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To my Parents, Rosalyn and Michael, and to Stanley Goldberg (1934–96)



Prologue


“Call it a war”

If we are really well armed the Reds will not force a world war on us.

—Vannevar Bush

For these men the war had never ended.

On a quiet Monday night in Washington, D.C., Dwight Eisenhower, Carl Spaatz and Chester Nimitz, the chiefs of the world’s strongest military power, slipped into the Carlton Hotel for a private party. Joining them were their civilian bosses, Navy Secretary James Forrestal and Army Secretary Robert Patterson.

It was January 20, 1947. The hot fight against the Germans and the Japanese had given way to an insecure world, in which U.S. atomic bombs symbolized the nation’s unsurpassed military and industrial strength but did not guarantee peace.

No one knew when a new world war might come. But if it did—no, when it did—the old soldiers dining in the Carlton Hotel knew they must have more than God and Capitalism on their side. They must have Technology, too.

Make no mistake: the outcome of war was now decided, as much as anything, by a nation’s scientific and engineering wizards. This was the lesson of World War II. The laboratory, as much as the factory, proved to be the great arsenal of democracy. Radar. Missiles. Radio-controlled fuzes. Mass-produced penicillin. The atomic bomb. Never had a nation at war harvested the knowledge and inventiveness of its people on such a grand scale. Never had scientists and engineers so altered the face of battle.

And never had any army or navy relied so heavily on civilians to make the basic tools of war—and form the very strategies and tactics of battle.

Their great contribution was not lost on the scientists and engineers, whose leaders were also in attendance that evening at the Carlton. Success, even a measure of celebrity, had altered their perspective. Once these self-styled eggheads had had to beg the military to consider their advice. Now they demanded an equal say over the strategy, tactics and technologies of war, and they openly worried that the technological naivete of hidebound generals and admirals posed a grave danger to the nation. At times, these new technocrats talked as if they would be satisfied with merely directing their well-funded labs. But at other times they talked as if they would settle for nothing less than control of the military’s lifeblood, the new weapons that poured from America’s nascent military-industrial complex.

How life had changed. Barely five years before, in the hectic weeks following Pearl Harbor, the military virtually ignored technology and took for granted that the weapons of the last war would determine the victors of the new one. Officers treated scientists and engineers as mere hired hands or, worse, useless dreamers. But after the success of radar, the proximity fuze and—most dramatically—the atomic bombing of Hiroshima, the military gave star treatment to its researchers. Scrambling to keep up, the military assembled its own cadres of technocrats.



The officers, service secretaries and about 30 other government insiders had a special reason for attending a black-tie affair at the Carlton. They were marking the official closure of the Office of Scientific Research and Development, the legendary war agency that had quietly overseen the creation of many of the powerful weapons unleashed during World War II. Beyond respectfully burying the OSRD, these bigwigs planned to celebrate the partnership between the Armed Services and the nation’s top civilian researchers. The OSRD had bankrolled thousands of these researchers during the war and then pressured a skeptical military into using their most compelling innovations.

The OSRD had been winding down for two years now, but it still cast a large shadow over military research. And that was largely because of the vitality of the agency’s longtime chief, Vannevar Bush, the official master of ceremonies for the evening’s festivities.1

Friends called him “Van” because, he joked, they could not pronounce properly his full first name (it rhymed with beaver). Many acquaintances simply called him “Dr. Bush.” At the age of 57, he personified military research in America and was the most politically powerful inventor in America since Benjamin Franklin. Among the most influential 20th-century Americans, he had played a crucial role in the Allied victory in World War II. During the war, one popular magazine began a profile of Bush with the simple introduction: “Meet the man who may win or lose the war.”2

A gifted mathematician and electrical engineer, Bush came from a peculiarly American line of can-do engineers and tinkerers, a line beginning with Franklin and including Eli Whitney, Alexander Bell, Edison and the Wright brothers. Born in 1890, during a tidal wave of American ingenuity, Bush tinkered with gadgets as a boy, cofounded a radio-tube company as a young professor and designed the world’s most powerful mechanical calculators in the 1930s, laying the groundwork for the advent of the digital computer and the information revolution made possible by this machine. During World War II, he advised President Roosevelt on science and technology and organized the successful effort to build the first atomic bomb, popularly known as the Manhattan Project. Bush joined in the decision to drop the A-bombs even as he warned that the U.S. couldn’t sustain for long its atomic “monopoly” and that an arms race was likely. While unapologetic over the A-bomb attacks, he secretly tried to halt the first test of a hydrogen bomb and, after failing to do so, claimed that “history will show” that H-bomb advocates “have a great deal to answer for” in sending humanity into “a grim world.”3

World War II was Bush’s shining moment. Just as Franklin had seized the Revolutionary Era to enter the public sphere with all the energy and accomplishment of the can-doer, so did Bush grab on to the birth event of the American Century. Despite his technocratic garb, Bush’s preoccupation was politics. He balanced the demands of contending scientific factions and handled relations with the military, the Congress and the president. By his own admission, he “was engaged in the political aspect of it more than anything else.”

While his influence reached its zenith during the war, he remained an influential personality in postwar America. In 1945, he published two landmark essays that expressed a stunning vision of a future in which technology would serve humanity’s highest intellectual and political ends. The first essay, “As We May Think,” predicted that new technologies would someday deliver an unprecedented ability to receive and manage information, thus improving the quality of life in untold ways. His words contained the germ of what would become the Internet and won him a posthumous reputation as the sage of cyberspace. The second essay, Science—The Endless Frontier, skillfully equated scientific and technical progress with national health—and convincingly made the argument that government must finance independent researchers at levels far above those seen before the war.

To the public, Bush was the patron saint of American science, “one of the most important men in America.” He was a wise, dollar-a-year man who helped to keep the country on the track, courtesy of his employer, Carnegie Institution of Washington. When Time put Bush on its cover in 1944, the magazine dubbed him the “general of physics.” Hollywood cast him as a shrewd hero in a movie celebrating the making the atomic bomb. Every college president in the country knew him intimately, or wished he did. Even the Average Joe could find common cause with Bush, whose zeal for tinkering in his personal workshop drew acclaim from Popular Mechanics magazine and Edward R. Murrow’s television show.4

Though coveting his celebrity, Bush was never entirely comfortable with his public image. He sometimes bristled at being called a scientist, concerned that the achievements of engineers were overlooked. He repeatedly sought ways to limit the military’s sway over national security and science, yet led the drive to link soldiers, scientists and industry. He celebrated the superiority of democracy over dictatorship, yet carped about the peril of an America weakened by partisan politics, rampant consumerism and shallow entertainment. Even as he extolled the virtues of self-reliance, he worried that the American emphasis on individualism might leave it vulnerable to totalitarian rivals whose regimentation led to greater efficiencies.



To escape from these paradoxes, Bush believed Americans should freely give public-spirited experts ultimate authority over the nation’s security. He ranked the engineer as first among equals, a sort of super-citizen who could master virtually every activity essential to the smooth functioning of a modern nation. What distinguished the engineer from other experts was his breadth. Bush saw the engineer as a pragmatic polymath; the engineer, he once wrote, “was not primarily a physicist, or a business man, or an inventor but [someone] who would acquire some of the skills and knowledge of each of these and be capable of successfully developing and applying new devices on the grand scale.”5

This realization that the engineer was the engine of 20th-century capitalism qualified Bush as the godfather of high technology and a leading proponent of industrial vitality through innovation, not intrigue. He cofounded one company and inspired many others that formed the nucleus of the “Route 128” high-tech cluster near Boston. One of his students, Frederick Terman, used Bush’s ideas about academic-industry collaboration in order to spawn Silicon Valley in California. Bush’s keen appreciation of the value of entrepreneurs, especially in technical industries, made him a lonely advocate for economic dynamism after the war when most economists welcomed the concurrent rise of big business and big government. At midcentury, he was among the few who realized the curative power of new ventures. The best way to limit monopoly economic power, he insisted, was through “the advent of small new industrial units, for if these latter have half a chance they can cut rings around the great stodgy concern.”6

Such contrarian views made Bush a divisive figure. His personality didn’t always help either. His philosopher-king aura smacked of arrogance, even meanness to some. He struck his critics as imperious, intimidating and at times even a bully who harbored “a relentless, perhaps insatiable, drive for power.” Still he had redeeming qualities. His wit and charm prompted comparisons with the folksy Will Rogers. His intelligence, vitality and candor impressed many. He enjoyed a good tussle, refused to back down from anyone and, when opposed, could explode in anger. He rubbed people in authority the wrong way, but he was principled about it. He felt he never angered anyone without good reason. Aware that his penchant for battle cost him good will, he still never shied away from a fight, and he took as much ground as his opponents ceded. “My whole philosophy . . . is very simple,” he told a few generals during the war. “If I have any doubt as to whether I am supposed to do a job or not, I do it, and if someone socks me, I lay off.”7



That night at the Carlton, Bush looked as if he had never laid off for very long. Standing two inches under six feet tall, he weighed 150 pounds and looked lean in a dark three-piece suit. With blue eyes twinkling, his leathery face sported a sly grin. A shock of his hair, once black and now graying, refused to lie down. He insistently puffed on a pipe he had carved himself. His wire-rim spectacles sounded the only wrong note, making him look less of a fighter and more of an egghead. But he rarely took off his glasses outside of his home. When he did, he revealed deeply set, dark eyes. His voice was gruff and gravelly. He spoke in the manner of an earlier New Englander, saying “patt’n” for pattern and describing an upper respiratory illness as the “grippe.”

From the start, the evening bore Bush’s stamp: the festivities were funny and serious, intelligent yet gritty. Months in the planning, the OSRD celebration was meant to evoke the shadowy, arcane and sometimes bizarre world of military research. It was a world in which military men often asked for what was technically impossible, and researchers displayed shocking naivete about battlefield conditions. Sometimes both sides accepted the same script, but it might be cockeyed—like the time they planned to round up thousands of bats, paint their legs with phosphorus and drop them over Japanese cities in order to make night-bombing more accurate.8

“The military men were delighted to come to the party,” recalled one junior official who had helped to organize the event. “They all wanted to show their appreciation to the scientists for the help they’d received in the war. And they wanted to kid with the scientists about some of their failures, while the scientists wanted to kid the brass about their attitudes.”

On arriving at the Carlton, each guest was handed a set of orders marked, not “Secret,” but “Unmentionable.” Some were also given genuine U.S. patents covering real weapons, while others received descriptions of fanciful contraptions. Later, scientists rose and asked military officers why these weapons were being ignored. One weapon was a plow that could change into a gun at the push of a lever. Another was a device that could instantly cause a ship to change direction, thus avoiding collisions.

Then Bush took over again. He read aloud a playful message from President Truman naming him commander of an operation codenamed “Payoff.” That got a laugh from the generals. Then he teased some of his closest wartime associates in attendance: Harvard’s president, James Conant, seated beside Forrestal; MIT’s president, Karl T. Compton, who sat next to Spaatz; and Julius Furer, Bush’s staunchest wartime ally in the Navy.

“The old town isn’t what it used to be,” Bush finally quipped. “The corridors where once tramped the embattled scientists are empty.

“The time has come,” he said, “to call it a war and quit—to mark fittingly the end of a great adventure.” He then added: “But not really to quit, to shift the emphasis.”

Bush saluted his comrades as “a sturdy group that gathered in the dangerous days.” Their camaraderie, “forged in the heat of Washington,” should be treasured, he said.

He still wasn’t finished, though. Next he handed out trophies, honorary degrees and diplomas. When he was finished, Admiral Nimitz took the floor. Decked out in his Navy uniform, Nimitz launched into a presidential nominating speech. For whom, it was not clear. Conant and Ike squirmed. Both had been named in the press as being made of presidential timber, and they worried that Nimitz might be lampooning them. Instead the old sailor nominated Bush. The host tried to show his embarrassment by crawling under a table.

The entertainment was a hit. Forrestal had planned to leave at 9:00 P.M., but stayed until midnight. His aide John Connor, who had served as OSRD’s legal counsel for a time, considered it “a hilarious evening. The whole thing was carried off beautifully.” Furer, the Navy’s top research officer in the war, considered it a “perfect” party. Newton Richards, OSRD’s medical chief, thought the “privilege of sitting down with Eisenhower, of chatting with Nimitz and Spaatz made [for] an unforgettable experience.” Harvey Bundy, the War Department’s liaison to Bush on atomic and other matters, believed he had “never attended a party where there was a greater sense of fellowship and friendliness.” Only Eisenhower, who retired with indigestion, seemed less than elated.

All in all, the evening was an apt symbol of the partnerships between science and the military, technology and national security. These partnerships, forged by a shooting war, were now sustained by hopes and fears, dreams and nightmares.

Yet appearances were deceiving. Below the surface fellowship between soldiers and civilians lay profound differences regarding the most pressing problem of the age: how best to keep the military’s technical edge and so secure the nation against its enemies? The question had spawned a contest between America’s mightiest thinkers and actors. And at a crucial time, Bush stood in the eye of this storm.



On his death in 1974 The New York Times honored Bush with a front-page obituary, calling him “the engineer who marshalled American technology for World War II and ushered in the atomic age.” Jerome Wiesner, science adviser to President Kennedy, judged Bush’s influence on American science and technology so great that “the 20th century may yet not produce his equal.”

A half-century after the peak of his power, Bush is virtually forgotten, recalled most often as a pioneer in computing and a prophet of the Information Age. His relative obscurity might please him. He refused to write a true memoir, complaining that the exercise would invariably produce “some kind of a fake story.” He boasted, meanwhile, that any biographer interested in him would soon give up. “I hope nobody’ll ever write a biography of me, because I think it probably would be terrible,” he said. What bothered him most was how some biographers luridly analyzed their subject, while giving short shrift to the significant events of his life. “I don’t have much use for biographers, is my trouble. There are so few really good ones.” He added: “The thing I do like is the story of a man’s involvement with something important.”9

Acts of importance were the measure of Bush’s life, and they are the reason his life deserves study today. His was a political life, wrapped in the enigma of science and invention. An apostle of expertise, he transcended the labels of “liberal” or “conservative” and pursued the progressive ideal of public betterment through the private efforts of people of good will and merit. His own life neatly charted the shift of America from small town to big city, from isolationist to globalist, from weak military power to the world’s strongest, from a nation dominated by generalists to one managed by specialists.10

In an age of complexity, Bush’s habits of mind transcended easy categorization and prefigured the postmodern embrace of contradictions. He was a contrarian, skeptical of easy solutions yet willing to tackle tough problems without a compass. He looked askance at social status based on wealth, but fervently believed that mass opinion should be directed by a “natural aristocracy” of meritorious Americans. He was a pragmatist who thought that knowledge arose from a physical encounter with a stubborn reality. The mathematician Norbert Wiener called him “one of the greatest apparatus men that America has ever seen—he thinks with his hands as well as with his brain.” Despite being drenched in a world of particulars, Bush was ultimately a moral thinker whose grand themes were individual self-reliance, democracy with a small d and the absolute necessity for thinking men and women to build—with the help of technology—meaningful patterns from the confusing buzz of facts, ideas and emotions that compose the discourse of any era.11

Suspicious of big institutions, whether run by public servants, the military or corporations, Bush objected to the pernicious effects of an increasingly bureaucratized society and the potential for mass mediocrity long before such complaints became conventional wisdom. Yet by institutionalizing the creation of new and ever-more-dangerous weapons of mass destruction, Bush helped to rob the individual of a measure of control over his own destiny by giving an impersonal government ultimate power over a people’s very survival.

Bush knew his legacy to be contradictory. By marrying the intellectual resources of an ascendant community of technologists to the bureaucratic imperatives of a security-obsessed state, he had helped create a world in which efficiency triumphed over humanity, raw power trumped compassion and reason mocked sanity. In the end, he felt isolated from this new world yet could not repudiate it. His great failure and his enduring triumph was his realization that the course of modern history would be shaped by large hierarchical institutions, making plans and settling scores behind closed doors, working best when insulated from public opinion. That these institutions lost their energy and legitimacy as the 20th century waned would not have surprised Bush. Whether overseeing the creation of the atomic bomb or lobbying to fund “pure” research without utilitarian purpose, he believed the beleaguered individual was still of paramount importance.

“The individual to me is everything,” he wrote on the eve of World War II. “I would circumscribe him just as little as possible.” In the murderous years that followed, he never lost his faith in the power of one.12



Part One


The Education of an Engineer




Chapter 1


“The sea was all around”

(1890–1909)

When I was young I could follow an underground stream, in Provincetown on Cape Cod where I spent much of my youth, with assurance and precision. It flowed out of a pond a mile back, traversed part of the town, flowed under our house, and finally emerged below high water mark.

—Vannevar Bush

Richard Perry Bush, a short man wearing a tall silk hat, was on his way home from a funeral. If he didn’t like funerals, it didn’t show. He officiated at two, sometimes three funerals a week in Chelsea, an industrial city near Boston. In the 1890s Chelsea was a place where old Americans and new immigrants collided. As he walked down Broadway, Chelsea’s main avenue, friends and well-wishers hailed him. It seemed he couldn’t go more than a few feet without seeing someone he knew. He brought a sunny outlook to life, which was probably why he was in such demand for funerals. He seemed always ready to speak a comforting word. A tolerant and civic-minded minister, he had a sense of poetry, yet was practical and no pushover. A fellow minister said, “His manliness was his power.”1

Perry wore a moustache and long sideburns. He had narrow, dark hooded eyes, a small mouth, a broad, sharp nose and coarse hair strenuously parted near the middle of his head. He was born in 1855 in Provincetown, a scenic but declining fishing and trading center at the tip of Cape Cod, smack on the Atlantic Ocean. The Pilgrims had first stopped at the tip of the cape in 1620 before forming a permanent settlement in Plymouth. Fishing drew the Pilgrims back to the tip each year, and Provincetown was incorporated in 1727. By the Revolutionary War, however, it had just 205 inhabitants and 36 families.

Though isolated, Provincetown seemed to give its residents a window on the world. From High Pole Hill in town, some thought they could see the whole world. Visiting Provincetown about the time of Perry’s birth, Henry Thoreau wrote that the “dry land itself came through and out of the water in its way to the heavens.”2

As a boy in Provincetown, Perry felt “the sea was all around [him]. It was his playmate. It was his inspiration. Something of the moods of the sea were always with him.” The sea had sustained his ancestors for as far back as he knew. His father, also Richard Perry, was a sea captain whose own ancestors (and those of his wife) stretching back six generations were among Massachusetts’ earliest settlers, well established a century before the American Revolution. Most of this self-reliant crowd earned their living from the sea: traveling to Africa, South America and other exotic ports of call; whaling; trading; bankrolling the voyages of others. The elder Richard, born in 1828 and also raised in Provincetown, went to sea at an early age. In his prime he commanded both fishing and cargo vessels, “winning for himself a high reputation for uprightness and attention to business.”3

The vagaries of the seafaring trade meant the Bush family was comfortable but not wealthy. Perry sailed as a cook on a fishing boat at the age of 14, just four years after the Civil War. He did not aspire to a life at sea, however. He was smitten instead with religious feeling, though he turned his back on his parents’ strict Methodist creed. Such religious rifts were common in Provincetown. When Methodism first attracted some residents in the 1790s and they began to build a church, rival faiths were jealous. A mob tore down the frame of the building, built a bonfire with the wood and burned an effigy of the Methodist preacher.

Perry was drawn to a cooler, more temporal spirituality, yet one that was still muscular. His religious journey, however, took him away from Provincetown. Bent on becoming a minister, he attended Tufts College, an academically rigorous school in Medford, Massachusetts, founded by the liberal Universalist faith. A boyhood friend named John Vannevar joined Perry at Tufts, making the break with his family easier.

It took courage for Perry to leave his family and strike out on his own. “I left my home while yet a boy to seek my fortune in the world,” he later recalled. “Going out from home I lost the tie that might have bound me” to family traditions. It also meant fending more for himself. To help pay his school bills, Perry supplied wealthier students with coal for the stoves in their rooms. He carried the fuel himself, sometimes climbing three flights of stairs to make a delivery, the coal on his back.4

In 1879, Perry graduated from the divinity school and then moved to the nearby town of Everett, where he spent 13 years as a pastor. Building a life with little family help gave him “a lot of sympathy for anybody struggling with any kind of difficulty.” In 1892, he went to Chelsea, becoming the pastor of the Church of the Redeemer, a 50-year-old Universalist church. Perry arrived at his new post with his wife, Emma Linwood Paine, the daughter of a prominent Provincetown family and the mother of their three children. Edith, the oldest, was ten. Reba was five. The third and youngest child was a one-year-old boy. Born on March 11, 1890, the boy was named Vannevar, after Perry’s lifelong pal.5



In Chelsea, Perry quickly emerged as a civic leader. “A man of strong convictions, he had a remarkable power for making friends.” His religious convictions helped. Universalism, a Protestant offshoot with affinities to the Deism of Thomas Jefferson and other revolutionary-era figures, held that all men will be saved, no matter what their earthly actions. The faith flourished in 18th-century England, then spread to the colonies. By the late 19th century, Universalists espoused a belief in a single God and rejected the idea of Christ’s divinity and the Trinity. Adherents possessed an ecumenical spirit rare for the times and an appetite for social action. Perry himself “was always loyal to his church, but mankind was more important than any church, and when he was called upon to help he never stopped to ask as to a man’s creed, or race, or color, but only as to his need and the way in which he might be comforted or helped.”6

Perry’s Universalist creed made him sensitive to the swift and unsettling changes occurring in his city of 40,000. Through the Civil War, Chelsea remained largely rural and was dominated by a few landowners. Its people intensely supported the Yankees in the conflict, sending 1,000 men into battle by the time of Lee’s surrender. After the war, Chelsea emerged as a summer resort, catering to wealthy Bostonians and gaining a reputation as perhaps the poshest of Boston’s suburbs. But in the last third of the century Chelsea’s population quadrupled, and business, attracted by the easy connections to Boston proper, thrived. By 1880, 150 manufacturing firms were located in the city. Within a decade, the number had doubled and business investment had quadrupled.7

The boom drastically changed the character of Chelsea. Many of those wishing larger residences had moved to Brookline, Newton and other nearby towns. By the turn of the century, thousands of immigrants had taken their places, prompting one oldtimer to moan: “How was it possible for a city of wealth, with a population of ten to fifteen thousand, to change in so short a time to a business and manufacturing community with a population of forty thousand, including ten thousand Hebrews?”

Some of the old stock remained, of course. Perry himself lived in the middle-class Irish and Yankee part of Chelsea, located across the Boston & Albany and Boston & Maine railroad tracks from Jewish immigrants and impoverished newcomers. He did not retreat into his besieged Anglo-Saxon world but rather saw Chelsea’s social upheaval as an opportunity to break down ethnic and religious walls. He mixed with all kinds. With a local priest, he campaigned to “tame” the city’s saloonkeepers. He regularly exchanged pulpits with a rabbi. And Perry’s interests weren’t always so lofty. He was a sharp pool player and knew his way around the city’s seamy side. No teetotaler, he once forbade a friend to indulge in alcohol even as he swigged a drink (on the presumption, apparently well-grounded, that the friend couldn’t hold his liquor). And he didn’t browbeat his parishioners, but sometimes won them over through guile. Once asked by a mother to counsel her wayward son, Perry gained the boy’s respect by beating him at a game of billiards.8



Chelsea’s schools gave Perry the means to satisfy his desire for social betterment. For 27 years, he served on the city’s school committee, helping to manage the ballooning enrollment, which rose by 50 percent in the ten years beginning in 1895. Perry also supported progressive education, taking the unusual step in 1900 of teaching English to foreign-language students from the ages of 10 to 14. Within six years, the program had grown from one class of 25 pupils to four classes with a total of 100 students. “The school is a beehive,” the committee wrote in its annual report of 1906. “Nowhere else in the city is found greater intensity of interest on the part of the pupils, or more heart or grateful response to the demands of the teachers.”

In general, the quality of the city’s teachers was a source of pride. Perry and his fellow board members insured high standards by not allowing “political influence” to contaminate hiring practices. “In no city in the state, perhaps, has this evil been so thoroughly eradicated as here,” The Chelsea Gazette wrote in 1908.

Perry was an active Mason, reputed to have achieved “literary” success on the strength of his Masonic writings, which one admirer claimed were “accepted as authority in this country and many parts of Europe.” He also wrote poetry, usually devoted to spiritual themes. The writing was passionate, but didactic and usually lacking in lyricism. Son Vannevar once confessed, “I fear that my father was not much of a poet.”9

But Perry could make a point. In “Fame,” for instance, he suggested the folly of worldly achievement:

And so I thought, it is in life:

We write in snow on walls of Fame,

But other snows come drifting fast

And for a while another’s name

Gleams out before the gaze of men,

All bright and flowing for a day;

Then it in turn is lost to sight,

In turn to others it gives way.

Sometimes, Perry’s verse lapsed into sentimentality. In “Children’s Sunday,” he wrote:

Hail once more this happy Sabbath,

Gladdest day in all the year;

When about the holy altar,

Children fair in joy appear.

Little ones, we love them dearly,

Stars they are in earth’s dark night;

Angels sent to us from heaven,

Bearing messages of light.

These verses were designed to succor the downhearted, commemorate friends and colleagues, uplift spirits and fix minds on the promise of a better day. Perry was an optimist. He saw life as a challenge to be met and overcome; a game to be won. In “Four Pictures of Life,” Perry brooded about man’s predicament, taking a youth through the “happy time” of hope, the “awful barrier” of destiny, the “tears and white-robed Sorrow” of despair. But the final phase he baldly described as “Victory,” when “the storm that beat upon our youth is gone.” The “fire” of adversity “purifies” the nature of youth, giving birth to a “manly strength.”

And man—not youth—against the wrong hath striven

Despair lies vanquished at the feet of Love,

And Faith proclaims the victory of Heaven.10

Perry’s ornamented poems seemed almost understated compared to his arcane speeches. He was in demand as a dinner speaker at Masonic gatherings and once gave the keynote address at a ceremony attended by President Teddy Roosevelt. The occasion was the groundbreaking for the Pilgrim Memorial Monument in August 1907. Perry toasted the Pilgrims who “dared and died for principle” and declared, “We hold it as our conviction that when they went forth from England it was in obedience to a heavenly vision and a divine command.” He went on to toast his country (for its “amalgamation of all races and peoples leavened by the spirit of the Pilgrim, the Puritan and the Virginian cavalier”) and then Roosevelt. Any U.S. president was “exalted above every other potentate of earth,” but the sitting president stood alone. “Never since the birth of our Republic [did a president have] so strong a hold upon the confidence and respect of the American people as the present incumbent of the Presidential chair.”11

Perry frequently lectured on secular subjects for a fee, waxing philosophical about camaraderie and country. He was a liberal, but believed in frankly admitting the differences between people, not simply hiding them. “I want no man to tolerate me and I do not tolerate any man,” he once said. “The word tolerate has no place in [Masonry] because when we enter the Lodge room we put aside our differences and creeds and meet upon a common basis. No—I believe in brotherhood but I do not believe in toleration. I believe in equality of man with man, in manly fashion.” While sympathetic to progressive values, Perry was suspicious of “do-gooders.” Once on a visit to Niagara Falls, he impressed his son by angrily replying to the suggestion of another tourist that water from the falls not be diverted for electric power. Perry countered that doing so spared people from working as miners. (The encounter impressed Vannevar, who grew up thinking that do-gooders “often pose a holier than thou attitude which is maddening.”)12

Of all Perry’s fascinations, Freemasonry was probably the oddest. His own father and grandfather were Masons, and he frequently discoursed on the oddities of the sect’s rites and history. As a youth he strayed from Masonry, he admitted, but he returned to the fold and held fast to his allegiance: “Early in my career as a Mason, I think, I doubted somewhat the antiquity of the institution. There are some inconsistencies in our ritual; but, as I have looked into the archives, as I have had a little of access to the lore of our Craft, I am more than convinced that we are the lineal descendants of the dusty sons of old Egypt of long, long before the Christian era.”

The mysteries of Masonry might seem strange to others, he allowed, but faith always inspired unusual rituals:

Always man has worshipped; instinctively the knee is bent and the face is turned towards the blue arch. The heart naturally bows in prayer. But we cannot worship in abstractions; we must have forms, and symbols; and men have sought out these from the rudest carving of the idol-maker to the grandeur and magnificence of the modern Lodge-room, and of cathedrals. So it was that, as we traced the architecture, we traced also the history of building; and out of that history we find what brought forth Masonry, as also, what brought forth the church.13

To later ears, Perry’s speeches would seem flowery, almost overwrought. But contemporaries found “his language was choice and his thought was always presented with a clearness and force, a simplicity and conviction that ranked him as one of the most delightful and eloquent speakers of his time.” The secret to his patter, he said, was careful planning. One should never start a speech, he advised, “unless you clearly have in mind the sentence with which you are going to conclude.”

A good speaker, though, still must think on his feet. “When you are making a speech your mind is in three parts,” Perry once advised his son. “One is paying attention to your actual wording at the moment. Another is roaming ahead to plan what you will say next. A third is following behind, picking up slips you may have made. Suppress that third part or it will get you into trouble.”

Bush learned much about speaking from his father, even copying his delivery. Once Bush even regaled his father, along with a gathering of friends, by imitating his “language, gestures, subject matter, all of which I knew fully well. Dad was the first to tumble as to what was going on. He caught my eye and then subsided so as not to give me away. Then I could see one member after another nudge his neighbor as he caught on. I ended with a peroration which was my dad all over—gestures, resonances, and all, which I could reproduce with some accuracy by that time. It was not a caricature. It was an imitation, and one that expressed my pride in my father.”14



The Bushes lived in the church parsonage on Clark Street for much of Perry’s tenure in Chelsea. The family was frugal. Mother Emma hailed from a successful Provincetown family—her father, Lysander N. Paine, was an important merchant who formed a bank in town—but she had simple tastes. She was not, for instance, much of a cook. Visitors to her kitchen politely described her meals as “a little bit thin.” Towering over her short husband, she was quiet and easygoing and “an unusually fine woman,” one friend recalled. “Her face had the beauty that comes only from a kind heart and compassion for others.” Still, any minister’s wife had it hard; she was invariably scrutinized by her husband’s congregation. “The parishioners felt it their perfect right, if not their duty, to act as judge and jury for the minister’s wife. Her mode of dress, her housekeeping, her actions, speech—in fact almost everything she did or did not do—was subject to their critical scrutiny.” But Emma “was so lovable . . . that no one had anything critical or unkind to say of her.”

Emma ran her house on a tight budget because Perry’s parish income barely covered basic needs. He often presided over weddings for extra cash, winning himself the nickname “Marrying Minister” among fellow Universalist clergy. The weddings “put him in a different financial class from the rest of us,” a colleague recalled. Perry usually held weddings in the living room of his home. The Bush children sometimes served as witnesses or even well-wishers. But they disliked this duty and often fled in advance of a wedding party.15

Through his many activities, Perry became one of the best-known men in Chelsea. According to local lore, one couple on their way to the altar simply asked a hack driver to take them to the minister. They seemed to have forgotten his name. No matter. The hack went at once for Perry, “possibly from force of habit or perhaps he too felt that only Perry Bush could perform the ceremony properly.”

Perry was sought out in sorrow as well as joy. After a great fire devastated Chelsea in 1913—it destroyed much of the city, including Perry’s church—a friend from Boston searched for him amid the confusion. He wandered aimlessly until he asked a youth where he could find Dr. Bush.

“Never heard of him,” the man said.

“How long have you lived in Chelsea?”

“All my life.”

“And you don’t know Dr. Bush?”

“Nope. No Dr. Bush in Chelsea, you can bet your boots.”

“Well I happen to know better. Perry Bush has—”

“Perry Bush! Why in thunder didn’t you say so? Know Perry Bush. Everybody knows Perry Bush. [He’s] up there in the schoolhouse.”

And there his friend found him, helping the poor people of his city pull themselves together and carry on.16



Perry expected his children to be grateful for what they had and not to dwell on what they lacked. He had “a kind of fearlessness in the conflicts of the world,” which made him seem stoic at times. When son Vannevar was five, he joined his father at a funeral, only to break down in tears during the service. On the way home, Perry stopped his son’s crying by saying, “We’ve paid our respects to our dear friend, and we’ll have happy memories of him. There’s nothing more to be done.” The younger Bush never forgot the lesson.17

The stiff upper lip suited Vannevar. By his own account, he was “not a particularly husky youngster” and was bedeviled by a series of illnesses. Rheumatic fever, which at first seemed to have weakened his heart, left him “cursed” with rheumatism, so that “for years . . . occasionally I had to drag a leg behind me.” He suffered typhoid fever, possibly from drinking fetid well water. He ruptured an appendix. He also caught “the usual childhood” sicknesses.

All in all, Bush was “ill a good deal of the time.” He spent one teenage year bedridden. “At the time I know I thought most about the way in which it interrupted my school and my usual pleasures,” he later recalled. But there were “many pleasant days when I could read, and do puzzles, and learn to do new things with my hands, and I remember the friends who came to see me and talk to me.” During his forced idleness, he “learned to knit, to make tatting, and do all sorts of queer things,” including whittle.18

Compensating for a sickly childhood, Bush grew self-reliant, confident and pugnacious. He occasionally fought with other youngsters, some as far away as East Boston, and once returned home with “a somewhat damaged nose.” There was more to his combativeness than mere bravado. He was fiercely independent, a budding maverick. “In my youth I had been taught that the most independent thing in existence was a hog on ice, and I emulated a hog on ice,” he later wrote.19

He also suffered snubs, inspired by class and religious affiliation. This only seemed to embolden him, filling him with an outsider’s scrappy pride and an instinctive sympathy for the underdog. The town YMCA, for instance, barred Catholics and Jews as well as liberal Protestants such as his family. “As the net result of that, my boyhood friends were the Catholics and the Jews,” Bush said. “I was not only not a Boston Brahmin, I acquired a very considerable set of prejudices against them. . . . My prejudices were all in the direction that I thought I belonged with the Catholics and the Jews, some of the fellows that were out of luck otherwise. I didn’t have much use for the gang that lived up at the [wealthier] end of town.”20

He was too independent to curry favor with schoolmates, though he was elected vice-president of his junior-high-school class. He did not take to those who put on airs and enjoyed “mixing it up with anyone” who showed “a touch of [the] stuffed shirt.” More a budding despot than a politician, he did not like to be told what to do. He credited his ship-captain forebears for instilling in him “some inclination to run a show once I was in it.”

Bush saw life on the sea as a model for terrestrial society. As a boy he explored the coast along Cape Cod alone on a motorboat. He learned the ins and outs of boat-building from grandfather Lysander, who though in his seventies still ran businesses in Provincetown. He dreamed of sailing his own ship across “the high seas.” For entertainment he read old whaling logs over and over. Even more than the sheer adventure of whaling, the logs taught him about leadership and group dynamics. “The relations between the captain and the mate, during voyages that lasted for years, strained human nature to the utmost,” he wrote, “and it also produced some queer by-products.”21

And some sound lessons too. He learned that successful captains were autocratic; that they met all kinds of people and did so on their own terms; that they could lose everything on a gamble but were richly rewarded for success; and that they demanded loyalty, even deference, from subordinates, but were fiercely loyal and protective of those who stood by them.

Bush had captaincy in his blood. In her prime Perry’s mother, who lived in the Bush home, ran a shipping business with her husband. The couple specialized in trade with the West Indies; Perry’s father captained the ship, while wife Mary Willis kept the accounts. Now and again she took to the sea herself and once sailed across the Atlantic and up the Amazon River. Mary was an intense force in the Bush home. Even after losing her sight late in life, “she would not quit” fighting.

Bush showed his own “spark of belligerency.” He was quick to take exception to things. Even his own first name, with its Dutch pronunciation (Vuh-NEE-ver), irritated him. “The strange name” was “a nuisance,” always requiring an explanation or a quick lesson in pronunciation. Bush wished his father had named him John, after the first name of his friend, and his sisters indeed called him John at times.

His name may have been the only mistake he ever pinned on his father. Perry’s influence on his son was obvious, and Bush celebrated it. “When I think of teachers who have molded my own patterns of thought, I think at once of my father,” he later wrote. “I acquired much from him, although I hardly realized it at the time.”22



Sister Edith also influenced Vannevar. A math whiz, Edith joined the faculty of Chelsea’s high school after graduating with honors from Jackson College (the sister school of Tufts) in 1903. A member of the school’s math department, she taught trigonometry. One year brother Vannevar ended up in her class. He was no slouch, grasping her lessons with an uncommon alacrity. Math was his best subject, but Edith tried to keep her brother humble by calling him only “a good student.”

Edith’s talents fueled Bush’s desire to excel in math. The siblings competed against each other in card and parlor games. They were worthy adversaries. Edith was just as “stiff-necked” as her brother and “inclined to be very fussy about rules and regulations.” She was also something of a tomboy, often fishing, sailing and swimming. She had her own ambitions too. After eight years of high-school teaching, she became principal of Provincetown High School. Two years later, in 1920, she joined Jackson College as a math instructor. The following year she was named an assistant professor. She taught at the school until 1952.23



Bush had a talent that separated him from his smart sister: he also could work adeptly with his hands. Using his hands was as important to Bush as using his mind. In school, he ran track and sang in his father’s church choir, but he preferred visiting the shop over any other leisure activity not related to the sea. For a boy with his inclinations, Chelsea proved to be a hospitable place. The city’s schools offered an elaborate curriculum in sewing, woodworking, basketweaving and drawing. Altogether, students spent two to three hours a week on these and other “manual arts.”

For educators, this was not window-dressing or simply a vocational program for those destined to earn their living as skilled workmen. Teachers were “convinced that by doing things, the child is developing that part of his brain which can only be developed by using his hands,” according to one school report. “Sometimes, for lack of interest in book studies, we find there are periods in a child’s life when mental progress seems to be at a standstill. Suddenly he finds he has a special talent for work with his hands. He respects himself and commands the respect of others.”24

Bush surely respected his ability to shape material into useful things. During high school, he could be found handling test tubes and triggering chemical reactions in the basement of the church parsonage, where his family lived. A rare childhood photograph shows him tapping away with a hammer at what seems to be a dry cell hooked to a clock. He wore a white, long-sleeved shirt, a stiff white collar and a vest. His chemicals stood secure in a Quaker Oats box, and miscellaneous treasures were stashed in salt-cod boxes. No one knew for sure what he was up to; certainly his father did not. Perry had no aptitude for handiwork; he “couldn’t drive a nail.”25

Tinkering in his basement, Bush shared an activity with many brainy, middle-class boys around the country. The romance of invention—or at the very least, of making something—was contagious. Well aware of his family’s modest means and the absolute requirement for him to turn an education into a good livelihood, Bush realized that the path of the inventor offered him perhaps the only means of achieving conventional success without sacrificing his maverick leanings.



In the 1890s, an outpouring of technical advances was undermining old patterns in American life—and was a fast path to riches. Bush could not have missed this “technological torrent.” In the first seven years of Bush’s life, the first gas-powered car was perfected; the German Otto Lilienthal made hundreds of successful gliding flights; the first commercial motion picture was screened; and X-rays were used in the treatment of cancer for the first time. The spread of telephony, the phonograph, electricity and radio contributed to the enthusiasm for technology. It was “an epoch of invention and progress unique in the history of the world,” wrote one observer. The period “has been a gigantic tidal wave of human ingenuity and resource, so stupendous in its magnitude, so profound in its thought, so fruitful in its wealth, so beneficent in its results, that the mind is strained and embarrassed in its effort to expand to a full appreciation of it.”26

All this ignited the curiosity of Bush, who surely noticed how technology was exerting a powerful draw on young, middle-class men eager to get ahead. In the early 1900s, newspapers and magazines extolled the feats of young tinkerers, and dime-novelists picked up on the theme. The appeal of the boy-inventor persona lay in the promise of heroism through inspired ideas and shrewd improvisation. Armed with new gadgets, mere boys could outshine their fathers, performing courageous, even lucrative deeds. Their pursuit of invention, meanwhile, demanded a new concept of manhood, one which conceived of education and expertise as the basis for thrilling journeys into the dangerous technological frontier. For some young men, technical exploration was a middle path between the tired refinements of genteel culture and the “animal magnetism” of sport and fitness enthusiasts.

This new concept of manhood neatly mapped Bush’s own evolving sense of self. His future depended on the nation’s capacity to absorb college-bound youths. Hampered by periodic illness, impatient with pomp and molded by his own class and religion, he needed a means of advancement. As he graduated from Chelsea High in 1909, he was an outsider who resented the elite of society but hungered for its recognition too. It didn’t help that his father had “knocked out the family funds” on the college education of his two older sisters. At his father’s urging, Bush decided to attend Tufts. It was an easy choice, of course, but then Bush believed it really did not matter which college he chose because “all of my academic training was circumscribed by the necessity of getting some cash.”27



Chapter 2


“The man I wanted to be”

(1909–18)

It might possibly be that inheritance has something to do with one’s characteristics, for all of [my] recent ancestors were sea captains, and they have a way of running things without any doubt. So it may have been partly that, and partly my association with my grandfather, who was a whaling skipper. That left me with some inclination to run a show, once I was in it.

—Vannevar Bush

Wearing a dark, loose-fitting suit, Bush firmly gripped the handles of what resembled a lawnmower. Head bent, he kept his eyes squarely on the machine as his feet pounded on the yellow grass. From a distance, it looked as if he was clearing one of the fields at Tufts College.

On closer inspection, it was clear Bush was not mowing anything. His contraption consisted of two bicycle wheels linked by a wooden box. Bush had built it from scratch. It was a surveying device, designed to chart the terrain. The box was stuffed with a mechanical recording system that traced out a simple map as the wheels turned. This crude device was Bush’s first invention. He anticipated a long period of test and refinement.

Bush’s improbable gadget, built the previous summer, would not have surprised his Tufts classmates, who named him best math student of the 125-person freshman class. As a sophomore Bush replaced an ailing instructor for part of a term, and he tutored groups of fellow students in physics and math in order to help pay his way through school. “I’d have a class in the evening, and everyone who came in put fifty cents on the barrelhead,” Bush recalled. “Some of these would get the fifty cents back at the end of the hour. These were the ones that really didn’t have the money to pay; their job was to drum up trade.”

None of this was done with dead seriousness, however. Bush leavened his tutoring with humor. He enlisted the campus football star in a word-of-mouth campaign aimed at drawing new students to his sessions. Once he agreed to give a student math lessons in exchange for tips on improving his tennis game. But soon Bush rebelled. “This isn’t working out quite fairly,” he said. “I really can see some improvement in my tennis, but I am reasonably sure that no one can do much with your mathematics.”1

Bush’s quick wit at times bordered on the malicious. One of his roommates, for instance, was so nearsighted that he was practically blind without his glasses. “We used to move them from the place he left them at night in order to see him gallop around the room squinting at everything that shined and cursing us for moving them,” Bush remembered. “As he did so he had the expression of an imbecile to an extent that was most entertaining so we repeated the operation fairly frequently. But when he finally located his glasses, cursed us once more, and put them on his face straightened out marvelously and he became in fact quite intelligent in appearance.”

Bush’s own glasses were rather thick, of course, and he hated to remove his spectacles. “I suspect I look rather vacuous when I take my own glasses off and I acquire such intelligence in my expression as I can command when I get them on again,” he noted. “So it makes me a little worried to see myself without them.”2



As a smart young man bothered by physical and social inadequacies, Bush eagerly wished to establish himself. To recover what illness and family circumstance took from him, he strove hard but was thwarted time and again. In the spring of 1911, he suffered appendicitis. He needed an operation and missed a semester. Bedridden for weeks during one stretch, he found consolation in his imagination. He mused about the possibility of perpetual motion, even writing an article in which he explored various ways to achieve it. He also collected information about the Panama Canal, then undergoing construction. Opened informally in 1914, the canal was the biggest engineering challenge of the years before World War I. The project showed how ambitious engineers could leave a mark on the world.3

When he returned to Tufts, he still suffered from chronic rheumatism. His 5-foot-11-inch frame carried just 140 pounds. Anxious about his health, he relieved his anxiety through endless activity. He rarely stopped for self-examination. (When asked to state his personal thoughts, he would say, “Let’s not spend much time on this.”) For a season or two, he ran track, racing at distances of one and two miles without distinction. In his own scrapbook he confessed, “As a miler you’re good—for nothing!”

Too frail to play football, he managed the team his senior year and scheduled a contest with West Point (in the game a young Dwight Eisenhower badly injured his knee). Bush was popular, serving as vice-president of his sophomore class and president of his junior class. He joined the engineering fraternity, Alpha Tau Omega. He taught himself the piccolo and the harmonica and sang in his father’s church choir. He dated a girl, Phoebe Clara Davis, the daughter of a Chelsea merchant. For amusement, they sang and played music, and they attended parties together at Tufts, where he was active in the Evening Party Association. A night’s program might include as many as 20 dances, waltzes being the most frequent.4

While not quite frivolous, Bush played hard, smoking, drinking, carousing and cussing. Yet at the same time he managed to essentially pay for his own schooling. Roughly half of his $250 in yearly academic expenses (which included $150 in tuition and $80 room and board) was covered by scholarships, with the rest of his bills covered by money from tutoring and a job as an aide in the mathematics department. Indeed, he earned so much money from the math department one term that the college owed him money when the term ended. The bursar wanted to apply the excess to the next term’s bill but Bush insisted on receiving the money then and there; he even threatened to sue Tufts if the bursar didn’t pay up immediately. In no time, Bush had his money.5



Despite his many outside activities, Bush raced though his studies, achieving straight-A grades with the exception of the term interrupted by his illness. Tufts allowed industrious students to gain a master’s degree in the same four years it usually took to gain a bachelor’s degree. Bush knew his father had difficulty paying his tuition bills on time, so he thought following the master’s schedule was a bargain. He took extra courses, or sometimes skipped a course altogether, taking the exams only. Once, he read the textbook for a course in advance and asked the professor, he recalled, if “I could make some time available for other things I had in mind by just taking the final examination in the course when it occurred.” The professor refused. Instead, he gave Bush the test on the spot. Bush passed, and was granted credit.6

“Now this made an enormous impression on me,” Bush later wrote. He admired men of action, despised rules and felt that merit meant everything. No organization should hold a man down purely for reasons of protocol or tradition, he thought. The professor who allowed him to break the rules became “my idol, and the man I wanted to be like.”7

Bush favored men who set their own rules, and he was bright enough to do so himself. Yet he respected tradition and deferred to his professors at the proper times. He was especially close to a young mathematics professor named William Ransom, who was 12 years older than Bush. Ransom was not brilliant but had a passion for teaching. He could stir an interest in math among even the slowest students. He was impressed with Bush’s ability but not awestruck. The year before Bush arrived, Ransom had graduated Norbert Wiener, a child prodigy who would later be seen as a rare mathematical genius. Wiener arrived at Tufts as an 11-year-old, and before long he was lecturing the math faculty. “I used to sit in the front row while [Wiener] worked at the board,” Ransom said. “It was easier that way.”8

Bush did not possess Wiener’s mental gifts and, as a math student, rated himself no better than the “fourth or fifth echelon.” While certainly a severe assessment of his talents, this judgment did not deter Bush from mathematics. The unbending rules and the cold, hard logic of math appealed to Bush’s sense of order and balance. Math shaped his approach to human relationships and gave him the means to achieve practical results. From math, he also gained an inner satisfaction—even a spirituality—that he never found in religion. At his graduation ceremony, he showed his affection for his favorite subject by delivering an address on “the poetry of mathematics.”9



Mathematics evoked something besides poetry: money. Bush could put mathematics to work. He thought his surveying device, the “profile tracer,” could be the basis for a business. The device was a primitive calculator.

It consisted of an instrument box slung between two small bicycle wheels. The surveyor pushed it over a road, or across a field, and it automatically drew the profile as it went. It was sensitive and fairly accurate. If, going down a road, it ran over a manhole cover, it would duly plot the little bump. If one ran it around a field and came back to the starting point, it would show within a few inches the same elevation as that at which it had started.

The box contained a well-damped pendulum. On this was mounted a disc, driven from the rear wheel. Against this disc rested two sharp-edged rollers. One picked off the vertical distance traveled, and moved a pen. The other picked off the horizontal distance and turned a drum carrying the paper. This much constituted an integrator.”10

The profile tracer, then, automatically calculated elevations and produced a drawing, or crude simulation, of the terrain crossed by the machine. Bush applied for a patent on his tracer, convinced there would be demand for it. He thought his invention could save surveyors time and money, since it did the work of three men. “The usual method” of creating a profile called for “a surveying party,” Bush wrote in a thesis on the device. The surveyors “take the elevation of a sufficient number of points on the line, and by chaining and pacing, locate these points as to horizontal distance, thus establishing the profile. The notes thus obtained in the field are worked up later in the office, and the profile is plotted from them. In this manner, about three miles may be covered in a day. It is easily seen that this method is slow, roundabout, and expensive.”11

On the last day of 1912, the U.S. awarded patent number 1,048,649 to Bush for his profile tracer. A patent was a powerful symbol to him. It symbolized the way the nation rewarded its inventors—by protecting their creations. Patenting had deep roots in the nation. George Washington signed into law the first patent measure in 1790. It empowered a board to issue a patent, “if they shall deem the invention or discovery sufficiently useful and important.” Thomas Jefferson was the first chief of the nation’s patent board. Though opposed to monopolies, he asserted “an inventor ought to be allowed the right to the benefit of his invention for some certain time. Nobody wishes more than I do that ingenuity should receive liberal encouragement.”12

Modified many times over the years, the patent law still protected and encouraged inventors. But markets were increasingly dominated by large companies, which had teams of their own inventors and staffs of attorneys who piled up patents, many acquired solely in order to thwart rivals. Adapting to this new scene, inventors often licensed their patents to large companies, which then brought a product to market (and gave the inventor a tiny share the sales). Litigation was common as competitors tried to stymie one another through patent-infringement claims. For the lone inventor, the new political economy of patents was a disaster. Even if he was not bankrupted by the byzantine litigation spawned by his patent claim, he rarely reaped the financial rewards of his ingenuity. Big businesses either stole his ideas or paid him a nominal fee for his patents and then sat on them.

Bush knew this fate well. After gaining his first patent, he wrote many companies about the profile tracer, promoting its virtues and offering a license to it. He visited at least one firm in person, accompanied by a friend. No one bought it. Bush was hurt, especially since the effort had cost him dearly at a time “when money was a very scarce article.”13

But the setback also awakened him to his own naivete. It made him realize the shortcomings of tinkering and underscored his need to find a practical career.

“The trouble was that back in 1913,” Bush later wrote, “I was densely ignorant. I knew a bit of physics and mathematics. I had graduated in engineering. But I was not an engineer. An engineer has to know a lot about people, the ways they organize and work together, or against one another, the ways in which business makes a profit or fails to, especially about how new things become conceived, analyzed, developed, manufactured, put into use. So I charged that invention off to experience . . . and I reoriented my thinking. In fact for the first time, I resolved to become a real engineer. I resolved to learn about men as well as about things.”14



Academic life suited Bush, but did not define him. Now 23 years old, he wanted a change. He had never held a job outside school and wanted a taste of industry, if only to gain the “funds to get back to college and try for a doctorate.” In the latter half of 1913, he joined General Electric, a giant in the burgeoning electric power industry. GE hired him as a “test man” in its chief facility in Schenectady, New York, near the state capital of Albany. Bush lived in a boardinghouse, visited the local beer parlor and mingled easily with his coworkers. One evening, Perry called on him. Father and son took their dinner in the boardinghouse with a dozen mechanics, who arrived at the table directly from work. Within an hour or two “all embarrassment had disappeared,” Bush recalled. “Before the evening was over they were all sitting around telling jokes, the old man included, having a wonderful time.” Bush was proud: his father was one of the boys.

After three months, GE put Bush in charge of about 20 test men, without raising his starting salary of $14 a week. Meanwhile, workers struck the plant. Under mutual agreement, the plant’s testers, including a sympathetic Bush, crossed the picket line. “I readily took on the task of exploring the works for them, to see whether strikebreakers were being smuggled in,” he recalled.15

Bush next moved to a GE plant in Pittsfield, Massachusetts, for the chance to work on high-voltage transformers. His job was to test equipment and insure its safety. Before long, a fire broke out in the plant, burning up the main cables. As punishment, Bush was laid off with the other test men for a few weeks. He left GE in October 1914, returning to Tufts. He tried not to appear chastened, but here he was, a star pupil, with no definite prospects. He told a dean at the school that he was out of work. Bush later noted that the dean politely told him “the only job he had [to offer] was one I would not want.” But Bush was in no position to pick and choose. Without asking for details, “I told him I would take it.”

The job was no better than advertised: teaching math 14 hours a week to female students at Jackson, the sister college of Tufts. Bush was to be paid $300 for the term, slightly better than his GE salary, and he expected to earn his wages. His predecessor, after all, had quit over the antics in the class. “They tried some of the same games on me,” Bush later said. “One of the best was to toss a pants button so it would land near me, then they would all watch it roll across the floor, and stare at me stonily.” Bush was unimpressed and told them, “My fun comes later.” In the face of his veiled threat to issue poor grades, the students applied themselves, and everyone received a passing grade.16

The college dean was pleased. “Mr. Bush has proved himself so valuable that his services should be retained at least for the remainder of the year,” he wrote in February 1915. He raised Bush’s salary to $400 per term. While the teaching wasn’t terribly challenging, it left Bush time to chart his future. He soon decided to pursue a doctorate, which he felt would launch him on a career in academia or industry or both.17

Even more than another degree, Bush needed a mentor. He found one in Hermon Carey Bumpus, the president of Tufts and a zoologist by training. Bumpus appealed on Bush’s behalf to Clark University in Worcester, Massachusetts, for a scholarship. The school, though small, was distinguished, and Bush wanted to study under one of its engineering professors.18

“We have a very excellent man, Vannevar Bush, an instructor in mathematics, who shows signs of having qualifications which will lead to excellence in his chosen field,” Bumpus wrote G. Stanley Hall, the president of Clark College, in early 1915. “I think that it would be a very good thing for Clark, and also for Bush, if he could take graduate work in Worcester, particular[ly] with Professor Webster, and I am therefore writing to ask if there is any probability that a fellowship would be available for him, and if available, the amount that it would yield. I would not write this if I did not consider Bush a man of exceptional ability.”19

Exceptional ability or not, Bush spent the summer as an electrical inspector in the Navy Yard in Brooklyn, New York. Soaking up practical experience, he was confident enough to forge a friendship with the commanding officer in charge of the Yard’s material. While his fellow inspectors “went outside to have a smoke” at noon, Bush stayed behind, watching and waiting as the officer later lit his pipe in his office. Since “there were no smoking signs about . . . I stayed at my desk and lit my own pipe. After a while he began to join me and chat. I was now a marked man, having some sort of strange political influence.”

His short stay in Brooklyn gave him a taste of the “strange sort of experience” that many newcomers found in this melting-pot city. He rode a motorcycle about town and gave hardly a thought to the widening war in Europe, though in the back of his mind he thought “it was then probably inevitable that we were headed for war. But I can’t remember that any of us talked about it.”20

Bush concentrated on mastering his job but his real concern was advancing his prospects. “The work of subinspector here has been interesting, and valuable in its experience,” he wrote Bumpus. “For certain viewpoints, financially for instance, I could well continue in this work for awhile.” But the respectability of academia tugged at him. In early September 1915, he quit the Navy Yard and took off for Clark University, convinced he had “an opportunity for larger things” and “that a year from now will see me much nearer where I want to be because of the present sacrifice.”21

Larger things awaited Bush, and sacrifices too.

Clark University gave Bush a hefty fellowship: $1,500 to defray the costs of obtaining his doctorate under the tutelage of a professor named Arthur Gordon Webster. On arriving, Bush learned that Webster wanted him to devote his doctorate to the study of acoustics. This angered Bush, who resisted taking directions from others. “To hell with it,” he said, and abruptly “threw up the scholarship and got out of” Clark.

This act of rebellion revealed Bush’s low tolerance for academic servitude. He would not cater to the whims of a patron, even if a scholarship and a doctorate hung in the balance. Indeed, no sooner had he left Clark than he proved he could land on his feet despite his stubborn streak.

Bush next tried to gain admission to the Massachusetts Institute of Technology as a doctoral student in electrical engineering. He wasn’t guaranteed a scholarship at first, though one came through in late November. But when the professor handling his admission refused to give him credit for his Tufts course in thermodynamics, Bush fought back. The professor said that the man who taught Bush thermodynamics “didn’t know any thermodynamics.” “That’s correct, he didn’t,” Bush retorted. “But he isn’t trying to enter MIT, I am.”22

Bush’s argument carried the day. He was admitted, though that wasn’t the end of his troubles. He wanted a promise from MIT that he would be awarded his doctorate within a year, so long as he produced the thesis. Impatient as always, he now had a specific reason for haste. He planned to marry Phoebe Davis, his college sweetheart, as soon as he finished at MIT. He had barely enough money for one year of study, and he wished to avoid dragging his new wife into a life of penury.

Phoebe, a merchant’s daughter, was a respectable and plain-looking woman, one year younger than Bush. They attended fraternity dances together while he was at Tufts, and in their family homes they played music together (she played piano, while he played flute). Phoebe loved Bush’s wisecracks and antics, of which there was a steady supply. Visiting her often provided humorous relief from his intense studies. One winter day, he drove his secondhand Stanley Steamer automobile up the hill to Phoebe’s house only to hit an icy patch midway up the rise. The car’s wheels spun, and the engine exhausted its steam, dropping Bush to the bottom of the hill. The only way past the icy patch was for Bush to “look about for possible cops, pull the throttle way down and roar over the patch, shutting off the steam for a moment as I did so.”23

Bush thought Phoebe was worth clearing all obstacles for. She gave his ego a wide berth and never tried to compete with him for the attention of others. She was shy, somewhat retiring and very much a creature of her New England upbringing. She found the slow pace of Cape Cod life to her liking and possessed little interest in the wider world. She never tried to understand the technical issues that absorbed Bush, nor did she apologize for her lack of interest. She was at home with herself, happy to be who she was, which was perhaps why she seemed to be the only person who could calm the excitable Bush. He felt they were an ideal match, and he feared she would lose interest in him if he put off marriage for too long.24



MIT was the nation’s best engineering school, but in the fall of 1915 its electrical-engineering department was only an infant. Founded in 1902 largely by a group of the physicists at the university, the department had awarded only four doctorates in its history. Candidates for a Ph.D. were expected to toil long and hard, especially since a program with Harvard University gave a joint degree from both schools. Additional pressure came from a pending move by the electrical engineers. At the time of Bush’s arrival, the department was beginning its final academic year in its original Boston building, and plans were set for a move across the Charles River to Cambridge. MIT had purchased 50 acres of land across the river, and the electrical-engineering department would have two buildings on the plot, one for classes and the other to contain a main laboratory and a ten-ton crane. Professors strained to juggle the move, their research and ordinary teaching duties.

Bush did not make things easier for himself by choosing as a dissertation topic the problem of reducing certain differential equations to more manageable algebraic equations. Based on work by Oliver Heavyside, this new type of mathematics promised to aid in solving sticky problems connected with electric-power transmission. Bush’s academic supervisor, Arthur Kennelly, a former colleague of Edison’s, accepted his student’s aggressive schedule. But fearing Kennelly might renege later, Bush insisted his professor sign a contract specifying the work required. Kennelly agreed, though, as “one of those who did not expect overnight magic,” he doubted Bush’s ability to finish his thesis in a year.

Yet Bush did finish—and ahead of schedule. In April 1916 he submitted a 169-page thesis to his adviser. He had worked so hard to meet his deadline, he said, “I ended up in better [physical] condition than when I started.” Kennelly was unimpressed. He demanded that Bush “increase the scope” of his dissertation, though he offered no specific reason why. Bush protested, and Kennelly stood his ground. Because Bush had “wisely based the theoretical treatment” of his thesis “on a branch of mathematics Kennelly had never studied,” his supervisor never realized that his thesis contained a “first-class” mathematical error. The mistake was so arcane that neither Bush nor anyone else discovered it for years.25

Bush was outraged by Kennelly’s intransigence, but in a tight spot. If he appealed Kennelly’s decision to department chairman Dugald C. Jackson and lost, he might never obtain his doctorate. If he delayed taking a job, however, he feared he might lose his sweetheart. For Bush the choice was simple: he would not back down. In a sign of things to come, Bush sensed that he could make MIT’s bureaucracy serve his needs. Asking Jackson for a new ruling, Bush was quickly proved right. Jackson overruled Kennelly and granted Bush his doctorate.

This was the start of a fruitful relationship between the two electrical engineers. Bush had found an important mentor in Jackson. Never eager to credit others for his success, Bush regarded Jackson as one of the few “able, inspiring” teachers he ever knew.26



Jackson was a rebel. Moody and irascible, he was “a volatile fellow who kept people on their heels,” recalls one junior colleague. Students and professors alike feared him. He did not harbor traditional university values either. No academic purist, he thought knowledge must be put to work. Universities graduated engineers, he asserted, who weren’t geared toward the new demands on science-based industries. The solution was for the university to cooperate more closely with the leading companies in these industries. He believed electrical engineers, because of their roots in physics, were often too theoretical. They should more willingly address industry’s technical problems, not do abstract study for its own sake.27

A refugee from industry, Jackson knew the research-oriented corporation from the inside. Companies such as AT&T and General Electric were rapidly formalizing the process of invention by funding research at their own labs. Rather than relying on the muse to strike a lone inventor, these companies sponsored teams of researchers who aimed to improve the corporation’s position in the marketplace. A systematic approach to invention—the same problem attacked from different angles—replaced the hit-or-miss tactics of the past. Jackson had participated in this change. He had been chief engineer at a railway and electric-power company before starting the country’s second electrical-engineering department at the University of Wisconsin (Missouri opened the first).

After Jackson arrived at MIT in 1907, the institute’s electrical-engineering department began offering to perform research for private industry. Jackson himself consulted for companies. MIT allowed him to keep an office in Boston in order to handle demand for his services as well as maintain contact with industry. By 1910, he was telling large corporations that his department stood “ready to undertake some of the more distinctly commercial investigations under the patronage or support of the great manufacturing or other commercial companies.” Three years later, the department formed a research division, supported by GE, AT&T, Public Service Railway and other companies.

Jackson’s promotion of commercially relevant research “profoundly influenced” Bush. “We recognize it as our duty to contribute men to the industries and perhaps should be cautious about recruiting our staff through robbing the industries,” he wrote in 1915. “We need not only train men for the industries but must train them for ourselves,” he added, noting that universities “should ‘feed’ rather than ‘feed on’ the industries as far as men are concerned.”

Academic purists criticized this philosophy, but Jackson countered that professors should not have to apologize for earning consulting fees. He estimated that, through outside jobs, they should at least double their university pay.

This was just what Bush wanted to hear. In need of cash and desirous of influence in the world as well as the academy, Bush was a man in Jackson’s mold.28



With a Ph.D. almost in hand, Bush began looking for a job in the spring of 1916, quickly narrowing his choice to either Tufts, his alma mater, or American Telephone and Telegraph’s research division (later called Bell Laboratories). Bush clearly preferred the university post—Tufts offered him an assistant professorship in its electrical-engineering department—but he played hard to get in the hopes of gaining a higher starting salary. He told Tufts president Bumpus that AT&T had made him “an attractive proposition,” with a starting salary of $1,500 and raises of $300 to $600 annually. The deal slightly bettered the offer from Tufts. While Bush did not ask Bumpus for more money, he told him that AT&T was holding a position for him.29

Bumpus did not raise his offer, but Bush chose to join Tufts anyway. Even with the higher pay, the AT&T job wouldn’t provide him “enough income . . . to live on” because he would be forbidden to sell his services to other companies. By staying in academia, he could supplement his income by consulting for industry. His future brightening, he married Phoebe in August 1916.30



The next month Bush joined the faculty of Tufts and quickly found a corporate patron. Housed on campus was the American Radio and Research Corp., a manufacturer of radio parts and complete sets for amateur operators. AMRAD, as the company was called for short, had been founded a year before, in 1915, by Harold Power, a recent graduate of Tufts. As a student, Power had been active in the school’s Wireless Society, a club for radio fans. Bush was also a member of the club. By his own account, Bush was smitten with radio. At the age of 19, in 1909, he had experienced one of the great thrills of his life when, while experimenting with a home-made radio set and listening to Morse-code signals, he “suddenly heard a human voice break in on the monotonous staccato of dot-dash, with a cheery cry of ‘hello.’ ”

While Bush and Power shared a zeal for radio, they were otherwise quite different. Where Bush sought to hedge his bets, Power was an unabashed adventurer. During school vacations, he served as a radio operator on various ships. One of these, the yacht Corsair, was owned by J. P. Morgan, the investment banker famed for re-ordering American industry. Power wisely got to know the tycoon and his family.

In 1915, two years after Morgan’s death, his son and namesake agreed to back Power in a radio venture. AMRAD set up shop at Tufts. Next to its building, the company constructed a 300-foot transmission tower with a range of 100 miles. Besides making radios and parts, Power wanted to produce broadcasts from the Wireless Society’s station on campus. At the time, no one regularly broadcast music or other entertainment over the air. Radio operators spoke with one another; simply receiving had little appeal. Power reasoned that for radio to catch on more broadly, it would have to offer something to those who only listened. On the evening of March 18, 1916, the Tufts station broadcast three hours of phonograph music. The station (later known by the call letters WGI) followed by only a few months Pittsburgh’s KDKA, which is generally credited with being the nation’s first radio station.31

Shortly after Bush began work at Tufts, Power hired him to run AMRAD’s fledging lab at a salary that exceeded his Tufts pay. He and Phoebe were “cheered . . . up greatly since we needed cash badly,” he later said.32

Power had made a shrewd choice. Bush exuded confidence; he thought he could exploit the “fine opportunities” awaiting radio pioneers. He threw himself into AMRAD research, exploring the mysteries of vacuum tubes, which desperately needed improvement if radio was to expand. This was the high frontier of electrical engineering, and Bush realized advances would aid all forms of communication.33

Bush was thrilled with the possibilities. In the laboratory, “We dream the life of the future,” he wrote. Yet once he almost lost his future when he accidentally received an electric shock. “It knocked me over although it didn’t knock me out,” he said.

A colleague picked Bush up and dragged him outside. He tried to revive Bush with mouth-to-mouth and, Bush later recalled, “got going so fast at it that I couldn’t get a word in to tell him that I was all right breathing without his help.”

When he wasn’t toiling in the lab, Bush gave business advice to AMRAD because he felt Power “was certainly no manager.” Power did not always want the advice, but Bush could not help himself. In his mind, the line between research and business had blurred. The good researcher, he believed, could not act in academic isolation; in order to succeed, he must know something about markets, finance and the organization of a business.

Reflecting on his experience at AMRAD, Bush charted this sea change in the relationship between research and industry. “Not many years ago . . .” he wrote in an article on the company for curious Tufts alumni, “commercial research was looked down upon as undignified and mercenary, and not to be mentioned in the same breath with the study of the swing of the planets in their orbits. To the businessman, on the other hand, the pure research enthusiast was a dreamer and a solver of academic puzzles; ornamental, perhaps, but useless and expensive.

“Today all this has changed,” he added. “We have learned that no science worthy of the name is so pure as to be entirely devoid of possibilities of service to the needs of a complex civilization.”34



That service might include improving the tools of war. Since August 1914, war had raged in Europe. The U.S. tried to stay neutral, while still supplying the Allies by sea. Slowly, America was drawn into the conflict. In May 1915, a German submarine sank the British passenger liner Lusitania, killing 128 Americans. The U.S. strongly protested, and Germany restrained its submarine attacks until January 1917, when it declared its U-boats would attack all ships headed for Britain. The Germans sank several American ships in the ensuing months, and on April 6, the Congress endorsed President Woodrow Wilson’s call for war against Germany.

Consumed by private pursuits, Bush had paid scant attention to the bloodiest war in history. Politics bored him, and he largely ignored international affairs. He was admittedly “provincial.” At 27, he was too old to be drafted. His wife had just had a baby boy. His career, after several false starts, was moving.35

America’s direct involvement in the European war forced Bush from his cocoon. He was not prone to intense displays of patriotism, as was his father, but he was no pacifist either. His country was at war, and he wished to help. At bottom, it was a fresh chance to prove his mettle. He surely had not thought much about how best to apply research to the problems of war. But he had no qualms about trying to do so, just as long as he could set the terms of his engagement.

Bush knew he would not labor alone. Since the outbreak of the war in Europe, hundreds of America’s leading scientists and engineers had offered to aid the military. The reception wasn’t always warm. When the American Chemical Society first offered its services on behalf of preparedness, the secretary of war demurred, saying his department already had a chemist. Often, neither the military nor the politicians understood science well enough to recognize the gift horse. It was easier for the government to latch on to big names. In 1915, the Navy invited Thomas Edison, the nation’s best-known and most revered inventor, to chair a board of consultants. (The offer came after The New York Times printed a provocative interview with Edison, which bore the arresting headline: “Edison’s Plan for Preparedness: The Inventor Tells How We Could Be Made Invincible in War.”) The naval board’s aim was to stimulate inventions that would prove Edison’s assertion that “modern warfare is more a matter of machines than of men.” Edison stocked his board with engineers and industrialists, purposely leaving scientists in the cold. He wanted practical men, not talkers.

Distressed by Edison’s snub, the scientists in 1916 formed their own group, called the National Research Council. Formally an arm of the prestigious but moribund National Academy of Sciences, the council vowed to produce innovations in weaponry. With the resumption of U-boat attacks in February 1917, an alarmed Navy asked the council to help it find a way to detect submarines. Robert Millikan, a leading physicist and a future Nobel Laureate, was assigned to direct the effort.36

Millikan faced an almost impossible situation. The Navy’s best submarine detector could not locate a submerged U-boat further than 200 yards away, and that was not enough. The chances of rapid improvements seemed small. Meanwhile, German submarines were reaping a bonanza in torpedoed vessels: 1.3 million tons in the first quarter of 1917 and perhaps 1 million more in April alone.37

Scores of researchers were studying the detection problem. Bush was a late arrival to the field. He had a notion for a crude device that ensnared submarines in a magnetic field. A disturbance in the field should produce a signal. As the submarine came closer, the signal should grow louder. That was the theory at least. Bush was eager to test it.38

In early May 1917, he traveled to Washington to meet with Millikan. He hoped to obtain the physicist’s endorsement and a broad charter. He acted boldly, grasping for the first time all of his disparate aspirations: inventor, entrepreneur, patriot and insurgent. Cynical about large organizations and loath to cede control, he glimpsed a way to harness his invention to an organization of his own making.

The meeting, which occurred on May 8, went well. Bush described his idea at length. Millikan knew of no one working in “exactly” this vein and thought Bush’s model was “well worth trying out on a life-size scale.” Reassured, Bush “suggested to Millikan that they consider my problem as being handled by me privately.” Millikan agreed, and promised to inform Bush of “any developments which might come in my particular line, and to put me in touch with anyone who might be doing the same work.” He also offered to help Bush to obtain “facilities for testing.”

Bush was elated by Millikan’s encouragement. He had succeeded in staying outside the government’s official channels, yet had gained a means of contributing to the war effort. This freelance approach suited Bush. He was skeptical about the research council, as he indicated after his meeting with Millikan in a letter written to Bumpus, his mentor at Tufts. “The Council is extremely busy,” Bush wrote. “Their authority comes simply by their influence; and it is not known how long it will be before there are radical changes in organization. For these reasons I do not believe they will immediately do construction work on any device. The Navy might test a new device at this time, but they are pretty well devoted to their particular hobbies. The red tape there looks formidable to me.”

Before leaving Washington, Bush obtained one more favor: Millikan agreed to write a letter on Bush’s behalf to the son of the late J. P. Morgan, a principal in the House of Morgan, “stating that [he] believed no one else was working in my line, and that my device was worth trying.”39

If Morgan agreed to back Bush, tests on his detection device could begin in a week. As soon as he left Millikan, Bush wired Power, asking him to contact the investment banker and arrange a meeting. Power did so, and Morgan was an easy sell. Bush sweetened his presentation with the suggestion that his detection technique might be of value in mining.

Morgan’s money liberated Bush from the chaotic politics surrounding the research council, which was jockeying with Edison’s board for the inside track with a Navy whose officers were skeptical of both teams. The experience left a mark on Bush, who later crowed: “Since I was not in uniform and took no government money, I was a maverick.”40

Bush’s cockiness did not endear him to the Navy’s officers. They were so skeptical of him that in May 1917 Bumpus felt compelled to write the commandant of the nearby Charlestown Navy Yard, attesting that Bush “is not an irresponsible enthusiast, but is a man of high scientific standing and ability.”41

A suspicious Navy would bedevil Bush for the rest of the war. In tests his device, improved with the addition of acoustic filters from Bell Laboratories, detected many submarines, and it withstood depth explosions.

“Then came a shock,” as Bush later wrote. “The Navy insisted that the gadget was of no use on a wooden ship; it must be put on an iron ship, a destroyer, for example. I was pretty sure it could not be done . . . but I was young and foolish, I did not get a real chance to argue my case, the decision to use a destroyer had been made by some senior officers who knew even less physics than I did, and so I went to work and wasted six months trying to adapt the equipment to an iron ship.”42

AMRAD built 100 sets anyway. A handful made it onto British subchasers. Bush insisted his primitive detector could locate enemy submarines, but it never found any before the war ended. This infuriated Bush, who directed his anger at the Navy. He snidely concluded that from World War I, “I learned quite a bit about how not to fight a war.”43

In the war, Bumpus found a broader lesson that Bush surely would have heard—and endorsed. In a dinner speech in early 1918, Bumpus declared that managerial expertise and engineering proficiency lay at the center of war-making. “The conduct of this war is not merely a military procedure,” he said. “It is not an affair of arms. It is not a conflict between armies. It is a huge business proposition. It is a great engineering undertaking.”44



Chapter 3


“Blow for blow”

(1919–32)

I’m a very peaceful fellow unless there’s some reason for starting a row.

—Vannevar Bush

Bush left Tufts in 1919 and rejoined Dugald C. Jackson’s electrical-engineering department at MIT. The offer from “DC,” as Bush called Jackson, was irresistible. Few men inspired Bush as Jackson did.

It helped that Bush felt he could handle the moody Jackson, who was famous for intimidating subordinates. “If one wished to visit him in his office, it was well to toss one’s hat in first and then, if it stayed in, to follow it,” Bush recalled. “He worked well only with those who traded him blow for blow, and I was one of these.”

The pattern of their relationship was set from the start. Bush would give no ground to Jackson, who asked him to teach an introductory course on electrical engineering called “601.” During the first few weeks of the course, Bush sent a note to his three teaching assistants describing future lessons. Jackson got hold of the note and took exception to it. “Old DC jumped on my neck,” Bush said. “Because the method I’d proposed for handling a particular thing was not the way it was handled in his book. So he lit on me like a ton of bricks. . . . I told him I was in charge of the course and he could take me out of that position if he wanted to, but as long as I was in charge of the course by god the people that were teaching it were going to follow my instructions. And he nearly had a fit. That ended the row.” There were “no more rows” after that.1

Bush returned to MIT just as the Institute faced a severe fiscal crisis. The state of Massachusetts was about to cut off a $100,000 annual subsidy to the Institute from the Gordon McKay fund. To make up the shortfall, MIT asked industry for help. Some educators attacked MIT’s appeal for corporate aid as impure, but it was “an immediate success,” attracting large sums at first. By the early 1920s, Jackson had built MIT’s electrical-engineering department into what was perhaps the best in the world. The university’s younger professors viewed him as a role model.2

The Institute’s embrace of corporate values was a sign of the times. In the decade following the end of the war, society’s most vital force was found in the marriage of technology and corporate capitalism.3 Conservatives were in command. Three Republicans in a row served in the White House; Herbert Hoover, the last of the three, was a mining engineer whose foreign exploits had made him a millionaire by the age of 40. Electrification was remaking American cities, ending the drab isolation of rural life and giving rise to vast utility companies that, like the railroads of the last century, held entire regions hostage. The automobile was the rage. Henry Ford’s method of manufacturing was lionized and widely copied; even the anticapitalist Soviet Union saw in “Fordism” a way to harness technology on behalf of the people. Artists, too, were affected by the spirit of the times. In Eugene O’Neill’s play Dynamo, the hero, an atheist, discovers spirituality in the form of electricity. To some, American civilization was coming to resemble a vast machine. Historian Charles A. Beard asked Americans to “accept the inevitability of science and the machine” in the belief that these forces will not destroy “the love of beauty, the sense of mystery and the motive of compassion.”4

The era well suited a man of Bush’s temperament and drive. Popular with students, he seemed informal and frank at a time when many professors struck students as stuffy and ancient. He wasn’t afraid to lighten his sober lessons with a bit of levity. One of his favorite routines involved a pipe wrench. The lecture highlighted the value of precise English, a point often overlooked in engineering classes. Bush opened by holding a pipe wrench before hundreds of freshmen, asking them to describe it. One after another, they did so. Bush tore into each description, eviscerating the vague spots and leaving his students in awe of his critical faculties. He ended this “intellectual free-for-all” by writing in precise English a patent application for the wrench.5

Advanced students found Bush’s clarity and rigor particularly appealing. After only a few years at MIT, he was widely admired by doctoral candidates for his dedication to a deep level of learning. “Bush was always itching to tackle the job of understanding those facets of a subject going just beyond the point where understanding was firm,” recalled Harold Hazen, a gifted graduate student who later became chairman of the electrical-engineering department. “It was the process of coping with the unknown in the attempt to achieve real understanding that excited him and, with him, all his students.”

“At the same time, he was a superbly good expositor,” Hazen added. “I remember particularly one class in which he was struggling to convey to students the essence of a new concept. We didn’t comprehend his first approach to the problem, nor his second. In the end he spent that entire hour in the attempt to get his point across, coming at it in turn from six completely separate and independent approaches, developing each with great expository skill while watching the eyes and faces of his students like a hawk. After each attempt, when he saw that he had not really succeeded with more than a few of us, he backed off and started on another approach. He was so skillful in disguising each new approach to appear as a fresh new problem that few of us were aware that he was, in fact, merely taking another crack at the same old problem on which he had not been successful before.”6



Bush’s horizons extended beyond teaching. Even before leaving Tufts, he had felt the pull of industry. Three weeks before the end of World War I in 1918, he had told Bumpus of Tufts: “I would, of course, not feel like devoting all of my time to teaching.” Bush’s desire for diversity stemmed partly from his restless intellect, but he also wanted another source of funds. With another MIT professor, Bush wrote an introductory textbook, Principles of Electrical Engineering. Published in 1922, the book was well-received, helped Bush’s reputation and brought him steady, albeit modest royalties.

Taking his cue from Jackson, Bush devoted a considerable portion of his oversized energies to business. Seeking fame, he would settle for money. After all, he now had a family to support. Phoebe, who had taught school in Chelsea, left her job after giving birth to a son named Richard in 1917. Another child was on the way.

Almost daily, Bush worked on AMRAD matters, judging from the frequent memos he wrote to management in 1920 and 1921. The postwar years had been unkind to AMRAD. In 1917, the concern, still housed on Tufts’ campus, had won big orders for radios from the Army’s Signal Corps. It expanded to meet surging demand, only to see the government cancel its orders when the war ended. The government’s action devastated AMRAD. By 1920, the company was mortally wounded. Bush, still carping about Power’s shortcomings as a manager, began looking for other opportunities. An AMRAD mechanic named Al Spencer presented him with one.

Spencer told Bush about an invention he’d made on his own time. As Bush later described it, “It was just a thermostatic sheet which he had dished a little bit by tapping it on an anvil with a hammer, and which would click through like the bottom of an oilcan. Of course, being made of thermostatic metal, it would snap through at a certain temperature.” Bush realized Spencer had hit on something “utterly new,” a “powerful, inexpensive, thermostatic switch for all sorts of purposes.”

Bush first went to AMRAD’s attorneys and “stated a hypothetical case,” resembling Spencer’s, “and asked whether, in such circumstances, the company had any equity in the invention.” The attorneys said no and told Bush he was “perfectly free” to shop the invention around. Bush did. He immediately turned to Laurence Marshall, a Tufts classmate who was eager to back new ventures. Trusting Bush’s technical judgment, Marshall, a gambler who was enthusiastic about the potential of electronics, agreed to build a company around Spencer’s switch. He gathered investors. Among them was Richard S. Aldrich, whose sister married John D. Rockefeller, Jr.7

In late 1921, the group formed the Spencer Thermostat Company, hiring Bush as a consultant. While still AMRAD’s research chief, Bush ran the new company’s labs and aided Marshall in lining up customers for the thermostat. The two men were optimistic because they had the first reliable thermostat for a flatiron. The market was large, but none of the leading flatiron makers would license Spencer’s invention. Bush suspected a conspiracy, and he threatened to put Spencer Thermostat into the business of making flatirons. Finally, some manufacturers agreed to license the thermostat, use it in their products and pay royalties to Spencer Thermostat. The payments well exceeded $1 million and launched the company on a prosperous course. Bush’s stake in Spencer Thermostat grew in value.

About the same time, Marshall and Bush worked another deal. Bush had stuck with AMRAD through its lingering death, but he was ready to leap. In early 1922, AMRAD was broke. Bush’s differences with Power were in the open. In February, Bush presented Power with a list of 12 possible research problems, graded according to their commercial prospects. Power returned the memo, dismissing Bush’s advice and noting a new top priority: “Protection of our radio business.” By spring or early summer, AMRAD was dead. Power could not convince the Morgan interests to bail him out. AMRAD’s facility was closed and its records and equipment moved to New York.8

Bush was not through with AMRAD. “When the crack-up became inevitable,” Bush “told Marshall that there was something well worth salvage here,” namely AMRAD’s patents relating to a new “rectifier” tube invented by one Charles G. Smith, a physicist from Texas whom Bush had hired in 1919 as AMRAD’s principal researcher. Smith’s tube had obvious value for radio, though the Morgan interests, which owned the patents, did not understand them. Then, a home radio set ran on two different types of batteries, and nothing else. Smith’s tube eliminated the need for one of the batteries and made it possible for ordinary house current to replace the other.

Smith was a prolific inventor. Bush respected him, thought his tubes were “nothing less than remarkable” and believed he and Smith had made important refinements in the devices. Bush knew that much larger research outfits were attacking similar problems and boasted that his tiny team was besting them. “I noted in a report of the American Telephone and Telegraph Company that they have twenty-five hundred men engaged on telephone research and development exclusively,” he wrote on March 10, 1921. “Of these, eleven hundred are engineers. To compare with this, we have two engineers. I trust that we can make considerably more than one-five-hundredth of the progress” of AT&T.9

With AMRAD now on the rocks, Bush tried to rescue Smith. He introduced the inventor to Marshall, hoping Smith would convince Marshall to retrieve the tube patents. Instead, Marshall grew starry-eyed over Smith’s latest idea—a refrigerator with no moving parts. Marshall paid Smith to build a model, which seemed to work. Then Marshall raised $25,000 and formed the American Appliance Company on July 7, 1922. Bush and Smith counted among the company’s five directors.



The refrigerator proved elusive. In November, Bush came to the conclusion it would never work.10 Smith disagreed. He felt he was on the verge of a breakthrough. Bush was unswayed. The two men argued constantly. Neither backed down. Bush stubbornly held his ground, even at the risk of poisoning a partnership once defined by trust and mutual regard. Smith, clinging to his invention, resented Bush’s criticism. He grew suspicious. “I have fears that Dr. V. Bush wants to claim certain ideas as his own that are part of the refrigerator,” Smith wrote in his diary on November 27. He also assailed Bush for trying “to cover up the original signs of [his] ignorance.”

Smith’s insistence swayed Marshall, who gave Smith more time to demonstrate his intuitions about refrigeration. Yet Bush’s criticism, which increasingly seemed on target, had its effect. “Not a sign of pleasure has ever been manifest by Marshall when I have tried to tell him that the refrigerator situation is very hopeful,” Smith wrote on December 11. Marshall’s indifference heightened Smith’s paranoia. “The laboratory has had the atmosphere of a morgue for at least the past two months when things have just begun to look encouraging to me,” he wrote on December 12. “I have even grown suspicious that Marshall & Bush might have had some scheme in mind whereby in the event of early discouragement in refrigerator field, they might revise the American Appliance Co. in such a way that Bush could come in for a larger share of stock and of power.”11



For another year, American Appliance floundered. Smith’s refrigerator was a failure. Bush consoled him, saying it was “nervy” of Marshall to think he could tackle head-on such appliance giants as Westinghouse and General Electric. Finally, Marshall himself agreed to abandon the refrigerator. In 1924, Bush persuaded Marshall to renew his interest in Smith’s tubes (Morgan had done nothing with the patents). In August 1924 Bush and Smith tested duplicates of tubes they had last evaluated four years earlier in AMRAD’s lab. Improvements came swiftly, then patent claims were made. In December, Marshall approached the House of Morgan with an offer to purchase the patents and patent applications stemming from the research done at AMRAD by Smith and Bush. Morgan agreed to sell for $50,000, only one-fifth in cash. The rest of the money came in the form of stock in Marshall’s company soon to be renamed Raytheon, after a French-Greek concoction meaning “a beam of light from the gods.”12

Marshall timed his move well. In 1924, the number of homes with radios tripled, a reaction in part to the soaring number of stations, which grew to 556 in 1923 from a mere 30 nationwide in 1922. Within two years, NBC and CBS, the first nationwide networks, were in place. The sudden surge in radio broadcasts, however pleasing to the ears, brought chaos to the airways. Beginning in 1927, the federal government sought to manage this explosion by allocating frequencies to stations, which effectively reduced interference and greatly improved reception.13

Raytheon’s tubes were destined for success. They brought down the price of home radios and made them easier to use. They took away the sense that mastering a radio required a zeal for gadgetry. The ability to plug a radio into a wall socket, rather than rely on unwieldy batteries, domesticated the radio; it was now no more threatening than an electric lamp.

The new type of radio was an advertiser’s dream. “The upkeep is almost negligible,” crowed an early ad in The Saturday Evening Post. “Even the largest radio set will consume only a few cents worth of power per month. The Raytheon tube, guaranteed for at least a year, costs but six dollars. And the complete power unit, which costs no more than a few of the heavy batteries it replaces, will last for years.”14

Raytheon flourished. Sales topped $1 million in 1926; profits were an astonishing $320,000. Bush did well too. He earned $5,000 a year as a consultant and held 3.6 percent of the company’s outstanding stock. As a sign of his prosperity and faith in Raytheon, Bush paid $5,000 for 100 shares, or about 3 percent of the total, in October 1926.

Raytheon’s success, however, drew the wrath of the largest makers of electronics parts in the land: Westinghouse, General Electric, Radio Corporation of America and AT&T. The four companies had pooled their tube patents and jointly licensed the rights to radio manufacturers (AT&T joined, it was believed, simply to clear obstacles in the way of better telephone equipment). The licensing contract, however, required manufacturers to buy all their tubes from the pool, leaving small companies such as Raytheon in a pickle. “It looked like curtains for Raytheon,” Bush thought. The company’s factory was “going full blast one week and all its orders [were] cancelled the next.”

Bush felt the attack was a predatory practice and “as clear a violation of the antitrust laws as one could wish.” But the law had few teeth, and an upstart would likely die trying to obtain his just rewards in court. The blow left Bush forever skeptical of monopolies and deeply ambivalent about the growing domination of the American economy by big business. Despite his unwavering support for capitalism, he feared that monopolies would kill the romantic appeal of capitalism by crushing the small man with a bright idea. Marshall also was outraged, and he fought back. Raytheon began making all sorts of tubes, infringing patents willy-nilly. The four big patent holders filed a blizzard of lawsuits. The mess took more than a decade to clean up, but Raytheon survived.15



In the midst of this, Bush made his mark as a mentor. At MIT, research in electrical engineering was still a small affair. The department did not even break out a budget for research until 1921, when the funds earmarked for research totaled just $19,500. In 1922, Jackson put Bush, one of the department’s 20 faculty members, in charge of graduate study and research. Bush immediately stepped up the department’s activity. The number of people earning master’s degrees went from four in 1921 to 37 a year later and 45 in 1923. Bush kept up the pace. Over the ten years starting in 1922, the department awarded an average of 51 master’s degrees annually, or ten times the amount awarded over the prior ten years.16

The department’s surging productivity did not exempt Bush from Jackson’s criticism, however. A cranky DC increasingly relied on Bush to run the department, especially in DC’s periodic absences, but this hardly meant the two were chummy. “I remember one day . . . he told me he didn’t like the way I was running a research lab,” Bush said. “I told him if you don’t like it you can stick it up your rear end. We parted on those kind words. And I came home and I told my wife, ‘I guess we’re all through at MIT. Where would you like to go next?’ I said, ‘I can go out to Cal Tech if I want to. Do you want to go out to California?’ Next day, I went in and met Jackson and you’d never know anything had happened. We walked down the corridor together, you’d think we were old buddies. But if you took it lying down you’d get it in the neck.”17

Bush led by example. He tossed off so many research ideas, and so fast, that he could not help but nourish the men around him. Though he might accept more credit than he deserved for inspiring other investigators, he helped them to see their dilemmas more clearly. Uncommonly sure of himself, Bush gave others the courage to face an uncertain future. As Harold Hazen recalled:

Dr. Bush could practically smell at a distance when a research job was held up by snags of one sort or another and visible progress had ground virtually to a halt. With the utmost casualness he would saunter by and start chatting and questioning about the job. In the next quarter- or half-hour he himself would have sprouted, or elicited from us, at least a dozen ideas as to how to get around the impasse. Of course 11 of the 12 would, on later reflection, prove impractical or unproductive, but one out of that session (or a subsequent session if the problem was particularly refractory) would prove worth following up. The really significant effect of such sessions, however, was the almost miraculous lift in morale and enthusiasm generated simply by his presence and discussion, so that the work in the laboratory was back in high gear under wide-open throttle the moment he left.18



Bush could display tenderness toward colleagues, who were usually men (female students and professors were rare at MIT). When a research assistant named Parry Moon was badly burned in a lab accident in October 1924, Bush kept tabs on Moon while he recovered at his parents’ home in California and implored him not to rush his return. Buoyed by an optimistic letter from Moon the following summer, Bush replied immediately, congratulating Moon not only for his “very rapid physical progress” but for his “cheerful outlook on the world in general.”

Bush respected men who (like him) faced physical challenges, and he encouraged Moon as best he could. “I want you to be very sure indeed that you have had plenty of outdoor life and gotten yourself into good physical shape,” Bush wrote him. “It seems to me offhand that a month is likely to be too little, and that you would benefit by putting a little more time in in the outdoor life, getting back into prime physical shape. If you feel that this is so, do not hesitate to take all the time you need.”19



Bush soon faced his own disappointment. On April 2, 1926, his father died suddenly of a heart attack at the age of 71.

Perry’s last years had been bittersweet. When he gave up his parish in Chelsea in 1922, he was so distraught that he burned all of his sermons. He had wanted to make a fresh start. “All the preaching I do is new work,” he said. “I want to do new things and go along with the progress of the times as long as I live.”

But Perry was ill. He was forced to slow down. “It was a stunning blow I got when I knew I had reached the end of my accustomed activity,” he told a friend. He tried to accept his lot. “I am getting hold of myself and I hope I’ll drop quickly while at work and not lie around long like a useless hulk.”20

He got his wish. The end came one afternoon in Boston’s Masonic Temple, where he had cared for the library since his retirement. His funeral, held two days later at the Tufts College Chapel in Medford, was crowded with mourners from every city and town around Boston. Perry’s friends were legion. Ministers and high-ranking Masons attended. So did the mayor of Boston.

Reverend Lee S. McCollester, dean of the Tufts Theological School, delivered the eulogy. “Perry Bush never lost faith in men,” he said. “His love of knowledge, of literature, history and philosophy never diminished.” Neither did his desire “to carry on his work to the end,” McCollester declared. Perry wished that “when the end came it would find him in the midst of work” and that his work, giving “service to humanity,” would be found so compelling that those honoring him that day would “take it up and carry it on.”

Perry had been a member of Chelsea’s school committee for 26 years and taken the lead “in every move for civic betterment.” Yet the elder Bush, whom McCollester called an “ardent patriot,” was “never so happy as when present at a gathering of the local Grand Army post.” His eloquence was uncanny. He was “never at a loss for the right word to say. Always some bowed heart was lifted up; some message of cheer driven home; some conviction of faith forced to a lodgement, some ray of hope thrown through the darkness.” His tolerance was admired as well. He addressed men “of all faiths and associations and while always loyal to his own convictions, recognized the sincerity of the convictions of others.”

Perry’s remains lay in an open, gray half-coach casket, illuminated by the afternoon sunlight. The sun shone on his face and form and shone, too, on the “mass of floral pieces, some of them elaborate, but all of them beautiful,” which surrounded him. After the service, the body was driven to the Bushes’ old home in Provincetown. The next day Perry was buried in the family plot. Bush made the journey, along with his sisters and mother.21

With Perry’s death, Bush lost his only hero. He had revered his father in a way, a later observer noted, that “can be defined as hero worship.” While Bush had followed a vastly different path than his father, they had shared an outlook and a personality.22

They had never drifted apart either. In the last years of his life, Perry joined Bush for an evening meal nearly every Sunday at the sparse home of Bush’s maternal grandmother. “The ritual was always the same. . . . Everything edible in the apartment, including the contents of the cupboard and icebox, would be placed on the dining table and in due course all the meager repast would be consumed. Inevitably, as they finished, grandmother would survey the empty plates and say, ‘Weren’t we fortunate, we had just enough.’ ”23



Perry’s death did not retard Bush’s growth as a researcher. Pragmatic and mindful of the marketplace, he had a talent for divining inventions of commercial value. His goal, he once said, was “to dream in a rather definite way.” His affinity for both mathematics and mechanics was rare, and his imagination respected few boundaries.24

Now he took on one of the supreme technological problems of his day: perfecting the networks of power that were supplying electricity around the country.

By the 1920s, more and more people saw electricity as a necessity. But electric-power systems, as they expanded, were troubled by their inability to continuously match supply with demand. This left systems vulnerable to blackouts. Insulation posed another vexing problem: power surges, sometimes even caused by lightning, frequently damaged equipment. Seeking solutions, engineers at Westinghouse and GE built miniature power systems. Bush took another tack: he sought to mimic a complex power system with a mechanical calculator.

Bush was always making offhand comments, the sort of advice that usually could be discarded but might contain a diamond. “He was famous for coming in and sitting down at your desk, looking over your shoulder and making suggestions,” recalled one graduate student. Bush’s move into mechanical calculation began in 1925 when he made just such a remark to a graduate student named Herbert Stewart. Bush advised him to build a device that, simply put, expressed information in terms of physical measures (in this case, the turning of a shaft). The idea for the device arose from the same mind-set that led Bush to build his profile tracer at Tufts.

When Stewart completed the machine, Bush asked his graduate students to build more powerful devices. This was natural, one student noted, since “Dr. Bush was always encouraging his students to tackle successively more complicated or difficult problems.” The result was a new machine, called a network analyzer. It simulated three generating stations, 200 miles of line and six load centers—all contained within an actual space of 50 square feet. Another, an elaboration of the first Stewart device called a product intergraph, won Bush the Levy medal from the Franklin Institute of Philadelphia in 1928.

To his students, it seemed that their research was a casual, modest affair, but Bush actually plotted his moves carefully. Before designing a machine, “I first draw up a statement of what I should like to have the new machine accomplish. Then with this before me, I write a set of specifications, making it as detailed as possible in order to bring out the major points of difficulty. These, with several discussions with some of my associates, I have been revising from time to time.”25

In 1928, Bush started work on a more powerful machine. Harold Hazen, a graduate student, was so excited about the effort that Bush’s request for help “took my breath away.” The goal of the new machine was to solve certain kinds of differential equations, the basic equations of calculus. For two centuries, mathematicians had struggled with differential equations, solving them almost by accident. Then in 1876, the British physicist and mathematician Lord Kelvin tried to “substitute brass for brain in the great mechanical labor of calculating” and conceived of a “machine for integrating differential equations.” His harmonic analyzer could predict tidal data but “never achieved widespread use,” partly because “the British scientific community remained skeptical that a practical machine could assist the theoretician.” On the other side of the Atlantic, engineers enthusiastically pursued machines to solve “practical, engineering problems.” In a first step toward realizing Kelvin’s vision, American Hannibal Ford built a crucial piece of a differential analyzer, an integrator, for the U.S. Navy in 1919. The device aimed battleship guns, taking into account the flight of a shell and such other factors as the effect of the earth’s rotation on its path, the density of the air and the speed and direction of the target.

Unaware of the ideas of Kelvin and Ford, Bush sought to build a device related to but far more complex than Kelvin’s original idea. In 1931 he completed the first differential analyzer at an eye-popping cost of $25,000. A typical equation that could be solved by the machine was “X squared plus X equals Y.” While not precisely accurate, answers from Bush’s machine were exact enough to aid in doing real work.26

The differential analyzer was a milestone, Bush explained, “the first of the great family of modern analytical machines to appear—the computers, in ordinary parlance. It is an analogue machine. This means that when one has a problem before him, say the problem of how a bridge that has not been built will sway in a gusty wind, he proceeds to make a combination of mechanical or electrical elements which will act in exactly the same manner as the bridge—that is, will obey the same differential equations—and then by noting how this combination acts he will be able to predict the performance of the bridge. The trick, in a really useful device, is so to construct this model that by shifting some mechanical connections, or better by switching some electrical circuits, one can make it possible to handle a wide variety of differential equations, and hence of practical problems. If one does not know what a differential equation is, perhaps I can make it clear by a very simple example. Suppose an apple drops from a tree. . . . The thing we know about that apple is, to a first approximation, that its acceleration is constant, that is, that the rate at which it gains speed as it falls does not vary. So we just write this fact down in mathematical symbols. That is a differential equation, one very easy to solve, and thus we are enabled to make a plot of the position of the apple at every instant. But suppose we want to include the resistance that air offers to the fall. This just puts another term in our equation but makes it hard to solve formally. We can still very readily solve it on a machine. We simply connect together elements, electrical or mechanical gadgets, that represent the terms of the equation, and watch it perform.”27

Proud of his creation, Bush refused to call Kelvin the inventor of the differential analyzer even after learning of the Englishman’s earlier efforts. “Inventors are supposed to produce operative results,” he insisted, and Kelvin’s idea could hardly yield a differential analyzer because the crucial integrator “could not then be built both accurate and capable of carrying a sufficient load.” Bush preferred instead to cite Ford as his antecedent, insisting that while the Navy inventor did not build a differential analyzer he “readily could have done so . . . if he had put his mind on it.”28

Bush was stingy to withhold credit from Kelvin, but he was right to place importance on his ability to actually build a differential analyzer. The machine was, after all, an imposing contraption, requiring its own large room. Electric motors drove an intricate assemblage of gears and shafts. Calculations were carried out by brute force. Metal clanked against metal until a solution arrived. A motor activated a shaft that turned a gear that pushed a rod and so forth. With 18 shafts, the analyzer could take a few days to set up for a problem. With every fresh assignment, it had to be taken apart with screwdrivers and wrenches and reassembled in a new pattern. Once in operation, it required constant care and attention. Graduate students stayed awake nights, stationed near it, in case something went wrong. Even when all went well, the machine needed daily service to insure proper operation.29
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Despite its brutish qualities, the analyzer was based on simple design. Indeed, the reusable pieces of a Meccano game could be assembled to mimic the actions of the big machine. This fascinated Bush, who loved nothing more than to see things work. It was only then that mathematics—his sheer abstractions—came to life.30



The differential analyzer was a potent symbol as well as a means for solving problems. The machine evoked a dream as old as the Greek abacus and as fantastic as the latest fiction from H. G. Wells. While tortuous, the long search for aids to thinking was worth the effort. After all, machines had vastly reduced physical toil. Now why not do the same with mental toil? This possibility struck some as absurd since they viewed consciousness as thoroughly immaterial and mind and body as separate. The calculating power of the differential analyzer, however, called this hoary duality into question. Newspapers invoked enthusiastic images, labeling Bush’s device a “thinking machine,” “mechanical brain,” or “man-made mind.” Hazen, no mere popularizer, wondered how the world ever got along without computers. “If all the present-day mechanical aides to computation were somehow suddenly abolished what would happen? Utter confusion,” he opined.31

Even disinterested observers boggled at the possibilities. The president of the National Academy of Sciences called the differential analyzer “the most complicated and powerful mathematical tool ever devised.” And Warren Weaver, director of the Natural Sciences division at the influential Rockfeller Foundation, foresaw more powerful versions of the machine, “the technological problems having been effectively solved.”32

Bush saw the machine in earthier terms. As early as 1928, he asserted that his analyzer was a physical model of abstract mathematical relationships. By using his analyzer, a man gained “a grasp of the innate meaning of the differential equation,” and as a result, “one part at least of formal mathematics will become a live thing.” One operator of the analyzer, a mechanic untrained in mathematics, “got to the point where when some professor was using the machine and got stuck . . . he could discuss the problem with the user and very often find out what was wrong.” Bush believed that the “fundamentals” of differential equations had gotten “under [the mechanic’s] skin.”

The differential analyzer got under Bush’s skin too. Watching the machine grind away at a solution, turning an abstract notion into something vivid and concrete, was uplifting. “The study of engineering mathematics,” he wrote, “becomes soul-satisfying only when one begins to grasp the power that lies in the ability to think straight in the midst of complexity.”33

Bush was proud of his machine and advertised its virtues. When Philip M. Morse, an MIT physicist, sought to improve calculations on the scattering of slow electrons from atoms, Bush encouraged him to try the analyzer. Morse often visited Bush unannounced, finding him “leaning back in his chair, his feet on his desk, interspersing puffs of smoke from his eternal pipe with bits of dry humor or laconic wisdom, spoken in his Yankee twang.”

Morse, who would pioneer the field of operations research during World War II, was both awed and intimidated by the differential analyzer. “It was a fearsome thing of shafts, gears, strings, and wheels rolling on disks, but it worked and it foreshadowed a host of fantastically more capable computers.” Morse found it frustrating because it sometimes took several tries to obtain the desired answer: “Sometimes the answer went off the scale and sometimes we found we had connected the wrong shafts.”34

Within a few years researchers at other universities showed interest in building copies of the differential analyzer. Bush welcomed this interest though he hoped that MIT engineers would make the most crucial refinements to his machine. He never sought patent protection on any of the analyzers nor impeded the efforts of imitators. He was happy to help those who wished to improve on his design, hosting at least one such scientist in the spring of 1933. At the time, Bush was “dreaming in a rather definite way” about improving the differential analyzer himself. He told Weaver, whom he was wooing for more funds, that the “courageous attempt to produce” an improved device naturally should “rest with us” at MIT.35

Not only scientists were interested in the differential analyzers; the military was, too. The Army’s proving grounds for ordnance in Aberdeen, Maryland, wanted a machine to help it better understand the movements of an explosive shell from the time it left a firing gun until it struck its target. Bush was gratified by the military’s interest in his creation, but skeptical that Uncle Sam’s engineers, whom he considered second-rate, could do anything more than “produce an exact copy of the existing machine.” Nonetheless, his contact with the Army foreshadowed a relationship that would become crucial to the nation.36



Bush’s fortunes improved despite confusion at MIT. Following the death of President Richard McLaurin in 1919, the Institute spent the next decade in the doldrums. McLaurin’s successor was ill and soon died, leaving power in the hands of an ineffective committee. The next president, a former chief of the U.S. Bureau of Standards named Samuel Wesley Stratton, was clumsy and unimaginative. Charitable observers said he was past his prime. During Stratton’s reign, one professor noted, “there was no ruler of the Institute with a sure touch, a clear policy, and an unquestioned vigor and understanding.” Bush was more blunt. He described MIT’s administration as so “perfectly terrible” that it “nearly wrecked the place.”37

The absence of strong leadership made MIT the scene of warring egos and a refuge for second-raters. “At times,” recalled one professor, “it seemed that only the decrepit, the ineffectual, the inept, and a few idealists stayed on.” Bush could be counted among the last group. Since Jackson had no head for administration, Bush increasingly ran the department. He even acted as chairman when Jackson was away for the entire academic year of 1929. His salary reflected his broader duties, rising from $3,000 in 1920 to $7,000 in 1929.38

Bush was not always politic as he carved out a broader role at MIT. He tended to bully others and could treat harshly those he disliked. He was not subtle about it, either. When Arthur Kennelly, who had been Bush’s dissertation adviser, retired, it fell to Bush to find him an office of the type normally given an emeritus professor. Bush balked. He insisted that Kennelly was “a stickler for titles” and only wanted his name on a door. A real office need not be sacrificed to his vanity, Bush concluded. So he put Kennelly’s name on a door that opened into a room full of switchboard operators. President Stratton, in a rare display of fortitude, found this unsatisfactory. But Stratton did not stop Bush from continuing his campaign of humiliation. Next, Bush placed Kennelly’s name on his own office door, knowing Kennelly would not have the temerity to enter. Bush was right. He never did.39

Junior faculty members deferred to Bush. Hazen, who joined the faculty after gaining his doctorate for his work in computing, “absolutely idolized him.” Many colleagues and graduate students felt the same way. Bush mesmerized them with his articulateness, his self-confidence and decisiveness and his capacity to toss out at a ferocious pace half-formed suggestions and fully realized memos.

A few men, however, bristled at Bush’s directness, transparent ambition and willingness to trade blows in order to achieve his aims. Edward L. Bowles, for instance, had “not a damned bit of use for [Bush’s] methods.” A native of Missouri, Bowles had studied electrical engineering at Washington University in St. Louis before coming to MIT in 1920. Circumstances made it difficult to pry Bush and Bowles apart; for years, they would travel in the same orbit. With Bush as his adviser, Bowles completed his thesis on vacuum-tube design in 1921. Bowles, who thrived on conflict and adversity, was well-suited for a career in radio, which had yet to win the acceptance of academic engineers but was clearly a hot field. “You started with nothing,” he said of his early years at MIT, “and had to rely on your qualities as a predator.”

Bowles joined MIT’s faculty and soon emerged as a force in electrical engineering. He saw himself as a rival to the older Bush. While Bowles was perhaps the only man at the university whose range of interests and organizational talents approached Bush’s, he could not match Bush’s achievements. “Bush was brilliant, I wasn’t,” Bowles said. “It made me work all the harder.”40

Bowles made his mark on MIT. In 1923, he created a new undergraduate program in electrical communications; three years later he took charge of a new MIT research lab, endowed by a wealthy philanthropist named Edward Green, in South Dartmouth, Massachusetts. Under Bowles’s direction, the Round Hill Research Station, as it was called, tried to standardize broadcast frequencies and built new antennas and transmission and receiving equipment. Then in 1928, at Green’s insistence, Bowles began studying ways to make flying in fog safer.

This project put Bowles in the forefront of airplane navigation research. It also made Round Hill the jewel of electrical engineering at MIT, accounting for anywhere from 40 percent to 71 percent of the department’s total research budget for the six years starting in 1929. Green’s continued generosity depended on his relations with Bowles. While nominally under Bush’s authority, Bowles could do what he pleased at Round Hill. He asserted his independence. “I set up a miniature MIT,” he crowed, with the difference that he encouraged researchers from many disciplines to collaborate. “I didn’t worry about the departments,” he said. “I made people work as a team. This was all off the beaten path.”41



Having achieved a measure of success, Bush found that all his striving for knowledge, status and wealth had taken a toll on him. Though he generally succeeded in taming his nervous energies through ceaseless activity, it wasn’t always possible to exorcize the demon of anxiety. Hypersensitive to illness because of the extended sicknesses of his youth, he remained susceptible to bouts of “nervous tension” throughout his prime years. These eruptions of anxiety were hard to predict but undeniable all the same.

One spring [Bush recalled] when I was working very hard at MIT and under a severe nervous tension, my heart started skipping. I got to the point where it was skipping every third or fourth beat and it nearly drove me cuckoo. Fortunately I got hold of a cardiac expert, Bill Reed, an old friend of mine, who looked me over, took cardiographs . . . and said, “very uninteresting heart.” I protested and told him that the pump did not tick regularly and that I thought that it was his business to fix pumps. He asked me when I was going to take a vacation, and I told him. He said three days after I relaxed it would start being regular again. Much to my surprise it did just that and, more important, it has not to my knowledge skipped since. The simple fact was that the entire affair was produced by nothing but nervous tension.42

With the arrival of Karl T. Compton in 1930, the discord and lack of direction at MIT came to an end. The son of a clergyman, Compton was one of three remarkable brothers, each of whom would preside over a college. “KT,” as his many friends called him, came from Princeton University, where he had been chairman of the physics department. He was likable, intelligent and, most important for the job at hand, had great tact. He neither relished the limelight nor demanded credit for his contributions. He had the rare ability to make others feel as if they got their own way even as he got his.

Compton moved to cure MIT of its diseased administration. He also strengthened scientific studies at the institute, which suffered from subordination to engineering. He brought in a young scientist to chair the physics department and broadened the charter of the chemistry and mathematics departments. He added more intellectual backbone to the various engineering disciplines, which still retained the “odor of the shop,” stressing “mechanical skill” and “mathematics and physics couched in the graphic idiom” over abstract rigor. In the process, Compton gradually brought in hundreds of additional teachers while maintaining student enrollments at roughly 3,000 a year. Finally, he sought to encourage research on campus by slapping tight limits on outside consulting done by professors.43

This last act by Compton led to his first meeting with Bush. Upon learning of the consulting limits, Bush had barged into the new president’s office, charged that the edict violated a promise made to him “in writing” and threatened to quit. As introductions go, Bush later said, this one was “not ordinarily the sort of thing that would lead to a great friendship, but it did.”

At least initially, Bush bent to Compton’s will. The new president did not rescind his consulting measure, but justified it so convincingly that, Bush said, “I changed my tune completely” and became a Compton booster. Bush counted the new president as “one of the most likable men I ever knew. Everybody at MIT was so thoroughly loyal to him in every way that he could do anything. He had good sense, he was a kind individual and he was not a bloated egotist. . . . No one would hurt him if they possibly could avoid it.”44

Bush’s support for Compton did not go unrewarded. In 1931, Compton raised Bush’s salary to $10,000. In March 1932, he made Bush his second-in-command, appointing him to a newly created office of the vice-president. He also named Bush dean of the School of Engineering, one of five MIT divisions, and made Bush a member of the MIT Corporation, the Institute’s board of directors. With these promotions, Bush received another boost in salary. He now earned a comfortable $12,000 a year and received $6,000 in expense money that he need not account for.

Compton and Bush made a good team. Seeing in Bush’s tenacity and belligerence the ideal foil for his own generous and gentlemanly ways, Compton embraced Bush as his alter ego. Often, this meant that decisions involving money and staff were not made until both men issued their approval. Once a faculty member, seeking funds for a machine for nuclear research, appealed to Compton on a Saturday, finding him dressed in his shirtsleeves in his own physics lab. Compton liked the proposal, but said ominously, “Well, it sounds great to me, but I’m the ‘yes’ man and Bush is the ‘no’ man, and you’ll have to see Bush too.”

The professor made a date with Bush, to whom such appeals were not always welcome. On schedule, the professor arrived at Bush’s office only to spend “the whole afternoon there, because [Bush] took all of his phone calls as they came in, and the consequence was [an interruption every] one or two sentences and then another protracted phone call, and one or two sentences, and then another phone call.” Bush finally ended the meeting by asking the professor for a memo. He later approved the proposal.45

Not everyone at MIT appreciated the Compton-Bush axis. When Compton told Bowles of Bush’s appointment as vice-president, Bowles criticized the choice, saying he respected Bush’s talents but not his style. It was well known that Bush and Bowles had different styles. “Bush wanted tight organization, clear lines of authority, and control, even while stimulating research,” the official historians of MIT’s electrical-engineering department have written. “Bowles, on the other hand, preferred operating in a free-wheeling, individualistic way.46

In time, Compton decided Bush and Bowles should hash out their differences. As soon as Bowles complained about Bush’s selection as vice-president, “what did Karl Compton do but go and tell Bush right across the hall,” Bowles recalled. “When I got back to [my] office, there was a telephone call from [Bush] wanting me to come in and tell him why I made the remark to Compton.” Bowles went to see Bush. “I opened the discussion by saying that I had been told many times by [D. C.] Jackson that if I got into a fight with Bush, Jackson would fire me. Because Bush was essential to him. So I had been careful. That’s what I said to Bush. Now, I said, if you hold your fire I will talk but I don’t want to get into a contest.” Bush did, and Bowles unleashed a tirade. “It was as if there was a little angel on my shoulder,” reminding him of all the “scrupulous and unscrupulous” slights he had endured at Bush’s hands. Then Bush called in his secretary and canceled his appointments for the rest of the day. He defended himself but Bowles left feeling “the scrap did some good.”47
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