on organo-chemical compounds, this is no proof that it is not possible to build up other forms of life on an entirely different basis,” Barricelli explained.15 The new computer was assigned two problems: how to destroy life as we know it, and how to create life of unknown forms.

What began as an isolated 5-kilobyte matrix is now expanding by over two trillion transistors per second (a measure of the growth in processing and memory) and five trillion bits of storage capacity per second (a measure of the growth in code).16 Yet we still face the same questions that were asked in 1953. Turing’s question was what it would take for machines to begin to think. Von Neumann’s question was what it would take for machines to begin to reproduce.

When the Institute for Advanced Study agreed, against all objections, to allow von Neumann and his group to build a computer, the concern was that the refuge of the mathematicians would be disturbed by the presence of engineers. No one imagined the extent to which, on the contrary, the symbolic logic that had been the preserve of the mathematicians would unleash the powers of coded sequences upon the world. “In those days we were all so busy doing what we were doing we didn’t think very much about this enormous explosion that might happen,” says Willis Ware.

Was the explosion an accident or deliberately set? “The military wanted computers,” explains Harris Mayer, the Los Alamos physicist who was working with both John von Neumann and Edward Teller at the time. “The military had the need and they had the money but they didn’t have the genius. And Johnny von Neumann was the genius. As soon as he recognized that we needed a computer to do the calculations for the H-bomb, I think Johnny had all of this in his mind.”17


TWO

Olden Farm

It was the Lenni Lenape! It was the tribes of the Lenni Lenape! The sun rose from water that was salt, and set in water that was sweet, and never hid himself from their eyes.… It was but yesterday that the children of the Lenape were masters of the world.

—James Fenimore Cooper, 1826

PRINCETON, NEW JERSEY, in summer has been described as “like the inside of a dog’s mouth.” The area’s original inhabitants, the Lenni Lenape (“original people” or “Men of Men”) abandoned the interior of New Jersey in summer and headed either to the Jersey Shore or to encampments on the estuaries of Delaware Bay. “From thence [June] to this present Month [August],” reported William Penn during his first summer on the Delaware River, in 1683, “we have had extraordinary heats.”1 Penn had landed in Delaware Bay on October 27, 1682, after a passage (from Deal, England) of fifty-nine days aboard the Welcome, during which smallpox broke out and thirty-one of his ninety-nine fellow colonists died. Penn, who had survived smallpox at the age of three, ministered to the sick during the voyage and arrived in excellent health.

The Lenni Lenape, a subset of the Algonquin people, were called Delawares by the Dutch, Swedish, and English settlers who arrived in the seventeenth century, following the visit of the Italian navigator Giovanni da Verrazzano in 1524. The Lenape met the newcomers with diplomacy, but the colonists had technology and immunity on their side. “What is the Matter with us Indians,” asked Chief Tenoughan of the Schuylkill River, according to Penn, “that we are thus sick in our own Air, and these Strangers well?”2

The Lenni Lenape around Princeton belonged to the Unami nation, identified with the Turtle clan. European observers were never quite sure whether the Unami belonged to the Turtle, or the Turtle to the Unami. New Jersey was home to eleven species of turtle, adapted to all conditions, from hibernating at the bottom of frozen ponds to basking in the midsummer sun. To an American snapping turtle, a species unchanged for sixty million years, only the blink of a double-lidded eye separates us from William Penn.

In 1609, Henry Hudson, representing the Dutch East India Company, explored the Newark estuary before sailing up the river that bears his name. In 1614, Cornelius Jacobsen Mey, also Dutch, explored Delaware Bay and entered the Delaware River, navigable as far as the site of present-day Trenton, or Delaware Falls. Upon his restoration in 1660, Charles II challenged the Dutch claims to North America, granting the entire territory between Virginia and New France to his brother, the Duke of York (later James II), in 1664. The territory was named New York, and a portion of it, between the Delaware and Hudson rivers, was subdivided further, with the west half (bordering the Delaware River and Delaware Bay) assigned to Lord Berkeley and the east half (bordering the Hudson River and the Atlantic Ocean) assigned to Sir George Carteret. The province was named New Jersey, and soon fell into the hands of Quakers, or the Society of Friends.

In 1675, Lord Berkeley sold his interest in West New Jersey for £1,000 to John Fenwick and Edward Byllynge, two Quakers whose subsequent dispute over the property was referred for arbitration to William Penn. Fenwick sailed for America with his family and a group of fellow Quakers aboard the Griffin (or Griffith), founding a colony at “a pleasant rich spot” (Salem) on the Delaware, while Byllynge fell into debt and eventually transferred his interest to a group of creditors that now included Penn.3

Penn, who had studied law in London, took the lead in drafting a constitution for the new colony, issued in 1676 as the “Concessions and Agreements of the Proprietors, Freeholders, and Inhabitants of the Province of West New Jersey.” One hundred years before the Declaration of Independence, this document established a representative democracy with freedom of religion and assembly, trial by jury, economic liberty, and other principles that would later be incorporated into the constitutions of Pennsylvania and eventually the United States. Penn also joined a partnership that purchased East New Jersey at auction in 1682 for £3,400 from Carteret’s estate.

William Penn was the rebellious son of Admiral Sir William Penn, who led the English fleet in two wars against the Dutch and captured Jamaica (for Cromwell) in 1655. During the English Civil War, he sided with Parliament against the king, but secretly offered to switch sides and subsequently became a favorite of the king’s brother James. The younger Penn was sent to Oxford at age fifteen and soon expelled, for conducting religious services in his room and refusing to attend chapel or wear a gown. After a two-year tour of Europe he was entrusted with the management of his father’s estates in Ireland, where he took up with the Quakers, a rapidly growing nonconformist sect. He was promptly arrested and imprisoned, the first of some seven times. “Mr. William Pen[n], who is lately come over from Ireland, is a Quaker again, or some very melancholy thing,” noted Samuel Pepys on December 29, 1667.

Upon his return to London, Penn began pamphleteering, with “The Sandy Foundation Shaken” (questioning the Trinity) landing him in the Tower of London for eight months (during which he wrote the book No Cross, No Crown and several inflammatory tracts). In August 1670 he was again arrested in London, this time with William Mead, for preaching in the street after the Quaker meetinghouse in Grace-church Street was padlocked by the authorities, who charged that Penn and Mead “unlawfully and tumultuously did Assemble and Congregate themselves together, to the Disturbance of the Peace of the said Lord the King.”4

After two weeks in Newgate Prison, Penn and Mead pled not guilty. “We did not make the Tumult, but they that interrupted us,” argued Penn. “ ’Tis very well known that we are a peaceable People, and cannot offer Violence to any Man.”5 The jury’s verdict was not guilty, upon which they, too, were imprisoned, for contempt of court. “You shall not be dismist till we have a Verdict, that the Court will accept; and you shall be lock’d up, without Meat, Drink, Fire, and Tobacco; you shall not think thus to abuse the Court; we will have a Verdict, by the help of God, or you shall starve for it,” they were instructed by the Crown.6 This miscarriage of justice provoked an outcry that led to the release of Penn and Mead, along with their jurors, and precipitated a change in English law. Penn would soon be back in prison, sentenced to six months for refusing to take an oath of allegiance to the king, in 1671.

Admiral Sir William Penn died in 1670, leaving an unresolved £16,000, officially for £11,000 in “victualling expenses,” plus interest, owed to him by the Crown. Rumors lingered that the admiral had covered the king for a gambling debt. His son William petitioned the king, in 1680, for a settlement, proposing that the Crown grant him “a tract of land in America, lying north of Maryland, on the east bounded with Delaware River, on the west, limited as Maryland is, and northward to extend as far as plantable, which is altogether Indian.”7 Charles and James said yes—resolving the debt, and exporting Penn. The colony of Pennsylvania, with its capital, Philadelphia, was the result.

Penn arrived in 1682, assumed the governorship, and traveled extensively into the surrounding wilderness, learning the Lenni Lenape language well enough to converse without an interpreter and contrasting the justice and equality he found among the Indians to the injustices and inequalities he had left behind. “I find them … of a deep natural sagacity,” he wrote to his friend Robert Boyle of the Royal Society in 1683. “The low dispensation of the poor Indian out shines the lives of those Christians, that pretend an higher.”8

To the west of Pennsylvania lay open wilderness, while to the east the wilds of New Jersey were now squeezed between two growing populations centered upon Philadelphia and New York. The most direct connection between the two settlements was overland across the “waist” of New Jersey, between the head of navigation on the Delaware River (near present-day Trenton, upstream from Philadelphia) and the head of navigation on the Raritan River (near present-day New Brunswick, upstream from New York). This well-worn Lenni Lenape footpath became, in succession, a trail passable by horses, a wagon road, the “King’s Highway” for stagecoaches, and finally State Routes 27 and 206.

In 1683 a settler named Henry Greenland opened a tavern near the midpoint of the wagon road, and around this nucleus a village began to form. The proprietors of East and West New Jersey met at Greenland’s Tavern in 1683 to decide their common boundary, and this put Prince-Town on the map, while the nearby wilderness attracted a small group of Quakers seeking to distance themselves as far as possible from the secular influences of Philadelphia and New York. Halfway between the Raritan and the Delaware, and just to the south of the overland trail, was a small stream named Wapowog by the Lenape, flowing through land that was taken up in 1693, as his share of the original grant to the proprietors of West New Jersey, by William Penn. Six close-knit Quaker families, with Penn as an absentee partner, founded a colony here in 1696, and named it Stony Brook. Instead of a tavern, they built a Quaker meetinghouse.

The patriarchs of these families were Benjamin Clarke, William Olden, Joseph Worth, John Hornor, Richard Stockton, and Benjamin FitzRandolph, with Stockton becoming the largest landowner thanks to 5,500 acres purchased for £900 in 1701 from William Penn (who reserved 1,050 acres “as to said William Penn shall seem meet and convenient” for himself).9 Benjamin Clarke purchased 1,200 acres between Stony Brook, the Province Line, the present Stockton Street, and the present Springdale Road, in 1696, conveying 400 acres (including the future site of the Institute for Advanced Study) to his brother-in-law William Olden and deeding 9.6 acres in trust for the Friends meetinghouse and cemetery in 1709. The meetinghouse was finished in 1726, and the settlers also opened a school and built water-driven mills. By 1737 a stage wagon was running between Trenton and New Brunswick twice a week, and Prince-Town had grown to accommodate those who stopped to change horses or spend the night.

With no institution of higher learning between Yale University, in New Haven, Connecticut, and the College of William and Mary, in Williamsburg, Virginia, a College of New Jersey was established (by Presbyterians) in 1746, holding classes first in Elizabeth, and then in Newark, before being deeded 10 acres of cleared land and 200 acres of woodland by the Quaker community in Princeton in January 1753. The first students arrived in 1756, and, in January 1774, with revolution brewing, they demonstrated their support for the cause of independence by burning the steward’s winter store of tea.

When war arrived in Princeton at the end of November 1776, the American side was in disarray, with George Washington’s exhausted forces in retreat back to Pennsylvania after a series of defeats that included Brooklyn Heights (on Long Island), White Plains, and Fort Washington (on Manhattan Island in New York).

General Washington and some three thousand men arrived in Princeton on the night of December 1, pursued by Lord Cornwallis’s forces and their retinue of Hessian conscripts, who were looting and pillaging along the way. Washington regrouped in Princeton for a week before retreating to Trenton and finally to safety across the Delaware, while the British gathered at Trenton in pursuit.

On Christmas Eve, Washington slipped back across the Delaware (with 2,400 men) and launched a surprise attack in a snowstorm at eight o’clock on the morning of the twenty-sixth. He then returned to Pennsylvania, replenishing his forces as best he could until New Year’s Day, when, with some 5,000 men (more than half of them irregulars), he reassembled at Trenton, preparing to meet Cornwallis’s forces, who were on the advance from Princeton. This led to an inconclusive standoff along the banks of the Assunpink Creek. The night of the second was bitterly cold, freezing the muddy roads and allowing Washington’s army, with their artillery, to escape under cover of darkness along the back roads toward Stony Brook.

Sunrise of January 3 found the main column of the American Army near the Friends meetinghouse, marching toward the village of Princeton over a route that skirted the shallow ditch between Olden Farm and the banks of Stony Brook, passing across what is now the open field behind the Institute for Advanced Study and then veering right toward the village of Princeton through what is now the Springdale Golf Club and was then Stockton’s farm. The route passed over a low patch of ground that, 170 years later, would become the site of the Electronic Computer Project building at the end of Olden Lane, and this is where the main column was when the Battle of Princeton began.

Washington had dispatched his close friend General Hugh Mercer and about 350 men to backtrack up Stony Brook along Quaker Road and destroy the bridge at Worth’s Mills (where Route 206 crosses the brook today). Mercer’s party, however, was discovered by British forces heading from Princeton to Trenton to join the expected battle there, and a brief, intense engagement ensued that left about 50 Americans dead and 150 wounded (against 24 dead, 58 wounded, and 194 prisoners on the British side). General Mercer, surrounded, refused to surrender and, mistaken for General Washington, was bayoneted and left for dead. Washington, with reinforcements, rallied the survivors, drove the British from the field, and stormed their headquarters in the college’s Nassau Hall, while those British not taken prisoner retreated toward New Brunswick through the hills. Mercer regained consciousness and survived for nine days in the Clarke farmhouse, converted to a field hospital, close to where he fell. A physician by profession, he realized that although his head injuries were survivable, his abdominal wounds were not. But the tide of war had turned. Enlistments swelled Washington’s forces, the insurgency gained popular support, and the British left New Jersey for New York.

Olden Farm, after a brief role in the first American revolution, would remain undisturbed until the mathematicians arrived and began working on the next.


THREE

Veblen’s Circle

What could be wiser than to give people who can think the leisure in which to do it?

—Walter W. Stewart to Abraham Flexner, 1939

ON MAY 2, 1847, newlyweds Thomas and Kari Veblen, who spoke barely a word of English, left their home in the landlocked Valdres district of Norway to emigrate to America, leaving behind a severe economic depression and the body of their infant son. The voyage took nineteen weeks, with a shipboard fever costing Thomas his health, and all passengers under the age of six their lives. With Wisconsin on the verge of statehood, the Veblens arrived in Milwaukee on September 16, and after Kari nursed her husband back to health, Thomas, a cabinetmaker, built a house in the village of Port Ulao, in Ozaukee County, on Lake Michigan’s western shore. In September 1848, Andrew Anders Veblen, the first of their eleven American children, was born. While the nine children who survived their pioneer existence were growing up, the Veblens moved three more times: first to Sheboygan County in 1849, then to Manitowoc County in 1854, and finally to Rice County, Minnesota, in 1864. At every move, Thomas Veblen built his own house, including outbuildings and barns, and cleared his own land.

The Veblen children worked long hours on the farm. Kari’s father, Thorstein Bunde, had lost the family property in Norway to the machinations of unscrupulous lawyers and had died under the burdens that followed, when Kari was five. Determined to secure a better future in America, the Veblens sent all their children to college, including their four daughters and two subsequently distinguished sons. Andrew Veblen became a professor of mathematics and physics at the University of Iowa, while Thorstein Veblen, born in 1857, became an influential social theorist, best known for coining the phrase “conspicuous consumption” in his 1899 masterpiece The Theory of the Leisure Class.

Thorstein Veblen had a Darwinian eye, sharpened by growing up on the edge of the wilderness, for the coevolution of corporations, financial instruments, and machines. Although respected as an economist, he struggled financially for much of his life, and his only significant personal investments, in the California raisin business, failed. In 1888 and 1889 he retreated to his wife’s farm in Stacyville, Iowa, and translated the eleventh-century Norse epic Laxdœla Saga (“an ethnological document of a high order”) into English, but failed to find a publisher until 1925.

In a string of books—including The Theory of Business Enterprise (1904), The Instinct of Workmanship and the State of the Industrial Arts (1914), An Inquiry into the Nature of Peace and the Terms of Its Perpetuation (1917), The Higher Learning in America: A Memorandum on the Conduct of Universities by Business Men (1918), The Vested Interests and the Common Man (1919), and Absentee Ownership and Business Enterprise in Recent Times: The Case of America (1923)—Thorstein applied evolutionary economics, a field he pioneered, to the problems of society looming large at the time. He helped found the New School of Social Research, the Journal of Political Economy, and the Technocracy movement. His books were widely read, but his warnings widely disregarded, and he died, discouraged, in Menlo Park, California, on the eve of the Great Depression, in 1929. “He heard members of his family, long since dead, speak to him in Norwegian,” a neighbor noted near the end.1

Oswald Veblen, Thorstein’s nephew and the first of Andrew Veblen’s eight children, attended public schools in Iowa City, followed by the University of Iowa, where he was awarded one prize in sharpshooting and another prize in math. He took time off from his studies to travel down the Iowa and Mississippi rivers in the style of Huckleberry Finn, and remained an avid outdoorsman until the day he died. He was tall, lithe, and always looked like he had just come in from the woods. “I don’t ever remember seeing him in anything that looked new,” says Herman Goldstine. Albert Tucker adds that “he always had a fourth button on his coat because he was so tall and slim.” An attachment to the soil ran deep in his Norwegian blood. “He is a most excellent person,” warned Abraham Flexner, the Institute for Advanced Study’s first director, “but the word ‘building’ or ‘farm’ has an intoxicating effect upon him.”2

After obtaining a degree in mathematics at age eighteen in 1898, Oswald Veblen stayed on as a teaching assistant in physics for one year and then left for Harvard, earning a second BA in 1900, before heading to the University of Chicago (where Thorstein was an assistant professor of political science) for his PhD. His thesis, on the foundations of geometry, led to his recruitment by Princeton University in 1905, during a period of expansion after Woodrow Wilson, the future president of the United States, was appointed president of the university in 1902.

The College of New Jersey had been renamed Princeton University in 1896, with ambitions to expand into graduate education and scientific research. Wilson, the first president of the college who was not a clergyman, began by hiring “preceptors”—junior faculty expected to work closely with undergraduates—and encouraged faculty research. While Princeton remained off-limits to black students (until the U.S. Navy’s V-12 program broke the barrier in 1942) and women (until 1969), Wilson did appoint the first Catholic and the first Jew to the faculty. The number of Jewish students reached twenty-three in the class of 1925.

Wilson left the university to become governor of New Jersey in 1911 and president of the United States in 1913. War was declared against Germany in April of 1917, at the beginning of his second term. Some 138 of Princeton’s faculty joined the armed services before the war came to an end, with Veblen among the first round of volunteers. Commissioned as a captain in the Army Reserve, and later promoted to major, he was assigned to the Army Ordnance Department’s Office of Ballistic Research in Sandy Hook, New Jersey, just in advance of its transfer to the Aberdeen Proving Ground in Maryland, a thirty-five-thousand-acre military reservation on the shores of Chesapeake Bay.

The Aberdeen of 1918, its makeshift roads a sea of mud, was a precursor to the Los Alamos of 1943. Its mission was to enlist American science and industry against the German war machine, but by the time the Proving Ground was operational, the war in Europe was drawing to a close. According to Thorstein Veblen, the United States had entered the war, belatedly, only to ensure that the transnational interests of the industrialists would be protected against any social upheavals that peace in Europe might unleash. Oswald Veblen, a sharpshooter at heart, had no doubts about how to help, and improving the accuracy of guns raised none of the moral questions that would later be raised by the development of atomic bombs. After completing basic training, according to Herman Goldstine, Veblen kept busy at Sandy Hook, in advance of the move to Aberdeen, by “leaning out of an airplane dropping bombs from his hands trying to see how this whole bombing thing would go.”3

A stalemate in the trenches, the Great War became a battle for bigger and better guns. Artillery fire caused some three-quarters of all casualties, with aircraft and bombs remaining on the sidelines until World War II. The United States entered the war with horse-drawn artillery and fired the last shot from a 155-mm howitzer nicknamed “Calamity Jane.” New, long-range artillery and shells were being rushed into production and delivered to Aberdeen to be tested before being shipped overseas to the American Expeditionary Force.

The first test round was fired, in the midst of the worst winter on record, on January 2, 1918. Veblen arrived on January 4. With the same ease with which Oppenheimer would later assume command at Los Alamos, he rose to the occasion, assuming command of the entire ballistics group at Aberdeen. As the eldest of eight children, he found that leadership came naturally, while his willingness to shoulder his share of physical hardship on the firing ranges won the loyalty of his men.

“Veblen’s tremendous influence was almost imperceptible at the time it was happening,” explained his Princeton colleague Albert Tucker. “He had a rather hesitant way of speaking, very tentative and diffident,” adds fellow topologist Deane Montgomery, “but he really was an extremely forceful man.” To Klára (Klári) von Neumann he was “a tall, gaunt man, sporting a shyness which made him stutter in his speech, yet a formidable opponent when anybody crossed his path.” Herman Goldstine, who credits Veblen for von Neumann’s being allowed to build his computer at the Institute for Advanced Study in Princeton, remembers him as “the kind of guy who would keep dripping water on the stone until finally it eroded.”4

Since the time of Archimedes and his siege engines, military commanders had brought in the mathematicians when they needed help. The problem facing Veblen was as old as gunnery itself: If you aim a gun in a given direction, and load it with a given shell, where will the shell land? Or, if you want to hit a given target with a given shell, where should the gun be aimed? According to Newton and Galileo, the path of a projectile was calculable, but in practice it was difficult to predict the behavior of a shell in flight.

With the introduction of breech-loading, rifled artillery, accuracy improved to where it became possible to test-fire a gun a fixed number of times, distributing the shots across a range of distances, and then use a mathematical model to fill in a complete firing table (or range table) from there. Range, speed, and altitude had increased to where the flight of the shell was affected by factors ranging from the changing density of the atmosphere to the rotation of the earth. Preparing the range tables required enormous numbers of calculations, largely performed by hand. The gap between what the models predicted and where the shells landed was narrowed, as far as possible, by the ballistic coefficient, an empirically derived constant that was rarely as constant as it should have been, and “was made to carry a very heavy burden,” in the words of Veblen’s colleague Forest Ray Moulton.5

Veblen organized the teams of human computers who were placed under his command, introducing mimeographed computing sheets that formalized the execution of step-by-step algorithms for processing the results of the firing range tests. It took the entire month of February to fire the first forty shots, yet by May his group was firing forty shots each day, and the growing force of human computers was keeping up. Veblen recruited widely, with a knack for discovering future mathematicians and making the best use of their talents during the war.

One of his recruits was Norbert Wiener, a twenty-four-year-old mathematical prodigy well trained after two years of postdoctoral study in Europe, but socially awkward and discouraged by the failures of his first teaching job. Even the army had rejected him, for poor eyesight and an inability to fire a rifle or maintain control of a horse. When Veblen located Wiener, he was living in Albany, New York, and writing articles for the Encyclopedia Americana to scrape by. “I received an urgent telegram from Professor Oswald Veblen at the new Proving Ground at Aberdeen, Maryland,” Wiener later recalled. “This was my chance to do real war work … I took the next train to New York, where I changed for Aberdeen.”

Wiener was transformed by the Proving Ground. “We lived in a queer sort of environment, where office rank, army rank, and academic rank all played a role, and a lieutenant might address a private under him as ‘Doctor,’ or take orders from a sergeant,” he wrote. “When we were not working on the noisy hand-computing machines which we knew as ‘crashers,’ we were playing bridge together after hours using the same computing machines to record our scores. We went swimming together in the tepid, brackish waters of Chesapeake Bay, or took walks in the woods.”

“Whatever we did, we always talked mathematics,” Wiener explained. “Much of our talk led to no immediate research.” Wiener found that the Proving Ground “furnished a certain equivalent to that cloistered but enthusiastic intellectual life which I had previously experienced at the English Cambridge, but at no American university.” Veblen had gathered a community that would redefine American mathematics in the years between World War I and World War II. “For many years after the First World War,” wrote Wiener, “the overwhelming majority of significant American mathematicians was to be found among those who had gone through the discipline of the Proving Ground. Thus the public became aware for the first time that we mathematicians had a function to perform in the world.”6

After the Armistice was signed in November of 1918, Veblen took a four-month tour of Europe to debrief his counterparts about their experiences during the war. Many had already returned to academia, giving him the opportunity to observe the state of European mathematics firsthand. Göttingen, Berlin, Paris, and Cambridge were the centers of the mathematical world, while Harvard, Chicago, and Princeton were still far from catching up. Veblen returned to Princeton determined both to replicate the success of the European institutions and to recapture some of the informal mathematical camaraderie of the Proving Ground.

He set three immediate goals: to sponsor postdoctoral fellowships for promising young mathematicians, to free existing professors from crushing teaching loads, and to promote cross-fertilization between mathematics and other fields. “It has frequently happened that an attempt to solve a physical problem has resulted in the creation of a new branch of mathematics,” he wrote to Simon Flexner, director of the Rockefeller Institute for Medical Research, urging the Rockefeller Institute to extend its existing National Research Council fellowships, focused on physics and chemistry, to include mathematical research.7

Veblen’s proposal was adopted, and four months later he returned to Simon Flexner with a more ambitious request. “The way to make another step forward,” he suggested, “is to found and endow a Mathematical Institute. The physical equipment of such an institute would be very simple: a library, a few offices, and lecture rooms, and a small amount of apparatus such as computing machines.” Veblen sketched out a mathematical Utopia, somewhere between the High Tables of Cambridge or Oxford and the computing shacks of the Proving Ground. “The main funds of such an institute,” he emphasized, “should be used for the salaries of men and women whose business is mathematical research.”8

Simon Flexner answered that “I wish that sometime you might speak with my brother, Mr. Abraham Flexner, of the General Education Board.”9 The Rockefeller Foundation’s General Education Board, chartered by Congress in 1903 for “the promotion of education within the United States of America, without distinction of race, sex, or creed,” focused on high school education in the American South, but was free to support higher education of any kind.

Simon and Abraham Flexner, the fifth and seventh of nine children, were born in Louisville, Kentucky, and ended up at the Rockefeller Foundation by very different paths. Their father, Moritz Flexner, born in Bohemia in 1820, was a Jewish immigrant peddler who settled in Louisville in 1854, carrying his wares on his back until he saved four dollars to buy a horse. Simon Flexner, born in 1863, dropped out of school after the seventh grade, drifting in no particular direction until a job in a drugstore and a near-fatal brush with typhoid sparked an interest in microbiology that led to a career in medicine and, eventually, to his becoming an authority on infectious diseases and director of the Rockefeller Institute for Medical Research. Established on a 425-acre farm in Princeton, and later expanded to 800 acres, the Rockefeller Institute was the leading microbiological research institute in the United States.

Abraham Flexner, born in 1866 and the only Flexner to be sent to college, was sponsored by his eldest brother, Jacob, after the death of Moritz, in attending Johns Hopkins University, graduating in 1886. He returned to Louisville to teach Latin and Greek at Louisville High School, and then opened his own school, after establishing his reputation by flunking an entire class. He credited his parents with being “shrewd enough to realize that their hold upon their children was strengthened by the fact that they held them with a loose rein,” a principle that guided his educational philosophy, even though “to be sure, we shall thus free some harmless cranks.”10

“A small hawk-like wiry man with a wonderful twinkle in his eye and a front of obviously false modesty that immediately made you suspect the strength and power, the cunning and cleverness that were hidden behind a delightful sense of humor, Flexner was not a scholar himself,” explained Klári von Neumann, “but had a very practical mind which conceived the idea that there should be a place where men whose only tools of work were their brains could spend time entirely on their own, with no obligation of teaching or looking after students; a place in a milieu of relaxed thinking, a place where they could talk to each other if they felt like it but if not, each was respectfully left alone.”11

In 1898, Abraham Flexner married a former student, Anne Crawford, who became a successful Broadway playwright (The Marriage Game, All Soul’s Eve, Mrs. Wiggs of the Cabbage Patch), allowing them to leave Louisville behind. He sold his school in 1905, going first to Harvard, where he earned an MA in philosophy in 1906, and then to Germany, where he wrote a scathing critique of American higher education, published in 1908. The Carnegie Foundation then commissioned him to compile a report on medical education, where standards were even worse. He visited some 155 medical schools, and his exposure of their deficiencies resulted in the closure of two-thirds of the medical schools in the United States. In 1911 he was commissioned by John D. Rockefeller Jr. to conduct a “thorough and comprehensive” study of prostitution in Europe, an assignment that took him to twenty-eight cities in twelve countries, from London to Budapest. His report, published in 1914, was acclaimed in the United States and he was made a Chevalier of the Legion of Honor in France. In 1913 he joined the Rockefeller Foundation’s General Education Board, his influence rising until he was ousted in 1928.

Veblen’s proposal to the Flexners met with no immediate response, but Princeton University was eventually awarded $1 million by the General Education Board, contingent on the university’s securing an additional $2 million in matching funds. Veblen deferred the credit to Woodrow Wilson and Henry Fine. “I should not think that my little dream of a Math institute should be stressed too much,” Veblen later admitted, looking back. “The building of a mathematical department in Princeton University which was completely out of proportion with the standing of the University in other fields of scholarship had been going on under the leadership of H. B. Fine since 1885.”12

Henry Burchard Fine, the son of a Presbyterian minister from rural Pennsylvania, had entered the College of New Jersey in 1876, and became close friends with Woodrow Wilson while serving as editor of the Princetonian in his senior year. After obtaining a PhD in Leipzig in 1885, he returned to Princeton and was appointed dean of faculty by Woodrow Wilson in 1903. Fine chose Veblen for one of the new preceptorial positions, and built up the core of the Princeton mathematical group. He hired promising young mathematicians, supported their research, and made no objections when they were called somewhere else.

Fine’s brother John founded the Princeton Preparatory School (on the east side of town) for boys, while his sister, May, founded Miss Fine’s School (on the west side of town) for girls. After Wilson’s election to the U.S. presidency, Henry Fine declined an appointment as ambassador to Germany because he believed that teaching undergraduates should come first. Fine and Wilson were both friends with fellow alumnus Thomas Davies Jones, who enjoyed a lucrative Chicago law practice, a controlling interest in the Mineral Point Zinc Company, and self-described “superfluous wealth.” The Jones family put up the entire $2 million to match the contribution from the General Education Board, more than enough to realize Veblen’s ambitions for mathematics at Princeton—but Fine began distributing the money to other departments first. Things changed suddenly at the end of 1928.

In 1913 the former Lenni Lenape footpath through Princeton had become part of the first transcontinental motorway across the United States. The Lincoln Highway, beginning at Times Square in New York City and terminating at an overlook above Point Lobos in San Francisco, followed the route of the old King’s Highway between Princeton and Kingston, and was fully paved between New York and Philadelphia by 1922. In the late afternoon of December 21, with darkness falling, a driver heading toward Kingston failed to see a seventy-year-old bicyclist making a left turn. The cyclist was Henry Fine, entering the driveway of his brother’s school. The driver, Mrs. Cedric A. Bodine, whose husband owned a funeral home in Kingston, was held under a charge of manslaughter, while a series of memorials, with Nassau Hall’s bells tolling, mourned Princeton’s loss through Christmas Day.

Thomas Jones and his niece Gwethalyn pledged an additional $500,000 to build (and maintain) a new mathematics building in memory of Fine. At the time of Veblen’s arrival in Princeton, the mathematicians shared a few small offices in Palmer Hall. “The principle upon which Fine Hall was designed,” according to Veblen, “was to make a place so attractive that people would prefer to work in the rooms provided in this building rather than in their own homes.”13 Jones, believing that “nothing is too good for Harry Fine,” instructed Veblen to construct a building that “any mathematician would be loath to leave.”

Half a million dollars (equivalent to over $6 million today) went a long way in 1929. Fine Hall opened in October of 1931, with no detail overlooked: from the showers and locker room in the basement (“members of the department who wish to avail themselves of the nearby tennis courts or the gymnasium will not find it necessary to return to their homes to dress”) to the top-floor library with natural lighting, a central atrium, and a passageway to encourage mingling with the physicists in adjacent Palmer Hall. “There are nine offices with fireplaces and fifteen without,” reported Veblen. “Overstuffed chairs and davenports take the place of chairs and desks and the classrooms are fitted out after the manner of private studies,” reported Science magazine. The rooms were paneled in American oak, with concealed chalkboards and built-in filing cabinets. Equations for gravitation, relativity, quantum theory, five perfect solids, and three conic sections were set into leaded glass windows, and the central mantelpiece featured a carving of a fly traversing the one-sided surface of a Möbius strip. “Every little door knob, every little gargoyle, every little piece of stained glass that has a word on it, was something that Veblen personally supervised,” noted Herman Goldstine in 1985.14

In April 1930, Veblen wrote to Albert Einstein requesting permission to inscribe a remark Einstein had made in Princeton in 1921—“Raffiniert ist der Herr Gott aber Boshaft ist Er nicht” (translated at the time as “God is clever, but not dishonest”)—above the fireplace in the Professors’ Lounge. “It was your reply when someone asked you if you thought that [Dayton C.] Miller’s results would be verified,” Veblen explained. “I hope you will not object to our using this ‘child of your wit.’ ”15 Einstein replied that “Lord” or “God” might be misconstrued, suggesting that what he really meant was “Nature conceals her secrets in the sublimity of her law, not through cunning.”16

With the opening of Fine Hall, and Veblen’s appointment as Henry Burchard Fine Professor of Mathematics (also funded by the Jones family), Veblen’s position, along with that of mathematics at Princeton, appeared secure. Three misfortunes—the Great Depression, the rise of Nazism in Europe, and the approach of the Second World War—then combined with yet another windfall to allow Veblen’s dream of an autonomous mathematical institute to be fulfilled.

During the three centuries since Henry Hudson explored the Newark estuary in 1609, the nonnative population of Newark had grown from 61 dissident Puritan settlers in 1666 to just under 350,000, almost doubling between 1890 and 1910. Among the new arrivals was Louis Bamberger, born in 1855, above his father’s dry goods store, into a family of Jewish merchants who had immigrated to Baltimore from Bavaria in 1823. After starting work in his maternal uncle’s store at age fourteen, Louis served as a buyer in New York City, scraping together the money to buy the stock of a bankrupt dry goods firm in 1892. Selling it out of a rented storefront in a blighted neighborhood of Newark, he realized enough of a profit to open his own business, taking on as partners his sister Carrie; her husband, Louis Frank; and their close friend Felix Fuld.

By 1928, Bamberger’s department store occupied 1 million square feet, with 3,500 employees and over $32 million in annual sales. The Amazon.com of its time, Bamberger’s featured price tags on all merchandise, no-questions-asked money-back guarantees, toll-free telephone numbers, job security, and an on-site public library for employees. The eight-floor flagship store on Market Street in Newark included a 500-watt radio station, WOR, and introduced what is now the Macy’s Thanksgiving Day Parade.

The four business partners, with no children, lived together on the outskirts of Newark, in South Orange, on a thirty-acre estate. After Louis Frank died in 1910, Carrie married Felix Fuld, who died in January of 1929. The two surviving Bambergers decided it was time to retire, and in June of 1929 negotiated a sale to R. H. Macy and Co. that closed in September, just six weeks before the stock market crash. They received 146,385 shares in Macy’s, whose share price reached a high of $225 on November 3 before sinking to a low of $17 in 1932. The Bambergers, who took $11 million of the proceeds in cash, distributed $1 million among 225 employees who had served fifteen years or more, and enlisted their chief accountant, Samuel D. Leidesdorf, and legal adviser, Herbert H. Maass, to help decide what they should do with the rest.

“Because they had prospered to such an extent in the City of Newark, they were determined that whatever they did should benefit either the City of Newark or the State of New Jersey,” Maass recalled in 1955. Their intention was to establish a medical college, giving preference to Jewish faculty and students, on their South Orange estate. Maass and Leidesdorf were referred to Abraham Flexner, whom they called on in his office at the Rockefeller Medical Foundation in December of 1929. “His advice to us was that there were ample medical school facilities in the United States,” remembers Maass. Flexner, who had dismissed the American University as “an educational department store” in an Atlantic Monthly article in 1925, seized his chance. “Toward the end of our first conversation,” according to Maass, “he asked us, ‘Have you ever dreamed a dream?’ ”17

Flexner remembers having been “working quietly one day when the telephone rang and I was asked to see two gentlemen who wished to discuss with me the possible uses to which a considerable sum of money might be placed.”18 He had been preaching about the deficiencies of higher education for many years, and when Maass and Leidesdorf visited, he had the proofs of his forthcoming book, Universities: American, English, German, sitting on his desk. His guests took a copy with them when they left.

The book, expanding upon the Rhodes lectures Flexner had delivered at Oxford in 1928, gave a depressing account of higher education in America, concluding with a call for “the outright creation of a school or institute of higher learning” where “mature persons, animated by intellectual purposes, must be left to pursue their own ends in their own way … be they college graduates or not.” Flexner argued that this “free society of scholars” should be governed by scholars and scientists, not administrators, and even “the term ‘organization’ should be banned.”19

Maass was “fascinated,” and Leidesdorf was “impressed.” A series of luncheon meetings with the Bambergers was arranged, and before Louis and Carrie departed for their customary winter retreat to the Biltmore in Phoenix, Flexner drafted a codicil to their last wills and testaments. “Having made an extensive survey of the field, guided by expert advice,” he wrote on their behalf, “we are presently of the opinion that the best service we can render mankind is to establish and endow a graduate college which shall be … free from all the impedimenta which now surround graduate schools because of the undergraduate activities connected therewith.”20

The Bambergers were still cautiously approaching a decision, but there was no indecision on Flexner’s part. He renewed contact with Oswald Veblen, who was immersed in the construction of Fine Hall. Veblen sensed something was up. He reported to Flexner on the progress being made in Princeton, adding that “I think my mathematical institute which has not yet found favor may turn out to be one of the next steps.” Flexner took the bait. “What would American scholars and scientists do if some fellow or some foundation set up a ‘sure enough’ institution of learning?” he asked. “Is it necessary to carry the mill-stone of the college about the neck of the graduate school?”21

On May 20, 1930, with Flexner appointed as the first director at a salary of $20,000 per year (equivalent to over $250,000 today), a certificate of incorporation was signed for “the establishment, at or in the vicinity of Newark, New Jersey, of an institute for advanced study, and for the promotion of knowledge in all fields.” The Bambergers committed $5 million to start things off. “So far as we are aware,” they announced in their initial letter of instruction to the trustees, “there is no institution in the United States where scientists and scholars devote themselves at the same time to serious research and to the training of competent post-graduate students entirely independently of and separated from both the charms and the diversions inseparable from an institution the major interest of which is the teaching of undergraduates.”22

For the first two years, the Institute existed only on paper, envisioned by Abraham Flexner as “a paradise for scholars who, like poets and musicians, have won the right to do as they please.”23 It was one thing to criticize higher education, as Flexner had been doing for twenty-two years, and another to replace it with something else. Creating a paradise, even with $5 million during the Great Depression, was easier said than done.

Flexner spent six months consulting with leading intellectuals and educational administrators across Europe and the United States. The notion of paradise varied from one person to the next. Classicists advised Flexner to start with classics, physicists with physics, historians with history, and mathematicians with mathematics. British biologist Julian Huxley advised mathematical biology, arguing that “there is in biology a lamentable lack of general appreciation of a great deal of systematic and descriptive work.” The Bambergers wanted to start with economics and politics, which they hoped would “contribute not only to a knowledge of these subjects but ultimately to the cause of social justice which we have deeply at heart.”24

Some thought the Institute should be closely associated with an existing university; others thought it should be far removed. “It is the multiplicity of its purposes that makes an American University such an unhappy place for a scholar,” advised Veblen. “If you can resist all temptations to do the other good things that might be attempted, your adventure will be a success.”25

Was a paradise for scholars even possible? Historian Charles Beard predicted “death—intellectual death—the end of many a well-appointed monastery in the Middle Ages.” Future Supreme Court justice Felix Frankfurter, who scrawled, “NEWS FROM PARADISE. Not my style,” across a letter from Flexner, pointed out that “for one thing, the natural history of paradise is none too encouraging as a precedent. Apparently it was an excellent place for one person, but it was fatal even for two.”26

Flexner, who had given away some $600 million over the course of his association with the Rockefeller Foundation, believed that most educational funding had too many strings attached. Now was his chance to try something else. “I should think of a circle, called the Institute for Advanced Study,” he envisioned in 1931. “Within this, I should, one by one, as men and funds are available—and only then—create a series of schools or groups—a school of mathematics, a school of economics, a school of history, a school of philosophy, etc. The ‘schools’ may change from time to time; in any event, the designations are so broad that they may readily cover one group of activities today, quite another group, as time goes on.”27

“The Institute is, from the standpoint of organization, the simplest and least formal thing imaginable,” he explained. “Each school is made up of a permanent group of professors and an annually changing group of members. Each school manages its own affairs as it pleases; within each group each individual disposes of his time and energy as he pleases … The results to the individual and to society are left to take care of themselves.”28 Flexner believed that knowledge, not profit, must be the goal of research. “As a matter of history, the scientific discoveries that have ultimately inured to the benefit of society either financially or socially have been made by men like Faraday and Clerk Maxwell who never gave a thought to the possible financial profit of their work,” he wrote to the editors of Science in 1933, protesting against universities that were beginning to file for patents on their research. This did not mean that benefits should not be expected from pure research. In a Harper’s Magazine essay titled “The Usefulness of Useless Knowledge,” Flexner described the thinking behind the Institute for Advanced Study and argued that “the pursuit of these useless satisfactions proves unexpectedly the source from which undreamed-of utility is derived.”29

After considering a school of economics, both to accommodate the Bambergers and because “the plague is upon us, and one cannot well study plagues after they have run their course,” Flexner decided to start with mathematics. “Mathematics is singularly well suited to our beginning,” he explained to the trustees. “Mathematicians deal with intellectual concepts which they follow out for their own sake, but they stimulate scientists, philosophers, economists, poets, musicians, though without being at all conscious of any need or responsibility to do so.” There were practical advantages to the field as well: “It requires little—a few men, a few students, a few rooms, books, blackboard, chalk, paper, and pencils.”30

There were two other reasons to start with math. Flexner needed to make a strong first impression, and the ranking of talent across mathematics was less subjective than in other fields. He deferred to Veblen as to candidates, explaining to the trustees that “mathematicians, like cows in the dark, all look alike to me.” Second, Flexner knew that to satisfy the Bambergers, and secure the balance of their estate, he had to deliver immediate results. There was an existing mathematical utopia, Fine Hall, available off the shelf. Could Flexner sell this to the Bambergers? “Everybody who wants a teacher of mathematics comes shopping to Princeton,” he wrote to them in Arizona, “just as the people who know what they are after go to L. Bamberger & Company in Newark.”31

The Bambergers remained, as expressed in their original letter, “mindful of our obligations to the community of Newark” and still intended the Institute to be located “in the vicinity of such City.” South Orange was “in the vicinity of Newark,” but was Princeton? “Mr. Bamberger and Mrs. Fuld so clearly intended Newark and its immediate environment that I would hesitate to adopt any other view unless they first modified their letter,” stated Maass. “Enclosed is a current road map for the State of New Jersey,” added Edgar Bamberger, a nephew of Louis who had joined the board of trustees. “You will note that circles have been drawn at ten mile radii, with South Orange Village as a center. Princeton, you will notice, is roughly 35–40 miles by road from South Orange. Kindest personal regards.” Flexner, reluctant to confront the Bambergers directly, began to substitute “in the State of New Jersey” for “in the vicinity of Newark” in the documents being circulated in preparation for the Institute’s launch. The Bambergers, persuaded by his insistence that “it might be difficult to get able lecturers to come to Newark,” eventually acquiesced.32

On June 5, 1932, Oswald Veblen was appointed to the first professorship (effective October 1, 1932) followed by Albert Einstein (effective October 1, 1933). They were joined by John von Neumann, Hermann Weyl, and James Alexander in 1933, and Marston Morse in 1934. “I had to bear in mind the importance of getting together a group, all the members of which would not grow old at the same time,” Flexner explained to Veblen at the end of 1932. “You and Einstein are in the early 50’s, Weyl in the middle 40’s, Alexander in the early 40’s—so that we have protected ourselves against any such fate as befell the deacon’s one horse shay, which, as you remember, fell to pieces all at once without showing any signs of decay during one hundred years.”33 Von Neumann, when hired in January of 1933, had just turned twenty-nine. Princeton University agreed to provide a temporary home for the new institute in Fine Hall.

The Nazis launched their purge of German universities in April 1933, and the exodus of mathematicians from Europe—with Einstein leading the way to America—began just as the Institute for Advanced Study opened its doors. “The German developments are going bad and worse, the papers today wrote of the expulsion of 36 university professors, ½ of the Göttingen mathematics and physics faculty,” von Neumann reported to Flexner on April 26. “Where will this lead, if not to the ruin of science in Germany?”34

Flexner, the Bambergers, and Veblen had envisioned a refuge from the mind-numbing departmental bureaucracy of American universities, not the humanitarian disaster from which their sanctuary now offered an escape. “The Institute was a beacon in the descending darkness,” wrote Director Harry Woolf in 1980, reflecting on the first fifty years, “a gateway to a new life, and for a very few a final place within which to continue to work and transmit to others the style and the techniques of great learning from the other shore.”35 Veblen assumed the chairmanship of the Rockefeller Foundation’s Emergency Committee for Displaced German Scholars, using Rockefeller money and the promise of temporary appointments at the Institute to counter the twin misfortunes of anti-Semitism in Europe and a depression in the United States.

The problem was how to squeeze displaced scholars into a shrinking job market without provoking the very anti-Semitism those scholars were trying to escape. The United States offered non-quota visas to teachers and professors, but with insufficient openings for American candidates, finding positions for the refugees, especially in Princeton, was a difficult sell. An invitation to the Institute for Advanced Study allowed Princeton University, historically resistant to Jewish students and faculty, to reap the benefits of the refugee scientists without incurring any of the associated costs. The arrival of Einstein helped open the door. Princeton, despite its role in the American Revolution, had become one of the more conservative enclaves in the United States, “a quaint and ceremonious little village of puny demigods on stilts,” as Einstein described it to the Queen of Belgium in 1933.36

Veblen pushed not only for academic positions but for land: enough to establish a refuge for wildlife as well as a refuge for ideas. “There is no educational institution in the United States which has not in the beginning made the mistake of acquiring too little rather than too much land,” he wrote to Flexner, urging the acquisition of “a sufficiently large plot of land, which would thus be kept free from objectionable intruders.” Flexner, who favored investing in scholarship over real estate, was gradually persuaded. “I have it in mind now to go down to Princeton quietly for a week or so for the purpose of familiarizing myself with the general situation, for that may help us in our final choice,” he reported in October 1932. “I should like to be away from undergraduate activities and close to graduate activities.”37

There was no turning back, once word leaked out that the Institute was looking for a home. “The fact that we propose to locate in the vicinity of Princeton is now a matter of public knowledge to such an extent that, I believe, we are being made the victim of a distinct firming up in prices, and that we had better attempt to come to an early decision,” Maass advised Flexner in November 1932. “If we are going to have inflation, would it not be well to speed up the land question?” Veblen argued. “At least two of the proposed sites seem good to me.” Despite the Bambergers complaining about “a policy of acquiring so much land for an institution that proclaimed not size but highest standards,” Veblen persisted, and by 1936 some 256 acres had been purchased for a total of $290,000, including the 200-acre Olden Farm.38 The property included Olden Manor (the former William Olden house, now the director’s residence), a cluster of farm workers’ houses at the end of Olden Lane, and a large working barn.

“I think it would be prudent for the present to keep the matter quiet,” Flexner wrote to Bamberger in October 1935. “Though I do not wish to criticize either Mr. Maass or Professor Veblen, I think there is some danger that they will both be too enthusiastic about the acquisition of additional land.” The Bambergers responded, as Maass reported to Flexner in December, by “[playing] Santa Claus by paying for the land.”39 Over the next few years, Veblen drove a series of tough bargains with Depression-strapped landowners to extend the Institute’s holdings to a total of 610 acres, including the land bordering Stony Brook that now constitutes the Institute Woods. “I have walked over the new property of the Institute several times since there has been a hard crust on top of the snow,” he reported in early 1936. “This enables one to explore the woods down near the brook much better than one will be able to after the ground gets soft again.”40 Veblen arranged to have forty thousand evergreen seedlings from the state nursery in Washington Crossing planted on Institute property in April 1938.

In 1937, after the failure of negotiations that would have seen the Springdale Golf Club build a new clubhouse on Institute property and allow the Institute to occupy the old clubhouse (formerly Stockton’s farm) on College Road, it was decided to begin construction of an Institute headquarters in the middle of Olden Farm, on level ground about halfway between Olden Manor and Stony Brook. The Bambergers, long opposed to spending money on buildings, changed their minds. Being snubbed by the old guard at the golf club may have helped.

Fuld Hall was an expanded version of Fine Hall, transplanted away from the university and given room to grow. The mathematicians played chess in the common room while the trustees played cards in the board rooms upstairs. “They were all friends—original friends of Mr. Bamberger,” recalls Herman Goldstine. “Maass was his lawyer; Leidesdorf was his pinochle-playing crony and accountant, and that’s how they were on the board. These people like Lewis Strauss were all of the kind of Jewish merchant princes, if you will.”41

The Institute academic year, divided into two terms, extended from October through April, with a generous winter break in between and no duties or responsibilities except to be in residence at the Institute during term—amounting to about half the year. “The other half of the year the staff will be technically on vacation,” it was reported in 1933, “but Dr. Flexner has found that those engaged in research often do their best work while ‘on vacation.’ ” Flexner believed in generous remuneration for the permanent faculty, noting that although wealth might invite distractions from academic work, “it does not follow that, because riches may harm him, comparative poverty aids him.” This generosity was not extended to visitors, “for on high stipends members will be reluctant to leave.” Despite the Depression, and the war, faculty salaries continued to go up. “Professor Earle, who is extremely grateful for the increase in his salary, has been driven by his conscience to raise the uneasy question as to whether such increases in salary as we have recently made and are making are legal,” Frank Aydelotte, Flexner’s successor, noted in 1945.42

Princeton University professors referred to “the Institute for Advanced Salaries,” while Princeton University graduate students referred to “the Institute for Advanced Lunch.” The Institute was the unacknowledged realization of Thorstein Veblen’s original call (in 1918) for “a freely endowed central establishment where teachers and students of all nationalities, including Americans with the rest, may pursue their chosen work as guests of the American academic community at large.”43 Despite Flexner’s claims to paradise, Veblen’s mathematicians never quite regained the informal camaraderie that had permeated the computing shacks at Aberdeen or the early days of Fine Hall.

Flexner’s own tenure was short-lived. He started out determined to avoid “dull and increasingly frequent meetings of committees, groups, or the faculty itself. Once started, this tendency toward organization and formal consultation could never be stopped.”44 However, after a number of unwelcome decisions on his part, including two permanent appointments to the ill-fated School of Economics and Politics, the faculty held a series of meetings that bordered on revolt. Flexner resigned on October 9, 1939, and was replaced (bypassing any ambitions on the part of Veblen) by his understudy, Frank Aydelotte, a Louisville schoolteaching colleague who had become president of Swarthmore College (and an influential Quaker sympathizer), and who, by not belonging to either camp, was able to keep the scientists and the humanists in line.

Despite his lifelong support of scholarship, Flexner never claimed to belong to the club himself. “I, alas, have never been a scholar, for two years at the Johns Hopkins between 1884–1886 do not produce scholarship—though they do produce and did produce a reverence for it which I am now leaving in safe keeping with you,” he wrote when turning over the directorship to Aydelotte in 1939. Flexner was deeply hurt by the faculty rebellion that pushed him out. Von Neumann remained neutral, and never forgot that it was Flexner’s lifeline that had allowed him to stay in the United States. The feelings were reciprocal. “Flexner’s attitude towards Johnny was real fun to watch,” says Klári. “It was a mixture of an uncle towards a favorite nephew and a circus trainer showing off the magnificent tricks that his trained lion can do.”45

Aydelotte, who had been a trustee of the Institute from the beginning, presided with great diplomacy through World War II, granting leave to those, such as von Neumann, Veblen, and Morse, who were engaged in the war effort, while preserving a refuge for those who were not. “In these grim days when the lights are going out all over Europe and when such illumination as we have in the blackout is likely to come, figuratively as well as literally, from burning cities set on fire by incendiary bombs, some men might question the justification for the expenditure of funds on Humanistic Studies—on epigraphy and archaeology, on paleography and the history of art,” he reported in May 1941. He could not announce that the Institute was already engaged in behind-the-scenes support for work on atomic bombs, but he did announce the Institute’s unwavering support for “the critical study of that organized tradition which we call civilization and which it is the purpose of this war to preserve. We cannot, and in the long run will not, fight for what we do not understand.”46

Aydelotte was succeeded by J. Robert Oppenheimer in 1947, who presided until 1966. Whereas Flexner and Aydelotte had both been skilled teachers and educational administrators, but not scientists, Oppenheimer was both a first-rate scientist and a skilled administrator, as well as a connoisseur of history and art. The poet T. S. Eliot, who had been invited by Aydelotte and listed The Cocktail Party (1950) as his only “publication related to IAS residence,” arrived at Oppenheimer’s “intellectual hotel” as the first Director’s Visitor for the fall term of 1948.47

The School of Mathematics opened in 1933, followed by the School of Humanistic Studies in 1934 and the School of Economics and Politics in 1935. The School of Historical Studies (amalgamating the humanists and economists) was formed in 1949, and the School of Natural Sciences was formed as an offshoot from Mathematics in 1966. The School of Social Science was established in 1973. Every decade or so there had been an attempt to smuggle a biologist into the Institute, starting with J. B. S. Haldane in 1936. “Haldane was interested in the applications of mathematics to biological phenomena,” Veblen explained to Flexner, arguing that bringing in a biologist would not require starting another school. “The exact field to which he proposed to make the applications is genetics.” Haldane declined the invitation, saying that he “was going to Spain to help with the defense of Madrid against a gas attack threatened by German and Italian invaders.”48 Sixty years later, a temporary group in theoretical biology was established in 1999, and a permanent Center for Systems Biology in 2005.

Two different Institutes have managed to coexist. “One, which was adopted more by the historical school,” according to Deane Montgomery, “is that it’s a group of great scholars who occasionally communicate with the public and who have great thoughts. They tended more to think of it as a lifetime fellowship for themselves.” Veblen, adds Montgomery, “said he and Einstein and Weyl didn’t feel up to that.”49 The other Institute was the annually changing group of mostly young visitors at the beginning of their careers, interspersed with occasional established scholars taking a year off. Benoît Mandelbrot, who arrived at von Neumann’s invitation in the fall of 1953 to begin a study of word frequency distributions (sampling the occurrence of probably, sex, and Africa) that would lead to the field known as fractals, notes that the Institute “had a clear purpose and a rather strange structure in which to assemble people: heavenly bodies in residence, and then nobody, nobody, nobody, and then mostly young people. Now it has a much more balanced distribution in terms of age and fame.” Mandelbrot got along wonderfully with von Neumann, admiring how he “had accumulated a number of people who were not part of the Princeton pigeon holes,” while observing that among the visiting scholars, “everybody else had the dreadful feeling that this may be the best year of their life, so why wasn’t it more enjoyable?”50 The freedom from day-to-day responsibilities came at the expense of a pervasive and sometimes crippling expectation to do something remarkable with one’s year off.

Although it was Veblen who “conceived the whole project,” in the assessment of physicist P. A. M. Dirac, he remained in the background, as he had at the Proving Ground. In 1959, Oppenheimer wrote to Veblen asking permission to change the name of one of the Institute’s private roads, a small cul-de-sac that overlooked the Battlefield, from Portico to Veblen Lane. Oppenheimer’s notes record Veblen’s response: “Said no. Would rather wait until dead.”51 The road is named Veblen Circle today.

At the time of the founding of the IAS, mathematics was divided into two kingdoms: pure mathematics, and applied. With the arrival of von Neumann, the distinctions began to fall. “The School of Mathematics has a permanent establishment which is divided into three groups, one consisting of pure mathematics, one consisting of theoretical physicists, and one consisting of Professor von Neumann,” Freeman Dyson explained to a review committee in 1954.52

A third kingdom of mathematics was taking form. The first kingdom was the realm of mathematical abstractions alone. The second kingdom was the domain of numbers applied, under the guidance of mathematicians, to the real world. In the third kingdom, the digital universe, numbers would assume a life of their own.


FOUR

Neumann János

We are Martians who have come to Earth to change everything—and we are afraid we will not be so well received. So we try to keep it a secret, try to appear as Americans … but that we could not do, because of our accent. So we settled in a country nobody ever has heard about and now we are claiming to be Hungarians.

—Edward Teller, 1999

JOHN-LOUIS VON NEUMANN (Margittai Neumann János Lajos to his fellow Hungarians), the first child of Max Neumann and Margit (Gitta) Kann, was born in Budapest on December 28, 1903, the year that Oswald Veblen received his PhD. The nation of Hungary, the city of Budapest, and the von Neumann family were all on the ascent.

The establishment of the dual Austro-Hungarian monarchy in 1867 had brought an interlude of peace and prosperity, and a lifting of restrictions against Jews, to a country best known, according to Klári von Neumann, “for the gallantry of its men, the beauty of its women, and last, but not least, for its hopelessly unhappy and unlucky history.”1 When the towns of Buda and Pest, on opposite sides of the Danube, were amalgamated in 1873, the new Hungarian capital, now rivaling Vienna as the cultural and economic center of the Austro-Hungarian Empire, became the fastest-growing city in Europe. There were more than six hundred coffeehouses, three of the world’s most rigorous high schools, and the first subway system on the European continent in young Neumann János’s Budapest.

Max Neumann, born Neumann Miksa in 1873, grew up in Pécs, south of Budapest, and became a lawyer and investment banker specializing in the mix of technical knowledge and financial resources that drove Hungary’s modernization in the years before World War I. He married into the Jacob Kann family, whose Kann-Heller agricultural machinery supply business (originally a supplier of millstones and later a pioneer, similar to the American Sears-Roebuck, in direct sales) occupied the ground floor of a prominent building at 62 Váczi Ut in Budapest. Max and Margit moved into an eighteen-room apartment on the top floor, surrounded by Margit’s three sisters and their families, who occupied the remainder of the two upper floors, with a branch of the Heller family on the second floor below. Max commissioned a stained-glass window to commemorate his children, with John (born in 1903) symbolized by a rooster, Michael (born in 1907) symbolized by a cat, and Nicholas (born in 1911) symbolized by a hare. “When we visited Budapest for the first time in about 1983, it was still a Communist regime,” says Nicholas, “but the janitors happily and courteously received us, and the window was still there.”2

In 1913, Max was awarded a hereditary title by Emperor Franz Joseph, for “meritorious service in the financial field.” The family name was changed to Margittai Neumann, or von Neumann in Germanized form. After the death of Max in 1928, all three of his sons converted to Catholicism (“for sake of convenience, not conviction,” says Nicholas) and immigrated to the United States. Michael reverted to Neumann, while Nicholas adopted Vonneumann. John preserved von Neumann, while remaining simply “Jancsi” to his Hungarian, and “Johnny” to his American, friends.3

“There is no question that nobility, in 1913, was not the same kind of nobility which existed in the feudal ages,” explains Nicholas, who enlisted in the U.S. Army in 1942, followed by several years in the Office of Strategic Services (OSS) before settling down to a career in patent law. “Whether [my father] purchased it or not was also somewhat beside the point. It was a reward for achievements in the economic life of Hungary. It wasn’t the feudal age.” What was important, emphasizes Nicholas, is that “Father believed in the life of the mind.”4

Max installed a private library where John read voraciously while growing up, consuming Wilhelm Oncken’s forty-four-volume Allgemeine Geschichte in Einzeldarstellungen (General History) in its entirety, and citing it in detail, from memory, when asked. He studied the thousand-year span of the Byzantine Empire, a subject that remained with him even as his mathematical abilities evaporated at the end of his life. “Its power and organization fascinated him,” Stan Ulam recalls. According to Herman Goldstine, he “was able on once reading a book or article to quote it back verbatim,” even after a period of years. “On one occasion I tested his ability by asking him to tell me how the Tale of Two Cities started. Whereupon, without any pause, he immediately began to recite the first chapter and continued until asked to stop.”5

Von Neumann’s happy childhood stands in sharp contrast to the global conflicts that would dominate his adult life. Children wandered freely between the adjacent households, while the clouds of war gathered outside. “One of the games played by the children, this one under John’s leadership,” remembers Nicholas, “consisted of ‘battles’ drawn symbolically or abstractly on graph paper, with castles, highways, fortifications, etc., represented by filling in or connecting the squares of the graph paper. The aim was to demonstrate and practice ancient strategies. There was no emotional content in assigning the roles of the participants in the confrontation, or of the victors and the vanquished.”6 In both World War I and World War II, Hungary ended up on the losing side.

Preparation for the Hungarian gymnasium (or high school) began at home. The von Neumann children (and cousins) were attended by both French and German governesses, with private tutors for subjects including Italian, fencing, and chess. John became fluent in Latin, Greek, German, English, and French. During World War I the children learned English from two British nationals, Mr. Thompson and Mr. Blythe, who had been held as enemy aliens in Vienna, but who, with Max’s assistance, “had no difficulties in having their place of ‘internment’ officially moved to Budapest.”7

After the war, Hungary was governed for 133 days by the Communist regime of Béla Kun. “I am violently anti-communist,” von Neumann declared on his nomination to membership in the U.S. Atomic Energy Commission in 1955, “in particular since I had about a three-months taste of it in Hungary in 1919.”8 Thanks to Max’s influence, the family retained occupancy of their house, after escaping to the safety of a summer home on the Adriatic near Venice during the worst of the upheavals in Budapest. “Under the guiding principle of equal facilities to all, the big apartments were broken up,” remembers Nicholas, who was seven years old when a committee including a Communist Party official, a soldier of the regular army, and the janitor of the house arrived to administer the reallocation. “And on the piano under a weight, my father put a bundle of British pound notes, I don’t know how much,” says Nicholas. “The Communist official with the red armband promptly went there, took it, and the committee left and we remained in the apartment.”9

At mealtimes children were treated as adults. “It was still customary at that time for the entire family to gather for a relatively full and lengthy lunch, after which we returned to our respective job, work, or studies until dinner time,” Nicholas explains. Max entertained frequently at home, and according to Nicholas, “we got introduced to the ‘secrets’ of making business contacts and of management with executive powers in father’s banking house.”10 Max was shrewd but kind. Nicholas remembers when their chauffeur—who had been using their expensive French Renault on his own for unauthorized purposes—wrecked the car and expected to lose his job. Max said nothing, and arranged with the Renault dealer for a replacement and repairs.

Max believed in demonstrating practical examples of the industrial applications of finance. “If these activities involved financing of a newspaper enterprise, the discussion was about the printing press and he brought home and demonstrated samples of type,” says Nicholas. “Or if it was a textile enterprise, e.g., the ‘Hungaria Jacquard Textile Weaving Factory,’ the discussion centered around the Jacquard automatic loom. It probably does not take much imagination to trace this experience to John’s later interest in punched cards!”11

For a wealthy middle-class Jewish youth from Pécs to join the Hungarian nobility was unusual, but not unprecedented, in fin de siècle Budapest. A window of liberalization had opened following the 1867 Compromise with Austria, and closed with the rise of Béla Kun and the late-1919 counterrevolution, under Admiral Horthy, that brought in the “Numerus Clausus,” requiring that university enrollment reflect the composition of the general population, effectively returning to a quota against Jews entering academic and professional life. By that time, families such as the Kanns and Neumanns had been assimilated into the Hungarian upper class.

Unscathed by both the Red Terror of Béla Kun and the White Terror that followed, Max regained his position as a banker, joining the investment bank of Adolf Kohner and Sons. He opened doors to high and otherwise inaccessible places with the same ease and charm with which his son would later open the doors to power in the United States. “The essence of his philosophical, scientific, and humanitarian heritage was to do the impossible, that which was never done before,” says Nicholas of what John learned from their father Max. “His approach was doing not just what was never done before but what was considered as impossible to be done.”12

Hungarians had been facing the impossible for eleven hundred years, with few resources except a strategic location that had been occupied by the Roman, Ottoman, Russian, Holy Roman, Habsburg, Napoleonic French, Nazi German, and Soviet empires in turn. Von Neumann, according to Stan Ulam, credited Hungarian intellectual achievements to “a subconscious feeling of extreme insecurity in individuals, and the necessity of producing the unusual or facing extinction.”13 The Hungarian language, a branch of the Finno-Ugrian family incomprehensible to outsiders and closely related only to Finnish and Estonian, fortified Hungary against encroachment by its neighbors, while prompting Hungarian intellectuals to adopt German as a medium of exchange. To survive in a non-Hungarian-speaking world, Hungarians turned to the universal languages of music, mathematics, and the visual arts. Budapest, the city of bridges, produced a string of geniuses who bridged artistic and scientific gaps. In both mathematics and cinema it was said, “You don’t have to be Hungarian, but it helps.”

Von Neumann’s talents stood out, even in Budapest. “Johnny’s most characteristic trait was his boundless curiosity about everything and anything, his compulsive ambition to know, to understand any problem, no matter on what level,” Klári recalls. “Anything that would tickle his curiosity with a question mark, he could not leave alone; he would sulk, pout and be generally impossible until, at least to his own satisfaction, he had found the right answer.” He was able to disassemble any problem and then reassemble it in a way that rendered the answer obvious as a result. He had an ability, “perhaps somewhat rare among mathematicians,” explains Stan Ulam, “to commune with the physicists, understand their language, and to transform it almost instantly into a mathematician’s schemes and expressions. Then, after following the problems as such, he could translate them back into expressions in common use among physicists.”14

Any subject was fair game. “I refuse to accept however, the stupidity of the Stock Exchange boys, as an explanation of the trend of stocks,” he remarked to Ulam in 1939. “Those boys are stupid alright, but there must be an explanation of what happens, which makes no use of this fact.” This question led to his Theory of Games and Economic Behavior, written with Oskar Morgenstern during the war years, with von Neumann giving the project his diminishing spare time and Morgenstern contributing “the period of the most intensive work I’ve ever known.”15

“Johnny would get home in the evening after having zig-zagged through a number of meetings up and down the Coast,” Klári recalls. “As soon as he got in, he called Oskar and then they would spend the better half of the night writing the book.… This went on for nearly two years, with continuous interruptions of one kind or another. Sometimes they could not get together for a couple of weeks, but the moment Johnny got back, he was ready to pick up right where they stopped, as if nothing had happened since the last session.”16

After threats of cancellation by Princeton University Press over the manuscript’s escalating length, Theory of Games and Economic Behavior was finally published in 1944. Taking 673 pages to make their case, von Neumann and Morgenstern detailed how a reliable economy can be constructed out of unreliable parts, placing the foundations of economics, evolution, and intelligence on common mathematical ground. “Unifications of fields which were formerly divided and far apart,” they counseled in their introduction, “are rare and happen only after each field has been thoroughly explored.” Game theory was adopted first by military strategists, and the economists followed. Von Neumann “darted briefly into our domain,” commented mathematical economist Paul Samuelson, looking back after fifty years, “and it has never been the same since.”17

Klári remembers John being “as inept with his hands as he was adroit with his mind,” and as a chemistry student he was considered a danger to glassware in the lab. He was drawn to “impossible” questions—predicting the weather, understanding the brain, explaining the economy, constructing reliable computers from unreliable parts. “It was a matter of pride with him to consider the weightiest questions in the spirit of a simple puzzle,” says Klári, “as if he was challenging the world to give him any puzzle, any question, and then, with the stop-watch counting time, see how fast, how quickly and easily he could solve it.”18

Edward Teller believed that “if a mentally superhuman race ever develops, its members will resemble Johnny von Neumann,” crediting an inexplicable “neural superconductivity,” and adding that “if you enjoy thinking, your brain develops. And that is what von Neumann did. He enjoyed the functioning of his brain.”19 If there wasn’t anything to puzzle over, his attention wandered off. According to Herman Goldstine, “nothing was ever so complete as the indifference with which Johnny could listen to a topic or paper that he did not want to hear.”20

As a child, von Neumann was at the head of his class in mathematics, history, languages, and science—everything except music and sports. Even in his youth, Klári remembers, “he already gave the impression of someone roly-poly, not middle-aged flabby, but babyishly plump and round like a child’s drawing of the man on the moon.” He was nonathletic, but enjoyed walking. “We had to hike a long way in order to see the ‘Bear’s Bathtub,’ the ‘Bridal Veil’ in Yosemite, the ‘Devil’s Cauldron’ in Yellowstone, the ‘Devil’s Tower’ somewhere in the Dakotas,” reported Klári. “These and others with similar names were the spots that triggered his curiosity to the point where, on several occasions, we made detours of hundreds of miles by car and sometimes even walked several miles just because his curiosity was aroused by these fancy names.” He was attracted to stairs, and although “awkward at it … he liked to run upstairs two at a time,” remembers Cuthbert Hurd, who met von Neumann while at Oak Ridge during the Manhattan Project and later became director of computing at IBM.21

Klári tried to interest John in skiing, but after two or three attempts, “He very simply and without any rancor offered divorce.… If being married to a woman, no matter who she was, would mean that he had to slide around on two pieces of wood on some slick mountainside, he would definitely prefer to live alone and take his daily exercise, as he put it, ‘by getting in and out of a pleasantly warm bathtub.’ ”22

He rarely appeared without a suit and tie, a habit he attributed to being mistaken for a student when he arrived to teach at Princeton at the age of twenty-six, but otherwise relished the informalities of American life. “In addition to being a hard worker, Johnny seemed to be a bon vivant par excellence, always ready, for instance, for a wild drive to neighboring Spanish cafés in search of the peppery enchiladas he loved,” Françoise Ulam recalls, adding that “Stan thought they probably reminded him of Hungarian goulash!” According to Klári, he was intensely superstitious. “A drawer could not be opened unless it was pushed in and out seven times, the same with a light-switch, which also had to be flipped seven times before you could let it stay.”23

He evidenced “a chameleon-like ability to adapt to the people he was with,” remembers Herman Goldstine, and never claimed he could not explain something to someone who did not understand the math. “It was just like being out on glass, it was so smooth. He somehow knew exactly how to get you through the forest. Whenever he gave a lecture, it was so lucid, it was like magic, it all seemed so simple you didn’t need to take notes.” Nicholas remembers his brother returning to Budapest to deliver a lecture on quantum mechanics and giving a nontechnical summary to the extended family before his talk. “The light theories of Dirac are not easy to explain,” Nicholas points out.24

“The first thing that struck me about him were his eyes—brown, large, vivacious, and full of expression,” remembers Stan Ulam, who first met von Neumann in Warsaw in 1935. “His head was impressively large. He had a sort of waddling walk.” Ulam found him congenial, lighthearted, and “far from remote or forbidding,” but noted that “he was ill at ease with people who were self-made or came from modest backgrounds. He felt most comfortable with third- or fourth generation wealthy Jews.” Despite his sense of humor, “there seemed to be some sort of thin screen, or veil, a kind of restraint between him and others,” noted Colonel Vincent Ford, von Neumann’s attaché on the Air Force Strategic Missiles Evaluation Committee, and assistant while he was confined to Walter Reed Army Medical Center during the last year of his life. “He seemed to be a part of this world in one sense … and not a part of it in another.”25

The frontline engineers on the computing project, who were treated as warmly by von Neumann as they were treated coolly by the other professors at the IAS, were nonetheless intimidated when he visited them in the machine room or at the bench. “The likelihood of getting actual numerical results was very much larger if he was not in the computer room, because everybody got so nervous when he was there,” says Martin Schwarzschild. “But when you were in real thinking trouble, you would go to von Neumann and nobody else.”26

“We can all think clearly, more or less, some of the time,” says fellow Hungarian American mathematician Paul Halmos, “but von Neumann’s clarity of thought was orders of magnitude greater than that of most of us, all the time.” His was a calculating, logical intelligence, and “he admired, perhaps envied, people who had the complementary qualities, the flashes of irrational intuition that sometimes change the direction of scientific progress,” Halmos adds. “Perhaps the consciousness of animals is more shadowy than ours and perhaps their perceptions are always dreamlike,” physicist Eugene Wigner recalled in 1964. “On the opposite side, whenever I talked with von Neumann, I always had the impression that only he was fully awake.”27

Von Neumann compensated for these superhuman abilities with an earthy sense of humor and tireless social life, and tried, with mixed success, to blend in on a normal human scale. “You would tell him something garbled, and he’d say, ‘Oh, you mean the following,’ and it would come back beautifully stated,” says his former protégé Raoul Bott. “He couldn’t tell really very good people from less good people,” Bott adds. “I guess they all seemed so much slower.”28

In 1914, at age ten, von Neumann entered the Lutheran Gymnasium, one of Budapest’s three elite high schools that offered competing eight-year curricula and that supported a small group of serious mathematicians who combined teaching with original research. He drew the attention of the legendary mathematics teacher László Rátz, who, according to classmate (and future economist) William Fellner, “expressed to Johnny’s father the opinion that it would be nonsensical to teach Johnny school mathematics in the conventional way.” Rátz had a gift for identifying mathematical talent and encouraging it to grow. “How can you know that this precocious 10-year-old will someday become a great mathematician?,” asks Eugene Wigner. “You really cannot. Yet somehow Rátz did know this. And he knew it very quickly.”29

Under the guidance of Joseph Kürschák at the University of Budapest, and the private tutoring of Gabriel Szegö, Michael Fekete, and Leopold Fejér, as well as Rátz, John began serious training in mathematics at the age of thirteen. His first published paper was written (with Fekete as coauthor) at the age of seventeen, and by the time of his high school graduation in 1921, he was recognized as a mathematician of professional rank. Yet his father doubted that mathematics alone offered a viable career path.

Theodore von Kármán—the Hungarian aerodynamicist who established the Jet Propulsion Laboratory in Pasadena, built the first supersonic wind tunnel, assumed the first chairmanship of the Air Force Scientific Advisory Board, and “invented consulting,” according to von Neumann—remembers how “a well-known Budapest banker came to see me with his seventeen-year-old son.… He had an unusual request. He wanted me to dissuade young Johnny from becoming a mathematician. ‘Mathematics,’ he said, ‘does not make money.’ ”

“I talked with the boy,” von Kármán continues. “He was spectacular. At seventeen he was already involved in studying on his own the different concepts of infinity, which is one of the deepest problems of abstract mathematics.… I thought it would be a shame to influence him away from his natural bent.”30 A compromise was reached where von Neumann enrolled in the chemical engineering program at the Eidgenössische Technische Hochschule (ETH) in Zurich “to prepare him for what was then a reasonable profession,” while simultaneously enrolling as a student of mathematics at both the University of Berlin and the University of Budapest. For the next four years he divided his time between Zurich and Berlin, attending classes in chemistry while working independently in mathematics and returning to Budapest at the end of each term for examinations that he passed without attending class. He received his degree in chemical engineering from the ETH in Zurich in 1925, followed by his doctorate in mathematics from Budapest.

His thesis, on the axiomatization of set theory, was the result of work begun in his freshman year. Abraham Fraenkel, editor of the Journal für Mathematik in 1922–1923, remembers receiving “a long manuscript of an author unknown to me, Johann von Neumann, with the title ‘Die Axiomatisierung der Mengenlehre’ (‘The Axiomatization of Set Theory’). I don’t maintain that I understood everything, but enough to see that this was an outstanding work and to recognize ‘ex ungue leonem’ (the claw of the lion).”31 The paper was published in 1925 under the title “Eine Axiomatisierung der Mengenlehre” (“An Axiomatization of Set Theory”) and expanded in 1928 with the An changed back to The.

Axiomatization is the reduction of a subject to a minimal set of initial assumptions, sufficient to develop the subject fully without new assumptions having to be introduced along the way. The axiomatization of set theory formed the foundations, mathematically, of everything else. An ambitious previous attempt, by Bertrand Russell and Alfred North Whitehead, despite 1,984 pages extending across three volumes, still left fundamental questions unresolved. Von Neumann started fresh. “The conciseness of the system of axioms is surprising,” comments Stan Ulam. “The axioms take only a little more than one page of print. This is sufficient to build up practically all of the naive set theory and therewith all of modern mathematics … and the formal character of the reasoning employed seems to realize Hilbert’s goal of treating mathematics as a finite game.”32

The mathematical landscape of the early twentieth century was dominated by Göttingen’s David Hilbert, who believed that from a strictly limited set of axioms, all mathematical truths could be reached by a sequence of well-defined logical steps. Hilbert’s challenge, taken up by von Neumann, led directly both to Kurt Gödel’s results on the incompleteness of formal systems of 1931 and Alan Turing’s results on the existence of noncomputable functions (and universal computation) of 1936. Von Neumann set the stage for these two revolutions, but missed taking the decisive steps himself.

Gödel proved that within any formal system sufficiently powerful to include ordinary arithmetic, there will always be undecidable statements that cannot be proved true, yet cannot be proved false. Turing proved that within any formal (or mechanical) system, not only are there functions that can be given a finite description yet cannot be computed by any finite machine in a finite amount of time, but there is no definite method to distinguish computable from noncomputable functions in advance. That’s the bad news. The good news is that, as Leibniz suggested, we appear to live in the best of all possible worlds, where the computable functions make life predictable enough to be survivable, while the noncomputable functions make life (and mathematical truth) unpredictable enough to remain interesting, no matter how far computers continue to advance.

In his axiomatization of set theory, “one can divine the germ of von Neumann’s future interest in computing machines,” says Ulam, speaking with hindsight from 1958. “The economy of the treatment seems to indicate a more fundamental interest in brevity than in virtuosity for its own sake. It thereby helped prepare the grounds for an investigation of the limits of finite formalism by means of the concept of ‘machine.’ ”33

Von Neumann’s style was now set. He would approach a subject, identify the axioms that made it tick, and then, using those axioms, extend the subject beyond where it was when he showed up. “What made it possible for him to make so many contributions in so many different parts of mathematics?” asks Paul Halmos. “It was his genius at synthesizing and analyzing things. He could take large units, rings of operators, measures, continuous geometry, direct integrals, and express the unit in terms of infinitesimal little bits. And he could take infinitesimal little bits and put together large units with arbitrarily prescribed properties. That’s what Johnny could do, and what no one else could do as well.”34

Along with his doctorate in 1926—after an oral examination at which David Hilbert was reported to have asked a single question: “In all my years I have never seen such beautiful evening clothes: pray, who is the candidate’s tailor?”—von Neumann received a Rockefeller Fellowship to work with Hilbert at Göttingen, a lifeline from America at a time when positions in Europe were scarce.35 He published twenty-five papers in the next three years, including a 1928 paper on the theory of games (with its minimax theorem proving the existence of good strategies, for a wide class of competitions, at the saddle point between convex sets) as well as the book Mathematical Foundations of Quantum Mechanics, described by Klári as his “permanent passport to the world of science,” and, eighty years later, still in print. In 1927 he was appointed a Privatdozent (or associate professor) at the University of Berlin, and transferred to the University of Hamburg in 1929.

By this time Nazism was on the rise in Europe and depression was descending over the United States. Oswald Veblen was recruiting for the Princeton University mathematics department in preparation for the move to new quarters in Fine Hall, and, as Klári puts it, “in his search for talent he found Johnny … and used every means of persuading first the University, then the Institute, into appointing this young, relatively unknown Hungarian.”36 The initial invitation, from the university, was for a visiting lectureship to be shared with Eugene (Jeno) Wigner, with the two Hungarians dividing their time between Europe and the United States. To the gatekeepers at Princeton, half of two Hungarians was more acceptable than hiring one Hungarian full-time.

“One day I received a cable offering a visiting professorship at about eight times the salary which I had at the Institute of Technology in Berlin,” Wigner recalls. “I thought this was an error in transmission. John von Neumann received the same cable, so we decided that maybe it was true, and we accepted.” The pay was $3,000 for the semester, with $1,000 for travel—a small fortune at the time.

Newly married to Mariette Kovesi, the daughter of a prominent physician who was the director of the Jewish Hospital of Budapest, von Neumann arrived in Princeton in February of 1930 and, according to Wigner, “felt at home in America from the first day.” Upon arrival in New York City, Wigner (then Wigner Jeno) and von Neumann “agreed that we should try to become somewhat American: that he would call himself ‘Johnny’ von Neumann, while I would be ‘Eugene’ Wigner.”37

Von Neumann received a permanent appointment to Princeton University in 1931. “Johnny was among the very early birds to leave,” says Klári, “voluntarily resigning his excellent academic position long before the Nazis had the power to force him out.” His decision was made on economic as well as political grounds. “The economical crisis in Germany is very acute now,” he wrote to Veblen in January of 1931, “and as people do not like to be alone in their miseries, there is much talk about the bad state of things in America. Is anything of this kind true?”38

In January of 1933 (using funds that had been earmarked for an indecisive Hermann Weyl), Abraham Flexner offered von Neumann a professorship at the Institute, where he joined Oswald Veblen, Albert Einstein, and James Alexander, who were already settled in Fine Hall, the Institute’s interim home. The starting salary was $10,000 (higher than at the university), with benefits that included help with purchasing a house (or building one on Institute land that was being subdivided along Battle Road at the edge of Olden Farm). The Institute term, beginning in October and ending by early May, left time for a return to Europe for the summer months. The Flexners had a summer retreat at Magnetawan, two hundred miles north of Toronto, in the Canadian woods, and the Veblens had theirs in Maine. Einstein spent summers sailing on Long Island Sound, and Alexander, a passionate mountaineer who had soloed Alexander’s Chimney on the East Face of Long’s Peak in Colorado in 1922, spent his summers in the American West.

In the spring of 1933 the Nazis began dismissing Jewish professors from German universities, and von Neumann resigned his position in Berlin, followed by his membership in the German Mathematical Society in January of 1935. “He, more than anyone I know,” adds Klári, “took it as a most personal affront that any nation, group of people, or individuals, could possibly prefer the base and unsophisticated philosophy of Nazism or any other ‘ism’ to such minds as Einstein, Hermann Weyl, Wolfgang Pauli, Schrödinger and many, many others including, last but not least, himself.”39

According to Klári, “during the Thirties Johnny had criss-crossed the Atlantic at least twenty times,” until the doors closed in 1939. “There is not much happening here except that people begin to be extremely proud in Hungary, about the ability of this country to run its revolutions and counter-revolutions in a much smoother and more civilized way than Germany,” he reported to Veblen in April of 1933 from Budapest. “I did not hear anything about changes or expulsions in Berlin, but it seems that the ‘purification’ of universities has only reached till now Frankfurt, Göttingen, Marburg, Jena, Halle, Kiel, Königsberg—and the other 20 will certainly follow.”40 A line began to form at the exit toward the United States. The emergency Immigration Restriction Act of 1921 and the National Origins scheme of the Reed-Johnson Act of 1924 limited immigrants from Hungary to an annual total of only 869. Exemptions were available to teachers or professors with full-time appointments, but full-time appointments were in short supply even for those already in the United States.
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