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To the women of the North 24th Writers’ Workshop

No you, no book

AND

To Rick Dodd

No you, no me


Here’s to the crazy ones. The misfits. The rebels. The troublemakers. The round pegs in the square holes. The ones who see things differently. They’re not fond of rules. And they have no respect for the status quo. You can quote them, disagree with them, glorify or vilify them. About the only thing you can’t do is ignore them. Because they change things. They push the human race forward. And while some may see them as the crazy ones, we see genius. Because the people who are crazy enough to think they can change the world, are the ones who do.

—APPLE COMPUTER ADVERTISEMENT (1997)

Indiana Jones: I’m going after that truck.

Sallah: How?

Indiana Jones: I don’t know. I’m making this up as I go.

—LAWRENCE KASDAN, THE RAIDERS OF THE LOST ARK (1981)



Introduction

[image: images] A BIT LIKE LOVE

Tens of millions of people have watched the video of Steve Jobs’s 2005 commencement address at Stanford University. Executives and journalists quote from it. An exhibit at London’s Victoria and Albert Museum featured excerpts. Every year, a neighbor festoons a pair of trees along Palo Alto’s bicycle boulevard with photos of Jobs and quotes, many from the commencement address. The speech, given on a sunny June morning and lasting just over fourteen minutes, is indeed remarkable; in it, Jobs talks about his adoption, his cancer diagnosis, his work, his family, and his inspirations.

About six minutes into his address, Jobs tells the story of being fired from Apple when he was thirty years old. “The focus of my entire adult life was gone, and it was devastating,” he says. The next lines are easy to overlook but vital for anyone who wants to understand how Silicon Valley works: “I felt that I had let the previous generation of entrepreneurs down—that I had dropped the baton as it was being passed to me. I met with David Packard and Bob Noyce and tried to apologize for screwing up so badly.”1

Throughout his career, Jobs spent time with older entrepreneurs such as Intel’s Robert Noyce and Andy Grove, as well as with Regis McKenna, a former employee of National Semiconductor who founded Silicon Valley’s leading public relations and marketing firm. In 2003, I asked Jobs why he spent so much time with the semiconductor pioneers. He said he “wanted to smell that second wonderful era of the valley, the semiconductor companies leading into the computer.” He added, “You can’t really understand what is going on now unless you understand what came before.”2

Jobs did not mention it in his Stanford speech, but after he returned to Apple, he passed the baton forward to a new generation of entrepreneurs. Google cofounders Sergey Brin and Larry Page went to Jobs for advice when they were starting their company. Facebook’s Mark Zuckerberg considered Jobs a mentor.3 I once saw Zuckerberg eating dinner in the same hidden corner of a low-key Palo Alto Mexican restaurant where, years before, I had seen Jobs. Zuckerberg was in the same seat, at the same table, sitting, as Jobs had, alone, his back to the window.

The period covered in this book marks the first time that the generational handoff happened on a grand scale, as pioneers of the semiconductor industry passed the baton to younger up-and-comers developing innovations that would one day occupy the center of our lives.II The result was staggering. Between 1969 and 1976, the narrow peninsula south of San Francisco was the site of the most significant and diverse burst of technological innovation of the past 150 years. In the space of thirty-five miles and seven years, innovators developed the microprocessor, the personal computer, and recombinant DNA. Entrepreneurs founded Apple, Atari, Genentech, and the pioneering venture capital firms Sequoia Capital and Kleiner Perkins Caufield & Byers. Five major industries were born: personal computing, video games, advanced semiconductor logic, modern venture capital, and biotechnology. In this same remarkable period, a laboratory at the Stanford Research Institute received the first transmission of data from the Arpanet, the precursor to the Internet. Stanford University pioneered a model of turning faculty research into commercial products that has since earned nearly $2 billion for the university.4 The independent software industry was born.I Xerox opened the Palo Alto Research Center (PARC), which would pioneer computing’s graphical user interface, icons, Ethernet, and laser printer. Upstart CEOs with an eye to the future lay the foundation for the now-tight political alliance between Silicon Valley and Washington, DC.

These years marked Silicon Valley’s coming of age, the critical period when the Valley was transformed from a relatively obscure regional economy with the microchip industry at its heart into an economic engine whose rate of job growth has been double that of the country as a whole for the past five years.5 In the process, Silicon Valley has spawned countless imitators and numerous industries that together have created the modern world. Troublemakers charts these changes through the lives of the people who made them happen. The book opens in 1969, when the transformation is just beginning in the shadow of the Vietnam War. The story ends in 1983, after the world has begun to experience the effects of these revolutionary innovations. By that date, a new generation of innovators and industries was on the rise.

In 1969, the name Silicon Valley did not exist; it would be two years before the region renowned for its plum and apricot orchards gained its current moniker. Starter homes in Palo Alto that now sell for nearly $2 million cost $60,000, but a computer with less processing power than today’s $250 programmable thermostat cost hundreds of thousands of dollars.6 The term “biotechnology” had not been coined, and the prospect of combining genes to create a hybrid life-form sounded like science fiction. Computers occupied rooms, not desktops—and certainly not pockets or wristbands. Silicon Valley companies built products for engineers, not consumers. To the extent that the average American thought at all about computers, it was only to curse them as the culprits blamed by banks when a checkbook did not balance properly.

Today we consider Silicon Valley the hub of the information economy. In 1969, however, the Valley was a manufacturing center; 60 percent of people working in the local electronics industry worked production jobs.7 Defense-based companies such as Lockheed and GTE Sylvania were pillars of the local high-tech economy, and the sophisticated global electronics supply chain was only beginning to take shape. Federal law barred pension funds from investing in high-risk/high-reward young companies. Entrepreneurs were suspect—weirdos who could not cut it climbing the ladder in a good corporate environment.8

Yet within a dozen years, products from Silicon Valley companies such as Apple, Atari, and their competitors were reshaping how people worked and played. Insulin had been synthesized using recombinant DNA, and the Supreme Court had declared that genetically engineered life-forms could be covered by patents.9 Software companies were going public. Pension funds had invested hundreds of millions of dollars with venture capitalists backing the riskiest early-stage investments. The US economy was beginning to reshape itself around information and services, rather than manufacturing. No longer did politicians claim that what was good for General Motors and other large companies was good for America. Entrepreneurs were the new American business heroes.

The 1960s set much of the tone for Silicon Valley, as engineers and scientists built the first microchips, and entrepreneurs launched startup companies that offered generous stock options and flat organizational structures. But the dozen years that followed—the years that unfold in these pages—laid the foundation for the world we know today.

Today, when five of the six most valuable companies on the planet are high-tech firms, three based in Silicon Valley;10 when the high-tech sector accounts for 9 percent of US employment, 17 percent of gross domestic product, and 60 percent of US exports;11 when 400 hours of video are uploaded to a single platform (YouTube) every minute,12 and more than 200 billion emails are sent every day;13 when the video game industry is larger than the movie business, and the biotech industry generates $325 billion in revenues in the United States alone;14 when US manufacturing jobs continue to disappear, many of them lost to automation;15 when the electronics manufacturing and equipment industry spends almost $60 million on lobbying in a single year;16 when a sitting US president guest-edits an issue of Wired magazine devoted to the future of innovation, and his successor rides to victory through savvy use of online social networks also blamed for disseminating misinformation; at a time when our relationship with technology is so intimate that 46 percent of Americans say they cannot live without their smartphones and one-third of adults would rather give up sex than their phones17—it makes sense to ask how we got here.

Understanding our modern world means understanding Silicon Valley’s breakthrough era, and a close examination of those years makes it clear that Silicon Valley was not built by a few isolated geniuses. Anyone who has worked in Silicon Valley (or anywhere else, for that matter) knows that although the spotlight often has room for only one person, those just outside its illuminated circle are at least as responsible for the success that has given the star a moment of glory. At a party I attended a number of years ago, someone who had served as chief operating officer of a major Silicon Valley company with a superstar CEO sang a little song about this phenomenon. The only lyrics were “I did all the work. He got all the credit.” Innovation is a team sport, suffused with similar passion and drama. “When a really difficult thing is being worked on and you get synergy from the small team in just the right way, you can’t describe it. It’s like love. It is love,” says Alan Kay, a visionary computer scientist who worked at Xerox PARC, Apple, and Atari. “You’re trying to nurture this thing that is not alive into being alive.”18

Silicon Valley’s success today and for decades has rested on personal connections and collaboration that transcend companies, industries, and generations. Men and women working in Silicon Valley during the breakthrough years brought technology from Pentagon offices and university laboratories to the rest of us. The history is far richer and more complex than the isolated tales of famous entrepreneurs—yet that history has never before been told. Looking at multiple contemporaneous developments reveals the overlapping experiences and individuals that made them possible.

This history is a tale of upstarts who defied the norms of their professions and peers, not just once but again and again. The entrepreneurs were not the only mavericks in Silicon Valley. Suit-wearing attorneys, venture capitalists, and angel investors risked their careers to back barefoot hippies. Public relations experts invented a new type of all-American media darling—the high-tech entrepreneur—in an effort to make complex technology more appealing to consumers. Executives banded together across industries to influence politicians. Scientists and financiers dared to play with DNA, the very stuff of life.

Troublemakers tells these stories, which feature some of the most famous names in Silicon Valley history, while also profiling seven other individuals in depth. Bob Taylor kick-started the precursor to the Internet, the Arpanet, and masterminded the personal computer. Mike Markkula served as Apple’s first chairman, with an ownership stake equal to that of Steve Wozniak and Steve Jobs. Sandra Kurtzig, an early software entrepreneur, was the first woman to take a technology company public. Bob Swanson cofounded Genentech. Al Alcorn designed the first wildly successful video game, Atari’s Pong. Fawn Alvarez rose from an assembler on a factory line to the executive suite. Niels Reimers changed how university innovations reach the public; in the process, he helped launch the biotech industry.

I chose these seven individuals not only for what they have done but also for who they are. Their work deserves more attention. Their fascinating stories speak directly to the forces that built Silicon Valley and continue to resonate in our lives today.

The troublemakers did not always have much in common, but they shared two traits: they were persistent, and they were audacious. None of the changes they pushed came easily. Inventing the future is a fraught business. At times, the previous generation—the one passing the baton—did not know what to do in the face of new technologies. When there were no blueprints to trace with a finger and no maps to follow, the troublemakers remained undaunted. They made it up as they went along.



I. In 1969, IBM, facing antitrust action, unbundled its hardware, software, and services businesses, after which the revenues of independent software vendors exploded from $20 million to $400 million.

II. Former employees of the Valley’s first wave of innovative tech companies founded in the 1930s and 1940s (companies such as Hewlett-Packard and Varian Associates) typically had little direct involvement with the rise of the semiconductor companies that followed.



ARRIVAL

1969–1971



As 1968 turned to 1969, the United States was in turmoil. In the previous few months, assassins’ bullets had felled Martin Luther King, Jr., and Robert F. Kennedy. Police had clubbed and teargassed protestors on the sidewalks outside the Democratic National Convention in Chicago; inside, rampant dissension threatened the future of the party.I The Vietnam War was claiming the lives of 1,200 American soldiers every month. Eighty percent of the dead were between the ages of eighteen and twenty-five. Life opined, “Wherever we look, something’s wrong.”1

But in the young electronics industry that had taken root near Stanford a decade earlier, late 1968 was a time of unbridled optimism. Technology developed on the San Francisco Peninsula had helped send Americans beyond the planet’s atmosphere—and then to beam back to Earth photos taken by the astronauts. Established and important companies such as Lockheed, IBM, and Sylvania had built research or manufacturing operations in the area. The homegrown electronics giant Hewlett-Packard, now nearly three decades old, employed thousands of people. Eight microchip companies had been born on the narrow forty-mile stretch of peninsula in just the past four years. Electronics companies thrived.2 One magazine called the moment “the Age of Electro-Aquarius.”3

Meanwhile, the population of the Peninsula was exploding. The number of residents had tripled in two decades, from roughly 300,000 in 1950 to more than 1 million.4 It was as if a new person had moved into Silicon Valley every fifteen minutes for twenty years. The new arrivals were mostly young and often well educated. They tended to come from other parts of the state or the country, from Southern California or Boston or Chicago or Utah or farm towns in the Midwest. They came on their own or with families, car trunks hardly closing over jumbles of clothes and books and household goods and photos from home tucked neatly among the sheets and towels. They came because they were starting college or wanted to join the hippie scene or because they needed a job, and they knew that the electronics manufacturers were willing to train unskilled labor. Together these new arrivals, collaborating with those who had come before, would unleash an era of unprecedented innovation, a flowering of creativity and technical virtuosity that remains unmatched to this day.

By 1969, the newcomers had transformed the land around them. In a bucolic farming region fragrant with orchards and known as the Valley of the Heart’s Delight, the new arrivals built suburbs and shopping malls. They pressed local governments to open schools and parks. Early every spring they hosed down the orchard trees that remained to prevent messy fruit from dropping on manicured yards and still fresh sidewalks.

At first the changes were hardly noticeable. “We watched the electronics factories spring up like mushrooms from Redwood City to San Jose, and we did not in the least realize or understand the magnitude of the transformation,” recalled Stanford professor and novelist Wallace Stegner. “Then one spring we drove through and the endless froth of blossoms was no more than local patches. One summer we found that there were no longer any orchards where we could pick our own apricots at a pittance a pailful.”5

By 1969, the newcomers had created a new business culture, much of it centered around silicon microchips. Silicon came to the Valley in 1956, when Nobel Laureate William Shockley launched a company to build transistors. The very next year, eight of Shockley’s top young scientists and engineers left to launch Fairchild Semiconductor, the first successful silicon company in Silicon Valley.6 In the ensuing dozen years, Fairchild gained renown for the quality and innovative record of its researchers, engineers, and sales and marketing teams. The company was also a huge financial success. In 1965, it was the fastest-growing stock on the New York Stock Exchange, its share price rocketing fifty points in a single month.7 Fairchild’s success inspired others to want to start their own companies, and the first of many waves of entrepreneurial frenzy gripped the valley.

Much was being lost on the San Francisco Peninsula. Much was just beginning. A bucolic paradise was being plowed under, and it seemed that anything was possible.



I. The convention marked a turning point for the Democrats. The party won seven of nine elections between 1933 and 1968 and then lost all but three of the ten between 1968 and 2008.



Prometheus in the Pentagon

[image: images] BOB TAYLOR

It started with a crash. On October 29, 1969, a $700,000 Sigma 7 computer at UCLA sent a command to a slightly leaner SDS 940 machine at the Stanford Research Institute.

The UCLA machine looked formidable. A half-dozen or more refrigerator-sized components lined the perimeter of a special room dedicated to their use, the entire operation controlled by an expert sitting at a typewriter-looking console in the center of the room.

But when the UCLA machine sent its command—LOGIN—up the California coast, the Stanford computer crashed before the word, typed letter by letter, even got past G.

After a bit of reprogramming, the message was sent again and received, and the first computer network, called the Arpanet, was online.1

This transmission, often hailed as the “birthday of the Internet,” has been celebrated in conferences, books, speeches, and news reports. Plaques have been erected in its honor. One man who worked on the network at UCLA has since recast the failed initial login in biblical terms: “And so the very first message ever sent over the Internet was ‘Lo!’ as in ‘Lo and behold!’ Quite a prophetic message indeed.”2

Of course, no such message was intended. That LOGIN was the computing equivalent of Alexander Graham Bell’s “Mr. Watson, come here”: a practical effort to determine if a message had been received. Whatever importance the LOGIN transmission has achieved by now, back in 1969, the sent message was not a momentous achievement. At UCLA and Stanford, there was a bit of applause and a lot of relief but no announcements from press offices, no reporters waiting to hear if the connection would work. A simple notation in a UCLA log book, “2230, Talked to SRI host to host,” served as recognition. At the universities—and at the Pentagon, where the Department of Defense had funded this new network; and in Cambridge, Massachusetts, where a small company called Bolt Beranek and Newman was building the equipment and writing much of the software—most people involved with the network scarcely paused to note the transmission.

And Bob Taylor, the man who had jump-started the network, paid no attention at all.
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Three years earlier, in 1966, three thousand miles from Silicon Valley in Washington, DC, Taylor had been walking back from lunch with his new employee, twenty-three-year-old Barry Wessler. To be more exact: Taylor was walking, and Wessler was sneaking in the occasional half jog to keep up. Taylor—thirty-four, slight, a cloud of pipe smoke obscuring a face that reminded more than one person of John F. Kennedy—did nothing at a sedate pace. Every morning Taylor squealed his rare BMW 503 into the giant Pentagon lot after driving as fast as possible from his home in suburban Maryland. He grabbed his heavy, hard-leather briefcase, clenched his pipe between his teeth, and strode through the halls of the Pentagon to his office in the D-ring, stepping neatly around the soldiers on adult-sized tricycles who rode up and down the endless corridors and the ramps between floors, delivering mail. Or he would skip the office and head to the airport for a trip to Boston or Pittsburgh or Palo Alto, so he could check on the research he was funding with an annual budget of $15 million to advance computer technology.

Taylor and Wessler worked at the Advanced Research Projects Agency (ARPA), which oversaw research initiatives for the Department of Defense. (ARPA is today called DARPA.) Taylor ran ARPA’s Information Processing Techniques Office. The $15 million he had to work with was only a tiny fraction of ARPA’s $250 million annual budget, but he could direct it all toward computing.3

The Department of Defense believed that advanced computing would give the United States an edge over the USSR, and Taylor, too, was an ardent believer in the promise of computers. He thought that no other technological field was “able to so strongly affect all other areas of human endeavor.” Moreover, he was confident that “in no other domain is there a greater technological distance between the United States and the rest of the world.” Computers, he believed, would help the United States win the Cold War.4

Walking with his protégé, Taylor stopped for no apparent reason. “Let’s take a little detour, Barry.” Taylor tended to bark, not because he was angry but because he was impatient. He pivoted on his heel and began walking in the other direction, Wessler close behind.

A few minutes later they were beelining through the E-ring, where the muckety-mucks of the Pentagon had offices behind thick wooden doors guarded by secretaries. With a jovial “Hi. I’m just going in to talk to him,” Taylor swept past the secretary of an assistant secretary of defense. Before the desk attendant could even push back her chair, Taylor had opened the office door, slipped inside, and taken a seat.

Wessler sat down next to him, stunned. Only minutes before, Taylor had been complaining about the byzantine rules of communication within the Pentagon, laying out how if one man wanted to speak with another of higher rank or status, protocol dictated that the lower man’s secretary call the higher one’s secretary to set up a phone call, and then, at the agreed-upon time, the lower-level man’s secretary had to call the higher man’s secretary and then get the lower-level man on the line before the higher-level man’s secretary would bring her boss on. “A lot of work just to talk to a guy,” he had groused.

Barging into the office of a man several reporting levels above him, Taylor had just broken every rule.

Meanwhile, the assistant secretary, surprised at his desk, had risen to his feet, face blazing. His secretary began apologizing.

Taylor began talking about the projects his office was funding: what he was excited about, where he had concerns. The next thing Wessler knew, the assistant secretary was walking back around to his seat, dismissing his secretary, listening, and nodding his head.5
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The primary function of bureaucracy, Taylor believed, was to block communication, and nothing irritated him more than obstacles that prevented people from sharing ideas and getting feedback. Taylor, like any good Texan, loved football—he always regretted having been too small to play in college—and for his entire career he anticipated any encounter with a bureaucratic system as a new play to strategize. Should he barrel through, as he did in the assistant secretary’s office? Or should he finesse the situation to his advantage? Both finesse and assertiveness could get him what he wanted.

It was Taylor’s good fortune that the director of ARPA, Charles Herzfeld, felt the same way about the Pentagon’s bureaucracy. Herzfeld, a University of Chicago–trained physicist from Vienna, was, in one memorable description, “an old Washington hand who knew high-level B.S. when he heard it and wasn’t afraid to call it by name.”6 An informal conversation between the two men—one that came about when Taylor raced up to Herzfeld’s office in the E-ring and rapped on the door—led to the October 29 transmission that brought the Arpanet online.

When Herzfeld invited him in, Taylor saw no need for a preamble.

“I want to build a network.”

Tell me more, Herzfeld responded.
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Bob Taylor had taken an unconventional path to become what he liked to call a “computerist.” His first encounter with a computer had been a nonencounter. Taylor was finishing a master’s thesis in physiological psychology at the University of Texas. His research, to determine how the brain locates the origin of a sound, had yielded pages of data that he needed to analyze. His adviser sent him to the university’s computer center to run the data through a statistical tool on the school’s prized machine.7

The computer center was cavernous. A wall separated the room-sized computer from its users. In front of the wall, a student in a white lab coat sat at a high desk. Taylor could not see much of the machine, but he could hear its dull humming behind the young sentry.

Yes, the student said, Taylor could use the computer. He went on to explain how. First, Taylor needed to take an empty stack of cards that were roughly the size of dollar bills to one of the center’s keypunch machines. He then needed to type in his data by punching a specific pattern of holes, up to 72 digits per card, that corresponded to his data set. The computer would read the cards—

Taylor interrupted, not sure he had heard correctly. “You mean I have to sit down and punch holes in these cards to get my data in, and then I have to take the cards over to the computer, and I give the cards to a guy who runs them through the computer, and I go away and come back and get the results on a long printout of paper?”

The student said that Taylor had it right. It could take several hours or even days, depending on demand, for the printout to be completed.8

Taylor thought that system was ridiculous. “I’m not going to do that,” he said.

He left the building, irritated. There’s got to be a better way, he thought. It would be just as fast to input by hand every calculation into the lab’s Monroe calculator, a heavy, typewriter-sized beast with more than a hundred round clacking keys. And that was exactly what he did.

About a year after graduating, Taylor took a job at the Glenn L. Martin Company (now Martin Marietta) as an engineer to work on the system design for the Pershing missile. It was a desk job with a twist. He analyzed and integrated the computerized test and checkout processes, and he also occasionally donned a special suit and ran parts of the missile through trials in a cold-test lab so frigid that he was warned to blink frequently so his eyeballs did not freeze.9

During a break at Martin, Taylor read a paper that changed the course of his career. Just over seven pages long, it appeared in a new technical journal, IRE Transactions on Human Factors in Electronics. The paper addressed what its author, J.C.R. “Lick” Licklider, called “Man-Computer Symbiosis.” Like Taylor, Licklider was a quantitatively oriented psychologist whose work was more about the physics of perception than the nuances of private feelings.

The paper was less a report than a vision: “The hope is that, in not too many years, human brains and computing machines will be coupled together very tightly, and that the resulting partnership will think as no human brain has ever thought and process data in a way not approached by the information-handling machines we know today.” The computer, in Licklider’s imagining, could become something more than a tool for calculation; if responsive and easy enough to use, it could help a person to think and create.10

“When I read [the article], I just lit up,” Taylor recalls. “I said, ‘Yes. That’s the answer to my key punch dilemma. That’s worth working on.’ ”11 For years, he had been hearing that a computer was like a giant brain, but he had never before understood the comparison. The overgrown calculator in the University of Texas computer center and its cousin machines around the world were nothing at all like the human brain. Licklider’s interactive computers, however, were brainlike: tools that extended humans’ capacities to think and create.

Two years after reading Licklider’s article, Taylor met the author. Taylor was then working at NASA, allocating money for computing research, and Licklider was running the Information Processing Techniques Office at ARPA, a job Taylor would himself assume a few years later. The two men became friends, so much so that Licklider’s wife, Louise, would later tell Taylor, “You are a very special son to us, and we love you.”12 Licklider and Taylor traveled together for work and enjoyed many evenings on the road in small, unassuming bars. Sometimes they would talk about their jobs, sharing ideas about the researchers who were pushing to attain Licklider’s vision, but just as often they shared personal stories. One memorable time, Taylor, who sang and played guitar, took the stage with a folk band in Greece, and Licklider insisted on staying until early morning to hear every piece his colleague played.
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Taylor joined ARPA’s Information Processing Techniques Office in 1965 as assistant director to Licklider’s successor, Ivan Sutherland, another leading proponent of interactive computing. Taylor and Sutherland worked closely together—they were the only people in the office, aside from a secretary—and Taylor enjoyed traveling to the many campuses where ARPA had funded the development of new computer science programs. Before 1960, there were no computer science departments. People interested in computing clustered in engineering, math, or physics departments. But the ARPA money allocated by Licklider, Sutherland, and Taylor had changed all that. Now schools such as MIT, Carnegie Mellon, the University of Utah, the University of Illinois, the University of California at Berkeley, and Stanford had fledgling computer science departments. Many of these departments were built around a new type of computer whose development ARPA had also helped fund. The machines, called time-sharing computers, could switch from running one person’s program to running the next person’s so quickly that each user, sitting alone at one of many typewriterlike terminals, often had the illusion that the computer was working exclusively on his or her program. Time-sharing computers did not require punch cards and displayed some results immediately.

Taylor, who racked up more than 500,000 miles on United Airlines alone during his four years at ARPA, developed a bit of a routine for each visit to the universities’ computer science programs.13 He would rent a cheap car, head to campus, and, after following up with the research team to offer assistance, would find the graduate students who cared about computing. Graduate students, Taylor felt, did the most interesting work in the field.

To Taylor’s surprise, many students told him that the time-sharing computers had helped them find friends and colleagues. A person could log on to the computer, look in a directory to see what had changed since his or her last login, and then, if a new program or clever bit of code had been added, it was easy to tell who was responsible and invite the coder for a beer. Licklider had envisioned computers that helped people to think and create by connecting one person to one machine. Now Taylor saw the potential for computers to do even more: to connect one person to another. A time-sharing computer, in one sense, was the hub of a wheel with people at the end of each spoke.

Taylor believed in the power of communities built around a common core. A clinical psychologist (of the sort Taylor did not want to be confused with) might point out that Taylor had been raised in precisely this type of community.IV In 1932, when Taylor was twenty-eight days old, a Methodist minister and his wife had adopted him. Taylor describes his father as a quiet intellectual (“not the pulpit-pounding preacher you might imagine”) and claims that he “introduced southwest Texas Methodism to existentialism in the late 1940s.” Jobs were scarce in Texas in the middle of the Depression, and Taylor’s earliest memory, from when he was three, is leaving church with his parents after a prayer meeting and finding the back seat of the family car filled with food—his father’s pay for the month.

By the time Taylor was twelve, he had lived in six towns, most of them tiny. Yet wherever he lived, he was immersed in a world of church socials, church potlucks, church services, and church camp. He spent several summers at a camp in the Texas hill country set aside for Methodist ministers and their families. It is easy to imagine that from his peripatetic-but-rooted childhood he imbibed a lesson that would help him understand the potential of a network connecting people around the world: that community comes not from geography but from shared beliefs and interests.III

[image: images]

Taylor was particularly interested in connecting the right people with one another. For a minister’s son who had once wanted to be a minister himself, he could be merciless in his judgments. To him, people were either geniuses or duds. He was interested in the geniuses. Once he found someone worth finding, he considered it his calling to help that person meet and work with others of the same caliber.

To this end, one of Taylor’s early moves at ARPA was to revamp the mandatory meetings of the lab leaders, or “principal investigators,” funded by the Information Processing Techniques Office. Taylor turned the principal investigators’ meetings into destination events. Under Licklider and Sutherland, the meetings had been relatively short—a few hours, maybe—and folded into a larger meeting such as the Fall or Spring Joint Computer Conference, which the principal investigators would be attending anyway. Now Taylor scheduled them for appealing times and places (Alta, Utah, during ski season; New Orleans during Mardi Gras; Hawaii in the dead of winter) and planned the formal sessions so as not to conflict with the best hours on the slopes or watching the parades in Fat City. Taylor wanted the principal investigators to interact again and again, not only around conference tables but also on a chairlift or at the beach.

At the formal sessions, Taylor asked each principal investigator to give a talk, urging him to prepare the kind of presentation he would like to hear. After the talks, he says, “I got them to argue with one another, which was very healthy, I think, and helpful to me because I would get insights about strengths and weaknesses.”14

In the meetings, Taylor set himself up as an outsider, more conductor than musician. For him, it was not a difficult role to assume. Nearly everyone else had a PhD in physics, engineering, or math. (Computer science was still such a young field that the first generation of PhDs was only beginning to graduate.)15 Taylor, meanwhile, had a master’s degree in psychology. Almost everyone else in the room came from one of the coasts or had been educated there. Not Taylor. In a Texas twang, he talked up his summer jobs herding cattle—he had once climbed onto the back of a 2,000-pound Brahma bull, just to see what would happen—or working in the oil fields.

Years later, he would discover that some of the principal investigators had been unhappy to have him in charge. He was the only head of the Information Processing Techniques Office not to hold a doctorate and the only one to have taken the job without a significant record of contributions to the field.

Taylor nonetheless says that for the entire time he was at ARPA, he had no sense of inferiority, even though he knew that he had not been the top choice to succeed Ivan Sutherland as director of the office.16 “There was not a one of them who I thought was smarter than me,” he says. (“I thought Lick was smarter than me,” he adds.) Taylor had graduated from high school at sixteen, had an IQ so high (154) it was written up in his small-town newspaper when he was a child, and finished college with a double major in psychology and math, as well as substantial course work in religion, English, and philosophy.17 He did not possess the principal investigators’ depth of computer science knowledge, but the breadth of Taylor’s mind was wide and his chutzpah, limitless. He was unafraid to fire question after question in meetings, an assertive technique that nonetheless often helped the experts clarify their own thinking. (As Barry Wessler put it, “Bob would not necessarily have a firm technological grasp on the details, but you would come in because you had a problem, and you’d walk out with a solution.”) Taylor’s different background also meant he had nothing invested in any technical or social orthodoxy and could maintain a useful distance from the principal investigators. He had not gone to school with any of them. He was not their colleague or student, nor would he train students who might want to work in their labs.

As Taylor listened and probed at the principal investigator meetings and on university campuses, an idea began to pull at the edges of his mind. Almost all of the principal investigators worked on time-sharing computers; why not come up with some way to connect the computers to one another? If connecting a few terminals to a time-sharing computer had brought together diverse users on the individual campuses, imagine what could happen if each of those time-sharing machines, with its dozens of users, was connected to other time-sharing machines. The community would grow and grow, until it became what Taylor would come to call a networked “supercommunity” or “metacommunity.”18 A network, he wrote in 1968, could “overcome the geographical barriers which prohibit the cooperative working together of people of common interests—be they students, scientists, soldiers, statesmen, or all of these.”19

Taylor resolved to build this network one day when he was back at the Pentagon and happened to turn his head to look at the entrance to the small room next door. He spent a lot of time in that room, which housed three computer terminals, each one linked directly to a different time-sharing computer: one at MIT, one at Berkeley, a third at the System Development Corporation in Santa Monica. The three computers could not talk to one another.20 But Taylor, who participated in all three computing worlds, knew that the ideas and problems being addressed in each place were similar. “You don’t have to be half smart to see this thing ought to be designed such that you have just one terminal and you can go wherever you want to go,” he said years later, recalling his thoughts when he had looked at the array of machines and imagined a network connecting them.21

Taylor said that he went to ARPA wanting to do “one big thing,” and in this computer network, he saw his opportunity. Networks had come up before in a “wouldn’t it be nice” kind of way, and Licklider had outlined his thoughts on what he called an “intergalactic network” in 1963 in a memo to principal investigators. By the fall of 1966, when Taylor turned to look at the three terminals, he and Licklider had been friends for years, but Taylor says he had never connected his ideas to Licklider’s imagined “intergalactic network.” Nor did he and Licklider talk about a computer network until after the Arpanet project was under way, he said, though Licklider supported the idea once he heard it. Taylor says, “It could be that our discussions subconsciously prompted me to say maybe we can connect all these computers. I just know that it wasn’t explicit.”22

Taylor moved the network idea from “wouldn’t it be nice” to “we can do this—now.” He understood that there were enough people in computer science—hundreds—who would value being networked to each other and who also could figure out how to build the network. To demonstrate that a network was technically doable, he funded a small experiment to send a few bits back and forth, rather slowly and across telephone lines, between a TX-2 computer at MIT’s Lincoln Laboratory and an incompatible Q-32 computer at System Development Corporation. The experiment also made clear that long-distance communication between two different computer systems, though feasible, would require a huge amount of work to be made quick, reliable, and scalable.

There was one more reason why the time to build a network was now, Taylor knew: ARPA would pay for it. If the project had to be funded piecemeal, with different government agencies or universities each financing a portion of its development, the work would be slowed down by endless bickering around fair shares and conflicting reporting procedures and requirements.

Taylor likely marshaled all these arguments in the fall of 1966 as he sat forward on his chair in Charles Herzfeld’s office, explaining why ARPA should fund a computer network. (Neither Taylor nor Herzfeld has an exact memory of the conversation, nor is there a written record.) Taylor’s primary interest was in connecting ARPA-funded researchers and thereby amplifying the power of their brains. He told Herzfeld that a computer network would enable principal investigators at one site to use programs and data at other sites, thereby cutting down on wasteful duplication. Moreover, because the network could connect different types of machines, there could also be a direct payoff for the Department of Defense: a network would free up people in the field or at the Pentagon to buy the best computer for a given job, rather than being locked into a single system for everyone. And, Taylor continued, it was worth building this network only if it could be fast. Otherwise, “the illusion of being a local user, near the computer, [would] be destroyed.”23 Contrary to popular beliefs about the origins of the Internet, there is one important argument that Taylor did not make for the network: he never claimed that the network would be good for national security.24 Later, Herzfeld and his successors, petitioning Congress to continue funding for the Arpanet, would argue that the network could enable communications to continue even in the event of a nuclear attack. But that was not a motivation for the network’s creation.

Herzfeld had been quiet for almost half an hour while Taylor made his case. Both men knew that the Information Processing Techniques Office budget was committed for the fiscal year. But it was not unusual to fund a new project using money earmarked for something else and then to write the new project into the next year’s budget as maintenance of an ongoing effort. Congress seemed much more inclined to fund projects already under way than to take risks on new ones.

Taylor was raising his eyebrows, as he often did to indicate that it was someone else’s turn to talk.

Herzfeld nodded. This was not the first time he had heard of a network. Years earlier, he had listened as Licklider had shared his vision of a giant computer network. It had been just a dream at that stage (as its “intergalactic” name made clear), but now, according to Taylor, the network could be real.25

“Do it.” Herzfeld said. He told Taylor he could spend at least $500,000.26
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Convincing other people was much more difficult. The network project was a departure for both the Information Processing Techniques Office and ARPA. Under standard procedure, a researcher, usually at a university, would initiate a project and submit a proposal for funding. Often the “proposals” were conversations, since most of the researchers were known to Taylor. Indeed, many formal proposals were written months after the projects had been funded.

The network project, by contrast, was initiated by ARPA—more specifically, by Bob Taylor, who was determined to see the network succeed. Taylor’s first move was to hire Al Blue, an expert in ARPA’s legal, contractual, and financial protocols, to document the network program. Blue, who had worked at ARPA for years, could not believe the “strange dichotomy” between the computing world surrounding the Information Processing Techniques Office and the reality experienced by the rest of ARPA. While Taylor’s office was funding state-of-the-art time-sharing machines and now a new computer network, the rest of ARPA ran on the punch-card batch-processing computers of the sort that Taylor had refused to work with when finishing his thesis. For certain reports, Blue would leave his Information Processing Techniques Office with its sleek terminals and high-level talk about coding and networking to drop off his hand-annotated papers for an operator at Cameron Station to keypunch onto cards for the computer. With his new perspective from Taylor’s office, Blue now saw the approach he had been using for years as “primitive.”27

It is a measure of how much the network project meant to Taylor that, to ensure its launch, he was willing to increase his bureaucratic and paperwork responsibilities to the point that he needed to hire new staff. In addition to Blue, he needed a program manager. The network, only one of seventeen projects Taylor was funding, was going to send messages among incompatible computing systems at a time when there were no agreed-upon standards for operating systems, programming languages, or word sizes.28

Taylor had neither the technical expertise nor the time to take day-to-day responsibility for the network’s construction. He needed somebody whose technical instincts he could trust and, moreover, someone whom the principal investigators could respect. He knew whom he wanted for the job: Lawrence G. Roberts, a lead researcher at MIT’s Lincoln Lab. Roberts held a PhD in engineering from MIT and had made major contributions in the field of computer graphics before he worked on the small proof-of-concept networking project that had brought his talents to Taylor’s attention. He was a tenacious and productive scientist, and already, at twenty-nine, a leading figure in the field.

There was only one problem. Roberts did not want to run the networking project. He did not want to leave his own research. He did not like the idea of reporting to Bob Taylor, not because of anything personal about the man, but because in the universe in which Larry Roberts was educated and now lived, it just wasn’t right for a guy with an MIT PhD in engineering to report to a guy with a master’s degree in psychology from the University of Texas.

So when Taylor asked Roberts to come to ARPA to take charge of a new computer network, Roberts said no. He refused again a few months later and again after that.

But Taylor wanted the network to happen, and he wanted Roberts to make it happen, and Taylor was stubborn. He found a way to get Roberts—blackmail.29

Taylor asked ARPA director Charles Herzfeld to call MIT’s Lincoln Lab and remind the head of the lab that 51 percent of its funding came from ARPA. Then he asked Herzfeld to suggest that the head of the lab let Roberts know that it would be in his best interest, and the best interest of the lab, to take the ARPA job overseeing the network.

Not too many days later, Roberts was called into the office belonging to the head of Lincoln Lab and told, “It’d probably be a nice thing for all of us if you’d consider this.”30

By December, Roberts was in Washington, DC. The next month, he reported to his new job as program manager for the network.31

Privately, however, Roberts did not think of himself as the program manager. Instead, he was the office director in waiting, who would assume control as soon as he had a chance to learn the paperwork and reporting niceties of the job. Taylor was a placeholder for the succession that should have happened, a succession that Taylor’s predecessor Sutherland had wanted: from Licklider, to Sutherland, to Roberts.32

It is a credit to both Taylor and Roberts that their differences never surfaced publicly. When the Roberts family first moved down to DC from Boston, they spent the Christmas holidays with Taylor’s family. Within a short time, such socializing ended, but Taylor and Roberts always maintained a cordiality in the office, even after Roberts was named chief scientist and began reporting to the deputy director of ARPA, rather than to Taylor; even after, in some people’s minds, Roberts seemed to want people to think that he, not Taylor, ran the Information Processing Techniques Office.

Taylor let Roberts say what he wanted. What mattered was getting the network built, and Roberts was the man to do it. Hiring him, Taylor later said, “was probably the hardest and most important [element] of my Arpanet involvement.”33

Roberts, five years younger than Taylor, was slight and tall, with a cleft chin, intense dark eyes, and a hairline that appeared to have been beaten into retreat by his blazing mind. Roberts ran at only two speeds: off and full throttle—and no one ever saw the first. “When you were working with Larry, you came into the office and you hit the ground running, and you did not quit running until the whistle blew, and then you ran some more. He was on the go every minute. When Larry ate a meal it was like shoveling coal into the steamboiler,” Blue recalls.34 He proved an inspired choice to run the network.

In March 1967, Roberts and Taylor, jointly leading a meeting of ARPA’s principal investigators in Ann Arbor, Michigan, told the researchers that ARPA was going to build a computer network and they were all expected to connect to it. The principal investigators were not enthusiastic. They were busy running their labs and doing their own work. They saw no real reason to add this network to their responsibilities. Researchers with more powerful computers worried that those with less computing power would use the network to commandeer precious computing cycles. “If I could not get some ARPA-funded participants involved in a commitment to a purpose higher than ‘Who is going to steal the next ten percent of my memory cycles?,’ there would be no network,” Taylor later wrote. Roberts agrees: “They wanted to buy their own machines and hide in the corner.”

In the face of this lack of interest, Taylor and Roberts increased the pressure. They explained that ARPA would not fund new computers for principal investigators until the existing computers were networked and, in Roberts’s words, “you have used up all of the resources of the network.” Taylor and Roberts also said that if the principal investigators wanted to make sure the network did not become the resource drain they feared, they should help design it. 35

The tenor of the meeting began to change as many of the principal investigators, despite their initial reaction, became intrigued with the concept of a network. Though trepidatious, they could not resist the appeal of the problems involved. As Robert Kahn, an engineer who joined the project later, put it, “The effort to actually create the ARPANET design was actually a pretty intense intellectual activity . . . like the first missile that you send up, or the first rocket into space; you don’t know if it’s going to work or survive.”36 The opportunity to build something from scratch, using cutting-edge ideas and designing every part of the system, appealed to the researchers. Roberts led a technical discussion that grew quite animated, while Taylor kept pace, making sure that the fine-sounding ideas could be translated into practical reality. “Somebody would say, ‘Well, that is going to mean that you will have to buy a bunch of something-or-others,’ ” recalled MIT’s Wes Clark, who was at the meeting, “And Bob Taylor would say, ‘Well, let’s see, I guess we can just take that out of something-or-other program funds.’ And he would turn to Al Blue [the expert in ARPA compliance] and say, ‘Can we do that, Al?’ And Al would think for a half a second and say, ‘Yes, we can do that.’ ”37

The technical discussions in Ann Arbor ran so long that they continued while Taylor drove a number of participants to the airport. During the car ride, Wes Clark proposed an idea: rather than networking computers together directly, the group should build an underlying backbone network of routers to streamline connections between computers and help make the network more reliable.38 His contribution was critical.

Taylor kick-started the network. He got it funded. He helped to cajole researchers to contribute to it. No wonder Paul Baran, the inventor of packet switching, called the Arpanet Taylor’s “baby.”39 But after the Ann Arbor meeting, once it was clear the network was going to be built, Taylor stepped back and Roberts stepped forward.

Roberts spent hours sketching out possible network configurations and meeting with principal investigators in subgroups that addressed topics ranging from software protocols to hardware design, to appropriate bandwidth allocations, to packet storage and routing. By summer 1967, a number of key issues had been resolved. The network would be packet-switched and run on a subnet system of the sort Clark proposed. The first four nodes would be at UCLA; Stanford Research Institute; the University of California, Santa Barbara; and the University of Utah. Consensus usually dictated such decisions, but it was Roberts who cast the deciding technical vote if necessary.

By mid-1967, Taylor’s primary role in the network project had shifted to keeping his bosses at ARPA informed and excited so that funds would flow unimpeded. He spent much of the Christmas holidays at Licklider’s house, coauthoring an article to introduce the notion of networking to the business world. “In a few years, men will be able to communicate more effectively through a machine than face to face,” Taylor and Licklider wrote in “The Computer as a Communication Device,” published in Science and Technology the following spring.40 The coauthors explained how networks would enable people to “interact with the richness of living information” in a new way, not as passive readers or learners but as active participants. The article ended with a prophetic statement about networking: “For the society, the impact will be good or bad, depending mainly on the question: Will ‘to be on line’ be a privilege or a right? If only a favored segment of the population gets a chance to enjoy the advantage of ‘intelligence amplification,’ the network may exaggerate the discontinuity in the spectrum of intellectual opportunity.” Taylor estimates that this article was seen by “essentially no one.” The magazine (“for the technical men in management”) failed soon after the article was published.II

Taylor says that he intervened in the network project one other time after the Ann Arbor meeting. In July 1968, the Information Processing Techniques Office issued a request for bids to build the network. This huge job required writing complex software, designing and building specialized routers called interface message processors (IMPs), and any number of other tasks. Twelve companies submitted bids.41 Taylor says that a subcommittee of the networking group selected a large military defense contractor, Raytheon, to do the job. Taylor thought Raytheon was a terrible choice. The winning company would have to work with the academic researchers. Raytheon’s command-and-control culture would not mesh well with the “you can’t make me do it” academic culture. “It was just oil and water; it would not mix,” he says.42

Taylor overruled the subcommittee and awarded the contract instead to Bolt Beranek and Newman, a small firm where Licklider had once worked and that was staffed mostly by MIT grads. Taylor believed the cultural fit would be better.43 The issue was not technical, but about human interactions, and the person with the final say was not an engineer but a psychologist.44
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Taylor had many more responsibilities than the network, which by this time was being called the Arpanet. He was involved in the launch of a new program in computer graphics at the University of Utah, a program whose graduates would come to include the founders or key minds behind Pixar-Disney Animations, Adobe, Silicon Graphics, Xerox PARC, and Atari.45 Forever concerned about getting like-minded people together, he also initiated a conference for graduate students working with his principal investigators. Many of those students would go on to do pioneering and critical work in computer science.

Taylor continued to travel to visit principal investigators, all of whom had ARPA-funded projects they were working on in addition to the network. A demonstration by one of those researchers, a craggy-faced forty-two-year-old engineer named Doug Engelbart at the Stanford Research Institute, impressed Taylor. Taylor had quietly been supporting Engelbart’s rather out-there research since 1961, when Taylor, then at NASA, had funded Engelbart to build a new interactive computing system that included, among its many innovative features, the world’s first computer mouse.46 (Taylor later said, “Remember when NASA was advertising Tang [the bright-orange-colored drink consumed by astronauts] as its big contribution to the civilized world? Well, there was a better example, but they didn’t know about it.”) Taylor’s respect for Engelbart only grew when, in the first meeting about the Arpanet, the researcher, alone among the principal investigators, expressed immediate support. Engelbart volunteered Stanford Research Institute to archive documents related to the project and make them available as paper copies or, later, via the network itself.

When he had moved to ARPA, Taylor had continued to fund Engelbart’s work, directing some $500,000 (nearly $3.6 million in 2016 dollars) to the researcher. He was forever pushing Engelbart, who was by nature soft-spoken and self-effacing. At a dinner in about 1966, Taylor turned to the researcher abruptly. “The trouble with you, Doug, is that you don’t think big enough,” he said. “What would you really want to do?” When Engelbart, flustered, admitted that if he had enough money, he would buy a million-dollar time-sharing computer that would enable him to test and evolve his ideas more quickly, Taylor said, “Well, let’s write a proposal.” And they did.47

In October 1967, Taylor went to the Stanford Research Institute to attend an invitation-only review of Engelbart’s new computer system, called NLS (for oNLine System). Engelbart assembled the few visitors at a number of terminals, and, wielding his newfangled mouse in one hand and a specialized chord keyboard he had developed in the other, he demonstrated the closest approximation of Licklider and Taylor’s vision for computing that Taylor had seen. Here was Engelbart, showing how he could edit documents by pointing and clicking on a screen, in 1967, when most machines could only show information by spitting out fanfold paper. Here was Engelbart toggling between multiple windows. Here was Engelbart urging the participants to play with their terminals and see how they could pull up new information by highlighting certain words: the world’s first demonstration of hyperlinks. Here was Engelbart giving what amounted to an interactive rudimentary PowerPoint presentation. Anything he typed on his computer would appear on the other terminals, and if anyone at those terminals moved a mouse to track a spot on his individual screen, the tracking was visible on all the other terminals.

Taylor had been promoting interactive computing for years, and here was Engelbart doing it. The presentation was not a complete surprise, since Engelbart had kept Taylor abreast of his progress, but it was impressive nonetheless.

There was even more to come. Engelbart explained that everything he was doing could work on the Arpanet, once the network technology was sophisticated enough. A researcher in California would be able to point to a spot on his interactive terminal, and thousands of miles away, at MIT for example, someone else on a networked computer would be able to see that cursor move.

Taylor told Licklider about the demonstration, and the two men included a detailed description of it in their 1968 “The Computer as a Communication Device” article. They told their readers, “If our extrapolation from Doug Engelbart’s meeting proves correct, you will spend much more time in computer-facilitated teleconferences and much less en route to meetings.”

More significantly, Taylor insisted that Engelbart find a way to show more people what this system could do. “I was working with the rest of the computer world, as well as with Engelbart,” he recalls. “Engelbart’s project was way off in weird land, compared to all my other projects, and I wanted the other project people to see it.”

“This was the future of computing, as far as I was concerned,” he explains.48 While the field of human-computer interaction was attracting more interest every year, only a handful of people—Engelbart’s lab team and the invited participants in the project review—had seen a physical demonstration of its possibilities, and then only in a low-key way. Reorienting the trajectory of computer science would require something much bigger and much more dramatic.
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You need to show more people what you are doing, Taylor told Engelbart again at the end of the invitation-only demo. Engelbart admitted he had considered it, largely because he was afraid that “if we didn’t get people’s attention, ARPA would have a hard time maintaining its support for us.”49 Taylor and Engelbart batted around ideas of venues that might make sense for a public demonstration and settled on the Fall Joint Computer Conference. The conference, one of the young industry’s two most important, would be held in San Francisco in December 1968. More than a thousand people, many of them researchers, would attend.

Engelbart liked the proposed venue but still had objections. A demonstration would be expensive. Since he could not move his system, which ran on the giant time-sharing computer Taylor had helped him write the grant for, the only way to do a demonstration would be to set up a huge display in San Francisco and somehow connect it to the Stanford Research Institute machine room some thirty-five miles south.

Taylor would not be deterred; he said his office would pay for the demonstration.50 In making that offer, he was departing from his brief at ARPA. Instead of backing advanced research, he was supporting evangelism.I But he pushed ahead, convinced that a public demonstration of Engelbart’s work would advance the field. He helped in other ways, as well. When Engelbart’s lead engineer, Bill English, determined that the only projector that could give the right effect belonged to NASA, Taylor vouched for the lab.

Engelbart’s December 9, 1968, demonstration at the Fall Joint Computer Conference has come to be known as the Mother of All Demos. Even the world’s most advanced computer scientists had never encountered anything like his system.

What a show it was. The San Francisco auditorium seated two thousand, and Engelbart’s presentation had been given the full ninety-minute slot typically split among a panel of presenters. Engelbart sat on the right side of the stage, facing the audience, his headset resting on the silvering hair at his left temple, his hands hovering above an unusual workstation that housed a standard keyboard, a special five-key chord key set, and the mouse that Taylor had seen at the invitation-only event. Above and behind Engelbart hung a twenty-two-foot-high screen that alternately projected the image of his face and the display output of his workstation’s monitor—and sometimes both at the same time, side by side or one overlaid on the other.

When the lights went down, Engelbart began speaking. His voice, amplified through the loudspeaker from the microphone on his headset, was confident, if a bit halting. “If in your office you as an intellectual worker were supplied with a computer display backed up by a computer that was alive for you all day and was instantly responsible . . .” Prompted by Bill English, who was stage-managing the demonstration and speaking straight into Engelbart’s headset, Engelbart corrected himself: “responsive to every action, how much value could you derive from that?” He allowed himself a small smile. “I hope you’ll go along with this rather unusual setting. If every one of us does our job well, it will all go very interesting.” He then whispered to himself: “I think.”

For the next ninety minutes, Engelbart showed off the same technology that had captivated Taylor. But here, so much bigger, so much louder, with the audience’s murmurs of surprise and approval punctuating the demonstration, Engelbart’s system to “augment human intellect” seemed even more incredible. Throughout the presentation, his computer buzzed and beeped, which only contributed to the overwhelming sense that this was some sort of science fiction extravaganza from a futuristic research pod.

Engelbart pulled up an imaginary shopping list and showed how he could reorder and reorganize it with the click of a mouse. He opened a link to a map. About halfway through the presentation, he explained that he wanted to connect to his lab team at the Stanford Research Institute in Menlo Park. He had been remotely using the computer at the lab, an impressive feat in itself, and now he wanted to bring in video images.

“Come in, Menlo Park,” he said. The entire audience could hear him inhale and hold his breath. Engelbart knew that connecting with Menlo Park required the perfect synchronization of two custom-built modem lines and two video microwave links relayed to San Francisco from a truck parked on a hilltop midway between the city and the laboratory.

Only after a new image flickered onto the screen—a young man’s well-manicured right hand, grasping a mouse, hove into view—did Engelbart exhale and resume his talk: “Okay, there’s Don Andrew’s hand in Menlo Park.”

And he was off again. He introduced the mouse (“I don’t know why we call it a mouse. Sometimes I apologize. It started that way, and we never did change it.”). He showed the hardware that was driving the system. He demonstrated how someone in Menlo Park could see the same document that Engelbart had on his screen and how, if the man in Menlo Park moved his mouse, the cursor (Engelbart called it a “tracking spot” or “bug”) moved on Engelbart’s own screen projected for the auditorium.

Engelbart also gave a nod to the Arpanet. Noting that his lab would be the second node on the network and the keeper of the network’s library, he explained that the network designers “plan to be able to transmit across the country [fast enough] that I could be running a system in Cambridge over the network and getting this same kind of response.”

As the presentation neared its end, Engelbart began thanking people. He mentioned his seventeen-person team. He dedicated the show to his wife and children, who were in attendance. He singled out Bill English, who had prepared and stage-managed the entire “performance,” as Engelbart called it.

Engelbart mentioned only one other person by name. He thanked Bob Taylor “for backing me all these years in this wild dream of doing this sort of thing.”

The demonstration ended. The clapping was loud and sustained, and after a few seconds, the audience rose to its feet for a standing ovation. Watching Engelbart “dealing lightning with both hands,” in one memorable description, counted for many as a near-religious experience.51 Taylor says with satisfaction that “Nobody’d seen anything like it.”
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In the spring of 1969, Taylor received good news about the computer network. The contractor Bolt Beranek and Newman, the firm Taylor had chosen over Raytheon, had used the IMP router network to transmit data between two computers acting as nodes. Taylor saw this feat as solid evidence that the network was going to work—perhaps not instantly (he knew bugs would need to be worked through) but eventually. He had accomplished his goal of doing one big thing during his ARPA tenure.

And now, he felt, he was ready to move on. He had been at ARPA for five years, longer than average.52 He had an excellent successor in Roberts.

He was ready to leave for another reason, as well. As the war in Vietnam escalated, he no longer wanted to be associated with the Department of Defense. In the first stages of the conflict, he, like many of his peers, had been moderately supportive: the South Vietnamese needed aid, he thought. So in 1967, when he was asked to go to Vietnam to help reconcile conflicting reports from computers at various bases, he had reported to an office in Virginia, where he was given a cholera shot and an ID card listing his rank as a general in the US Army, a rank he enjoyed both for its absurdity (he had last fired a gun in high school) and for its status.53 He was given two copies of the card; one, he was told, was to give to the enemy in the event of his capture.

A few weeks later, Taylor was bound for Vietnam with three friends from the office of the Joint Chiefs of Staff. The trip got off to an auspicious start, with an overnight in Hawaii. When the plane stopped on the tarmac, a driver pulled up in a pristine car, jogged to the stairs that had been pushed up to the plane, and unrolled a red carpet from the bottom step right to the rear door of the automobile.

One of Taylor’s traveling companions nudged him. That’s for you.

“What is this for?” Taylor asked.

“You’re a general. These people are assigned to you, to look after you while you’re here.”

Taylor laughed. “I can’t do this. This is just silly.” He asked one of the men from the Joint Chiefs office to send the car away. The carpet was rolled up, the car drove off, and the four friends rented a cheap clunker so they could, in Taylor’s words, “do crazy things” that he declined to specify.54

Taylor’s early days in Vietnam seemed to confirm his belief in the value of the war. South Vietnam was breathtaking. The women were lovely—one, in fact, kept trying to convince Taylor’s traveling companion to arrange for her to sleep with the handsome young general.55 After days visiting the bases, Taylor would return to his hotel room and shake his head at how once beautiful Saigon was now buried beneath sandbags and military vehicles.

He soon grew disillusioned. People who had been in the country for a while told him that the South Vietnamese government ran on patronage and nepotism; any victory by the South Vietnamese and their US allies would only install a corrupt bureaucracy. Taylor began to question the value of the war: Why fight for years and years in what is essentially a civil war, lose many Vietnamese and American lives, and then, when it’s over, leave behind a government that will not help the South Vietnamese people? The trip to Saigon marked the beginning of the end of Taylor’s time in the Department of Defense.

Opposition to the US involvement in Vietnam also led a few principal investigators to wonder if they should continue to accept ARPA money. Nearly all did. There was a general sense among researchers that Taylor’s office was more part of the research community than part of the Department of Defense monolith. “How can that bunch of guys be really interested in murdering civilians?” the researchers asked themselves.56 To be sure, by the end of the 1960s, every program funded by Taylor’s office needed to include a relevance statement addressing how the program would benefit the military, but people in the research community understood that Taylor’s office was “inventing stories” on this front. The statements were “fiction in many cases,” according to Al Blue.57

Taylor nonetheless felt that as long as he was working for ARPA, he was supporting what was happening in Vietnam. He knew that his office had paid to develop a prototype time-sharing system for the National Military Command System Support Center and that once that system was in place it would be, as the Arpanet program plan put it, “a natural recipient for an interactive computer network.”58 In mid-1968, Taylor asked Oregon Senator Wayne Morse to help him find a job outside of the Department of Defense. Morse was one of only two senators to oppose the Gulf of Tonkin Resolution, which authorized military action in Vietnam without a formal declaration of war.59

At about the same time, Dave Evans, a principal investigator who had established the University of Utah’s graphics center, offered Taylor a job coordinating a number of computing research projects from around the university.60 The job did not fire Taylor’s imagination, but it was in his general field of interest, offered by a friend, and located well outside of the Pentagon. (And, Taylor adds, it would give him a chance to work on his skiing.) The University of Utah had an outstanding computer science program, Taylor knew. Moreover, the school was slated to come online as the fourth Arpanet node in a few months.

The West itself was also a big draw. The light reminded Taylor of Texas. The air was clear. And it seemed that there was an openness in the West, a kind of acceptance based on what you were doing now, rather than on where you came from. It was no accident, he thought, that the first four Arpanet nodes were going to be in California and Utah—the westerners who worked there just seemed more open to new ideas, “less hidebound,” in Taylor’s phrase, than their colleagues at East Coast institutions such as MIT.

When the L-O-G message was sent from UCLA to Engelbart’s lab at the Stanford Research Institute in October 1969, Taylor was making his way from Washington, DC, to Salt Lake City. He was taking with him across the country his wife and three children, the family station wagon and his prized Corvette, boxes of household goods, and his Rolodex listing the researchers who he felt were doing the best computer science work in the country.

He also took with him one of the ID cards identifying him as a general. A military base not too far from the university had one of the few nearby bars, and Taylor wanted to be able to buy drinks at the canteen.

Taylor had been told that the second ID card was to give to the enemy. He left that one on his desk at the Pentagon. He had decided that the administration backing the unjust war in Vietnam was, by definition, his enemy.

Bob Taylor headed west.



I. Taylor recalls, “The regional contracting officer, who looked after DOD [Department of Defense] money in this region, saw these expenses going across his desk for these strange things, and he got in touch with Engelbart about this: ‘What’s all this about?’ Engelbart explained it to him, and this contracting officer . . . said, ‘This thing sure sounds crazy to me, and I’ll tell you what. If it doesn’t work, I’m going to deny I ever heard about it.’ I didn’t know that story until the demo was already finished, and Engelbart told me what this guy had said.”

II. The article also described an artificial-intelligence agent called OLIVER that would act as an über-personal assistant in the age of networked machines (“Lick’s idea,” Taylor says). The piece ended with a vision of nerdutopia in which all unemployment has disappeared from the planet because “the entire population of the world is caught up in an infinite crescendo of on-line interactive debugging.”

III. Taylor claims his childhood influenced him only insofar as his parents always told him he was special because they had chosen him to be their son, while most parents just had to take whoever showed up. That notion, he admits, instilled in him a certain unshakable self-confidence. Apple cofounder Steve Jobs, also adopted, said that his parents had told him the same thing.

IV. Taylor says that he did not go on for a PhD in psychology in part because because he would have had to qualify in areas such as child psychology and other “soft” disciplines that he thought were “crap.”



Nerd Paradise

[image: images] AL ALCORN

On May 15, 1969, around the time Bob Taylor accepted the offer to move to Utah, Al Alcorn, an engineering student at the University of California, Berkeley, was working at his bench at the back of Hubbard Radio and Television Repair. He had taught himself to fix televisions and taken this part-time job to pay for his studies. On this particular afternoon, he could hear far-off shouts and chanting and the banging of makeshift cymbals. The sound was not unusual here on Telegraph Avenue, a few blocks south of a campus regularly rocked with anti–Vietnam War protests. He returned to his work.

A minute later, he looked up again. Something was unusual. The street people camped on the sidewalk outside his building were not playing their instruments or singing. Cars were not rumbling past. Shopping carts were not creaking by. Aside from the distant cacophony, there was no noise at all.

What was going on? Alcorn left his workbench and peered up the almost empty Telegraph Ave. He was surprised to see a huge group in the distance (he would later learn that it numbered around two thousand people), heading toward him.

He turned to look south and only then understood why his street was abandoned.

At that end of Telegraph, silent and shoulder-to-shoulder, stood 159 members of the Berkeley Police Department, Alameda County Sheriff’s Office, and California Highway Patrol. They wore full riot gear. An eight-foot-high chain-link fence loomed behind them.

Behind the fence was People’s Park, an expanse of green that only a month earlier had been a jumbled mess of broken concrete, rotting trash, desiccated weeds, and abandoned cars. Some of the hundreds of activists who had transformed the mess into a genuine park called it “a cultural, political, freak out and rap center for the Western world.”1 The University of California, which owned the land, considered the creation of the park an illegal trespass. Governor Ronald Reagan, who called the university a “haven for communist sympathizers, protesters, and sex deviants,”2 believed the park was a “calculated political act” intended to “bring down capitalism.”3 Black Panther Eldridge Cleaver, who had once led a crowd of five thousand Berkeleyites in a jeering chorus of “Fuck Ronald Reagan,” had recently challenged the governor, a regent of the university, to a duel.4

Al Alcorn liked People’s Park and had made it the subject of a personal photography project. He had captured shots of people clearing the land and moving in slides, sandboxes, benches, trees, shrubs, and flowers. Later, he had photographed the men with porkpie hats and John Lennon spectacles, the barefoot women in flowing dresses, and the huge pots of vegetarian stew—free to anyone who was hungry—bubbling over a new fire pit.

Earlier in the week, the university had shut down the park, clearing it of seventy-odd people who had slept there and then surrounding it with the high fence. The thousands of protesters now descending on the park with their chants and cymbals, Alcorn realized, must be coming to try to reopen it.

Nothing good would come of this. Alcorn hurried back inside. He told the shop owner that they should move to the back of the store.

Who did what next on Telegraph Avenue is not clear, even decades later. The protesters reached the police. Someone threw a brick or a rock. A car’s windows shattered. Someone opened a fire hydrant. Police called for backup.

And then—explosions.

At the back of the TV repair shop, Alcorn froze. He knew more than most people about explosions. He and a few friends had spent much of their free time in high school blowing things up. He recalls making TNT, plastic explosives, nitroglycerine—and most memorably, during Christmas break of their sophomore year of high school, a developing tank’s worth of rackarock that the teens had ignited in an old cemetery south of San Francisco. (The outcome was a three-foot crater where the developing tank had been and an afternoon at the police station.)5 Alcorn’s reputation as an explosives aficionado had led his brothers at Alpha Sigma Phi fraternity to charge him with exploding a vat of chocolate pudding in the middle of the university’s Channing Circle.IV

Standing with Mrs. Hubbard, the shop owner, Alcorn knew what he had heard explode on Telegraph Avenue: tear gas canisters. He took Mrs. Hubbard to the second story of the building—tear gas, he knew, would stay low to the ground—and stepped out onto a mezzanine that overlooked the street. Most of the marchers were running away. After a few minutes, the tear gas dissipated.

Alcorn thought the worst might be over. “I think we can get out now,” he told Mrs. Hubbard. They hurried down the stairs and out the door, careful to lock it behind them.

Hustling away from the park and Telegraph Avenue with Mrs. Hubbard, Alcorn surprised himself with a strange thought: maybe he should get his camera and go back. He had spent weeks photographing the park. Why not continue documenting the story?

He hesitated. He was a careful adventurer. He had tried LSD—but only a few times. He had stopped after deciding that LSD “makes you think of the big picture,” but “it doesn’t really change you essentially,” so why bother?6 He wore his hair long, but he planned to cut it when he graduated. And for all the time he had spent in People’s Park, he had always been careful not to eat the communal stew. He did not want to get sick.III

So Alcorn weighed the pros and cons of a return to People’s Park. He might get hurt. But he was a big guy. Two hundred pounds and five feet ten, he had been recruited to play football at Berkeley after a high school career that had included playing against a young running back named O. J. Simpson.7 Moreover, he was fast. When in shape, he could cover fifty yards in six seconds.

He decided to go back.
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Alcorn had been mistaken to think that the worst of the confrontation had passed. He heard the scene before he saw it. Sirens blared. People screamed. The smell of a smoldering vehicle—an overturned police car, he soon saw—wafted toward him.

As Alcorn focused his telephoto lens, trying to get a close-up, he heard the pop of a gun. He turned to see a man about his age fall, hands over his stomach. He swung about to see who had fired a shot. The officer still had the gun in his hand and was looking around.

Alcorn ran like a scalded cat.

When the chaos ended on May 15, one man, James Rector, had been fatally shot as he stood on a roof watching the scene below.II Another man was blinded by buckshot. An officer received a light knife wound, and twenty other police were also injured. Sixty-three protestors and bystanders were hurt badly enough that they risked possible arrest at the hospital. Hundreds more were likely injured but not treated.8

Governor Reagan, reactivating the state of emergency that Berkeley had technically been under since a series of student protests in February, imposed martial law and sent in 2,500 National Guard troops. Major General Glenn C. Ames would later complain that “hippie-type females,” in their own version of chemical warfare, had given his troops brownies and juices laced with LSD.9 A curfew was imposed. Thousands of Berkeley residents continued to march in the streets, defying the bullhorn-magnified warnings against mass gatherings that rang through the days. False bomb threats were called in. The faculty voted to cancel classes. Buildings were evacuated. Graffiti and hand-lettered signs were everywhere: “Mothers and Children Against Troop Occupation.” “Protect Your Park.” In the final two weeks of May, police arrested nine hundred people in Berkeley.10

Alcorn took a striking image that captures the state of tortured, suspended animation that pervaded Berkeley in the spring of 1969. A tall young man—sideburned, blue-jeaned, hands on hips and abdominal muscles jutting above the shirt tied around his waist—faces off against a much smaller officer in fatigues and a heavy helmet. The officer’s bayonet-tipped rifle slices a diagonal between the two men.11 Another clash seemed inevitable.

On May 20, five days after the violence on Telegraph Avenue, some three thousand people, many wearing black armbands, marched against what many had come to call “Reagan’s occupation.” About seven hundred ended up at Sproul Plaza. No one seemed to notice that the soldiers and police stationed at either end of the plaza were letting people enter but not leave.

Troops on the ground pulled gas masks over their faces and looked up. A National Guard helicopter moved into the clear skies over the plaza.

Wisps, then puffs, then clouds of white smoke whispered forth from the chopper’s belly and descended over the crowd. It was CS—a potent, nausea-inducing gas—spreading over the plaza.

Panic. Vomiting. Coughing. Fainting. The gas was almost impossible to outrun.
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Alcorn could not drop out of Berkeley. If he dropped out, he might be drafted. No way. He had classmates, teammates, and neighbors from high school who had come home from Vietnam injured or not come home at all. Alcorn had marched against the war and had opposed it in his own home, even though his father, a merchant marine, was shipping napalm into the war zone. When his father passed along an M16 automatic rifle he had somehow gotten from a returning soldier, Alcorn used a poster of President Lyndon B. Johnson for target practice.

Needing to stay enrolled and wanting out of Berkeley, Alcorn took a step any careful adventurer might admire: he signed up for a work-study program that would let him work off campus for six months but still maintain his student deferment. He would also earn some money.

His mother’s boss knew someone at the pioneering audio and video firm Ampex, headquartered across the San Francisco Bay from Berkeley, in Redwood City. The town’s motto, printed on an arch over the main street, was “Climate Best by Government Test.”12 Ampex had been started in 1944 by a Russian émigré, Alexander M. Poniatoff, who had named it by adding an -ex (“for excellence”) to his own initials. The company had introduced the first practical audiotape recorder in 1948 and then, eight years later, the first practical video-recording technology. The boldly lettered AMPEX sign was a landmark to drivers along the five-year-old Bayshore/101 Freeway that connected San Francisco to the Peninsula.

The company’s reach extended deep into American culture. In 1948, Bing Crosby had agreed to continue broadcasting his popular radio show only if he could use the new Ampex recorder to tape-delay his broadcasts. In 1959, Ampex technology had recorded the famous “kitchen debate” between Vice President Richard Nixon and Soviet premier Nikita Khrushchev at the opening of the American National Exhibition in Moscow. A few years later, Ampex video recorders had captured images of Earth sent by astronauts circling the moon aboard Apollo 8.13

His mother’s connection got Alcorn an interview at Ampex. Soon he had an offer to cross the bay and work for six months as an engineer in a satellite office in Sunnyvale, in the heart of what would soon be known as Silicon Valley.

Alcorn, assigned to a remote building on Kifer Road, dropped into an orderly world of numbers and T-squares. While students at Berkeley protested nearly every day, the engineers at Ampex could not even bring themselves to complain too loudly about the coffee that was so godawful rumor held it was brewed in a giant vat and stirred with a canoe paddle.14 The watchword at Berkeley was to trust no one over the age of thirty, but at Ampex, the younger engineers, even those who had grown out their hair and beards, admired the older men in their ties and pressed shirts. In many ways, the office resembled an old-fashioned European guild, with the senior engineers teaching the junior.15

Alcorn felt at home at Ampex, which he called his own “nerd paradise.”16

Alcorn’s group, some two dozen engineers and about 150 production workers and administrators, worked on a new product that could photograph documents and store the images on two-inch magnetic tape. Later, someone needing to see a document could call it up on a televisionlike monitor or print it out.17 Today any mobile phone with a camera can do this job in an instant, but in 1969, the task required a copier-sized machine to capture the images, a refrigerator-sized machine with tape reels near the top for storage, and a desk-sized device with a screen for viewing. Ampex called the system Videofile.

When Alcorn arrived at Ampex, a number of organizations were considering a purchase of the Videofile system, even though the hardware cost roughly $1 million and the necessary microwave infrastructure cost another million. Both New Scotland Yard and the Los Angeles County Sheriff’s Department thought the Videofile system might store fingerprints and mug shots. Southern Pacific Railroad wanted it to organize waybills and other paperwork. Several insurance companies hoped the system might help with saving and reviewing documentation for claims, complaints, and reimbursements.

In the end, only a few systems were installed, and the Videofile project was shut down. But Videofile was a fruitful failure; it helped to launch two major companies in brand-new industries. Larry Ellison, a cofounder of the database giant Oracle, worked on the Videofile system in the early 1970s. And Alcorn was about to meet the men who would found the world’s first wildly successful video game company, Atari.I
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Near the desk Alcorn had been assigned at Ampex, two men shared a small office. They made an odd pairing, Alcorn thought. Ted Dabney seemed like a standard-issue Ampex engineer. He had learned electronics in the marines. He spoke softly and often wore the abstracted look of a man who spent many hours in his own head. He was thirty-two, “a real grownup,” Alcorn thought.18

The fellow who shared Dabney’s office, Nolan Bushnell, was in his twenties, loud and brash, the kind of man who would later, without irony, describe himself as “the poet who interprets the gods for the masses, the gods being technology.”19 He was a trickster who while an undergraduate in college had secured a graduate student office by squatting in one and then telling the student who came to claim it, “I’m not sure we are supposed to share.”20 He had recently graduated from the University of Utah, where he had taken classes in the computer graphics program that Bob Taylor had funded at ARPA.

Even Alcorn could tell that Bushnell “wasn’t the greatest engineer,” but Bushnell appeared to feel no shame about his lack of technical prowess.21 He liked to say that graduating last in his engineering class was proof of his efficiency: “I got the degree but didn’t do more than I needed to.”22 Bushnell was always drawing attention to himself, which was not difficult, given his six-foot, four-inch frame and shaggy head of curly hair. Rather than just putting up with the lousy coffee, he brought in his own percolator. He started a stock-buying club that to Alcorn’s unpracticed eye looked like a fancy version of gambling, with guys in the office pooling their money to bet on the market. Alcorn did not know it, but Bushnell had come to Ampex not because he wanted to work at a top-notch engineering company but because the job allowed him to live in California and earn more money than anyone else in his engineering class. He had worked his way through college as a carnival barker, and it showed.

The mismatched officemates worked well together, despite their differences. Dabney was an excellent practical engineer and Bushnell an inexperienced but quick study. The men shared a love of the Japanese game Go—so much so that Dabney carved a board with the Videofile logo on the back, so that he and Bushnell could hang it on the office wall for easy access. Both Dabney and Bushnell had young daughters, and the families spent time together on the weekends.
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After six months at Ampex, Alcorn completed a semester at Berkeley and then returned to his job. One of his first stops was Dabney and Bushnell’s office.

Only Dabney was there.

Where’s Nolan? Alcorn wanted to know.

Dabney lowered his voice. Nolan had left.

Left? Who would leave Ampex?

Dabney explained that Bushnell was trying to build something unusual. Dabney was helping him build it, and it was going well. So well that Dabney, too, was thinking of leaving Ampex.

What were they building? Alcorn asked.

A game you could play on a TV screen.

They’re crazy, Alcorn thought.



I. Ampex, in general, is one of the great overlooked companies in Silicon Valley history. The audio pioneer Ray Dolby worked there, as well.

II. The autopsy listed Rector’s cause of death as “shock and hemorrhage due to multiple shotgun wounds with perforation of the aorta.” An official report to Governor Reagan was careful to state that Rector was not a student but “on probation following conviction on charges of burglary and possession of marijuana” and, further, that inside his vehicle police had found “a Remington .22 caliber, semi-automatic rifle in a disassembled state; and a telephone induction coil, a piece of electronic equipment used for tape-recording telephone calls or for wire-tapping.” A footnote noted that he had enlisted in the Air Force in 1963.

III. This sort of considered caution was a hallmark of the early protest movements.Mario Savio, the initially reluctant leader of Berkeley’s Free Speech Movement, took off his shoes before climbing onto a police car to deliver a speech to the student protesters who had sat down in front of it.

IV. Alcorn says that the fraternity was defunct just two years after he pledged; with the Vietnam War and protest movements in full swing, few students were interested in joining a fraternity.



Eight Quarters in Her Pocket

[image: images] FAWN ALVAREZ

Less than five miles from Ampex’s Sunnyvale offices, twelve-year-old Fawn Alvarez was in Cupertino, California. She was folding papers and stuffing them into envelopes, sealing each one with a swipe of a dampened sponge. She had come in to make a bit of money—$1.65 an hour, minimum wage—in an ongoing effort to grow her stack of 45 rpm records. The Beatles, Supremes, and Peter, Paul and Mary were battling for the top spot on the charts as 1969 drew to a close.

Fawn was working in a strip mall that also housed a dentist’s office and Myberg’s Deli. The small space was the one and only office of her mother’s new employer, ROLM Corporation. The company, which had begun life two months earlier in an abandoned shed once used for drying prunes, had plans to build a computer for the military. The word “computer” meant nothing to Fawn. It conjured up no image at all.

Fawn was a fifth-generation Californian on her father’s side, the family’s roots stretching back to the time when California had belonged to Mexico. Her mother, Vineta Alvarez, had moved the family from Los Angeles to the Santa Clara Valley six years before, in 1963, when Fawn was six. Vineta, then twenty-six years old, had four daughters and an ex-husband who had stayed in Los Angeles. She had moved the family “to the country,” as her daughters put it, because her maternal grandparents lived there and promised that there were plenty of jobs.

The grandparents worked in a Del Monte plant, canning food. They came from Shawnee, Oklahoma, during the Dust Bowl—just pointed the pickup truck, its bed stuffed with everything the family owned, due west on Route 66 and began driving. Sunnyvale, the town where they stopped in about 1933, was not the land of orange groves and palm trees that they had imagined. But there were jobs, and the ground didn’t look like it would dry up and blow away any time soon, so they stayed. They bought a house close enough to the cannery that if the wind was right, they could stand in the front yard and smell peaches.

Shortly after coming to the Peninsula, Fawn’s mother had found an assembly job at Lockheed, the aerospace giant and defense contractor. With 17,000 employees, Lockheed was the largest employer in the Valley. Vineta Alvarez told her daughters that there were so many employees that the city of Sunnyvale had asked the company to stagger its quitting times so it would not disrupt the evening commute for everyone else.

Vineta Alvarez had not attended school beyond the tenth grade, and her assembly experience consisted of two years working as a riveter in a stroller factory in Los Angeles. But Lockheed, always looking for employees, had a two-week in-house training program. There she learned how to solder and how to read build plans, prints, and color codes. Like thousands of others in the Valley, she would one day put this experience gained at a large, established employer into service at a small startup.

After roughly a year, Vineta Alvarez left Lockheed for the production line at Fairchild Semiconductor, the microchip company launched by eight former employees of Nobel Prize–winner William Shockley. She assembled printed circuit boards, but no one told her what they were for—and she did not care enough to ask.1 Six months after joining Fairchild, she moved on to Sylvania, a military contractor and electronics manufacturer.

With every move, she received a small pay increase, but it was never enough to cover her $130 monthly rent plus food and clothes for Fawn and her three sisters. Vineta Alvarez worked second jobs on the side, often assembling at home, where she could spread out her soldering gun and all the parts she needed on the kitchen table. She would have preferred overtime at time-and-a-half pay, but California law forbade women to work more than eight hours each day.2 “They said it was so people wouldn’t take advantage of women,” Vineta Alvarez says today. “Bullshit. They wanted overtime for the men.”3

In 1966, when Fawn was in third grade, her family moved to Rancho Rinconada, a neighborhood in Cupertino, where the schools were supposed to be the best in the state. Rancho Rinconada was a new development, close enough to a public elementary school, middle school, and high school that the girls walked by themselves every morning.

While her mother worked, Fawn and her sisters did the family shopping. They did the laundry. They did the cleaning. They mowed the lawn, sometimes two sisters together pushing the heavy mower down the slope of grass and then dragging it back up behind them so they could mow down again. There was no “girls don’t do this kind of work” talk in Vineta Alvarez’s house. The only thing Fawn’s mom ever said the girls could not do was sit with their knees apart. Fawn was the only kid she knew with a mom who was gone all day. Most of her friends had dads who lived with them and worked good enough jobs in factories or the service sector that moms worked only part-time or not at all.4

Stone-fruit orchards surrounded Fawn’s Rancho Rinconada neighborhood. The kids used them as landmarks (“Meet me at the tall post in front of the prune orchard where the guy shoots you with a salt gun if he catches you”), as playgrounds (dilapidating sheds and storage rooms made wonderful hideouts), and as always-open markets with merchandise that was free, sweet, and hanging low.
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