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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. This 32-by-32-by-40-bit nucleus contained 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 an unbounded 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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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 kilo-bytes 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
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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 Spring-dale 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.
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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 Laxdæla 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
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