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On January 9, 2007, Steve Jobs strode onstage at Macworld wearing his trademark black turtleneck, blue jeans, and white sneakers. Twenty minutes into his annual keynote speech, Jobs paused as if to gather his thoughts.

“Every once in a while, a revolutionary product comes along that changes everything,” he said. “Well, today, we’re introducing three revolutionary products of this class. The first one is a wide-screen iPod with touch controls. The second is a revolutionary mobile phone. And the third is a breakthrough internet communications device. An iPod, a phone, and an internet communicator …

“Are you getting it? These are not three separate devices; this is one device, and we are calling it iPhone.

“Today,” he added, “Apple is going to reinvent the phone.”

Then it did.

* * *

“Where are. You from?”

“California. Loose angels. Holly would. And. You? Where are. You from? Shang hi?”

Nearly ten years after Jobs’s promise, I’m barreling down the highway between the Shanghai Pudong airport and the city’s commercial district, and the cabdriver keeps passing his device back to me over the plastic partition. We take turns speaking into a translation app.

“No. Not Shang hi. Hang zoo.”

Smog softens Shanghai’s neon glow. From here, the skyline is a Blade Runner screenshot: brilliant, contorted skyscrapers gracefully recede into a polluted haze.

Our digitally stilted but mostly comprehensible conversation veers from how his night’s been (okay) to how long he’s been driving a cab (eight years) to the economic conditions of the city (getting worse).

“The pry says keep rising. But. The way jays stay. Flat,” a Siri-ish robo-woman’s voice intones. When the cabdriver gets fired up, he slows down to crawl, still smack in the middle of the freeway, and cars speed by us as I clutch my seat belt.

“No where. To live.” I nod, and he speeds up again.

Interesting, I thought, that my first conversation in Shanghai—where tens of thousands of skilled workers assemble and export the iPhone—was also made possible by the iPhone.

For hours, I’d been dying just to use my iPhone—a two-leg transatlantic flight with no wi-fi left me itchy and anxious; my phone was a simmering black hole in my pocket. You might know the feeling: that burning absence whenever you leave it at home or get stuck without a signal. Today, the phone is a lifeline. I felt like I had to find a connection to FaceTime with my wife and two-month-old son back home. Not to mention to catch up on email, Twitter, the news, everything else.

How did this happen? How did this one device become the new center of gravity, running our daily lives and enabling things that seemed like science fiction a decade ago—like putting a universal language translator in our pocket? How did it become the one device we need above all?

I was in Shanghai as part of yearlong effort to find out.

* * *

Radical, civilization-scale transformations aren’t usually rapid and seamless. They tend to be one or the other. But smartphones took over the world quietly and completely in a matter of years, and we barely noticed. We went from having a computer in the household or at work to carrying one everywhere, along with internet access, live chat rooms, interactive maps, a solid camera, Google, streaming video, a near-infinite selection of games, Instagram, Uber, Twitter, and Facebook—platforms that reorganized how we communicate, earn, recreate, love, live, and more—in about the time span of two presidential terms. We is the U.S. population, in which smartphone ownership rose from about 10 percent in 2007 to 80 percent in 2016.

That transformation has turned the iPhone into the biggest star of the consumer-electronics world since—scratch that; it’s the star of the entire retail world. No, even that undersells it. The iPhone might actually be the pinnacle product of all of capitalism to this point.

In 2016, Horace Dediu, a technology-industry analyst and Apple expert, listed some of the bestselling products in various categories. The top car brand, the Toyota Corolla: 43 million units. The bestselling game console, the Sony PlayStation: 382 million. The number-one book series, Harry Potter: 450 million books. The iPhone: 1 billion. That’s nine zeros. “The iPhone is not only the bestselling mobile phone but also the bestselling music player, the bestselling camera, the bestselling video screen and the bestselling computer of all time,” he concluded. “It is, quite simply, the bestselling product of all time.”

It’s in contention for most stared-at, too. According to Nielsen, Americans spend 11 hours a day in front of their screens. One estimate says 4.7 hours of that time is spent on their phones. (Which leaves approximately 5 waking hours for more traditional life-living: eating, exercising, and driving between the places where we look at screens.) Now 85 percent of Americans say that mobile devices are a central part of their everyday life. You may know you use your phone a lot, but according to a study conducted by British psychologists, you probably use it twice as much as you think you do. Which makes sense, given that we rarely let our phones leave our side—an attachment we’ve had with very few technologies. “It’s almost vanishingly rare that we pick a new device that we always have with us,” the historian of mobile technology Jon Agar says. “Clothes—a Paleolithic thing? Glasses? And a phone. The list is tiny. In order to make that list, it has to be desirable almost universally.”

Meanwhile, that universally desirable device has made Apple one of the most valuable companies on the planet. What the tech press called the “Jesus phone” now accounts for two-thirds of the company’s revenue. Profit margins on the iPhone have been reported to be as high as 70 percent, and as “low” as 41 percent. (No wonder Google’s Android phones, which are now even more ubiquitous than iPhones, emulate them so closely they kicked off the industry’s most vicious patent battle.) In 2014, Wall Street analysts attempted to identify the world’s most profitable product, and the iPhone landed in the top slot—right above Marlboro cigarettes. The iPhone is more profitable than a relentlessly marketed drug that physically addicts its customers.

There’s a dependency parallel here too. Like so many, I read news on my iPhone. I’m lost without Google Maps at my fingertips. I keep a constant side-eye on the device for notifications. I check Twitter and Facebook and chat on Messages. I write emails, coordinate workflow, scan pictures. As a journalist, I record interviews and snap publication-quality photos.

The iPhone isn’t just a tool; it’s the foundational instrument of modern life.

* * *

So how, and why, did I wind up in Shanghai, looking for the soul of the iPhone? It started months before—when I broke one (again). You know the drill. It slides out of your pocket, and a tiny crack branches into a screen-coating spiderweb.

Instead of buying a new one (again), I decided to take the opportunity to learn how to fix it myself—and find out what’s behind the display. I’d been carrying this thing around for years, and I had no idea. So I headed to iFixit HQ, nestled in sleepy San Luis Obispo on the California coast. The company publishes gold-standard gadget-repair guides, and a mellow repair pro named Andrew Goldberg is its lead teardown engineer.

Soon, I was wielding its custom-made tool, the iSclack—picture a pair of pliers whose ends are fixed with suction cups—like a first-year med student. My iPhone 6 and its cracked screen sat between its jaws. I was hesitating: If I popped too hard, I could sever a crucial cable and kill my phone entirely.

“Do it quick,” Goldberg said, and pointed to the device, which was beginning to pull apart from the suction. The lights of the workshop studio glared. I was actually sweating. I shuffled my feet, steadied myself, and snap—my trusted personal assistant cracked open safely, like the hood of a car.

“That was easy, right?” Goldberg said. It was.

But the relief was fleeting. Goldberg disconnects that cable and removes the aluminum plating inside. Soon my phone’s guts are laid out before me on a stark little gadgetry operating table. And if I’m being honest here—it makes me weirdly uncomfortable, sort of like I’m looking at a corpse in the morgue. My iPhone, my intimately personalized life navigator, now looks like standard-issue e-waste—until you know what you’re looking at.

The left side of the unit is filled with a long, flat battery—it takes up half the iPhone’s real estate. The logic board, a bracket-shaped nest that houses the chips that bring the iPhone to life, wraps around to the right. A family of cables snake around the top.

“There’s four different cables connecting the display assembly to the rest of the phone,” Goldberg says. “One is going to be the digitizer that receives your touch input. So that works with a whole array of touch capacitors embedded in the glass. You can’t actually see them, but when your finger’s there … they can detect where you’re touching. So that’s its own cable, and the LCD has its own cable, the fingerprint sensor has its own cable. And then the last cable up here is for the front piece and camera.”

This book is an attempt to trace those cables—not just inside the phone, but around the world and throughout history. To get a better, more tactile sense of the technologies, people, and scientific breakthroughs that culminated in a device that’s become so ubiquitous, we take it for granted. The iPhone intertwines a phenomenal number of prior inventions and insights, some that stretch back into antiquity. It may, in fact, be our most potent symbol of just how deeply interconnected the engines that drive modern technological advancement have become.

* * *

However, there’s one figure and one figure alone who looms over the invention of the iPhone: Steven P. Jobs, as his name is listed, usually first, on Apple’s most important patents for the device. But the truth is that Jobs is only a small part of its saga.

“There was an extraordinary cult of Jobs as seemingly the inventor of this world-transforming gizmo, when he wasn’t,” the historian David Edgerton says. “There is an irony here—in the age of information and the knowledge society, the oldest of invention myths was propagated.” He’s referring to the Edison myth, or the myth of the lone inventor—the notion that after countless hours of toiling, one man can conjure up an invention that changes the course of history.

Thomas Edison did not invent the lightbulb, but his research team found the filament that produced the beautiful, long-lasting glow necessary to turn it into a hit product. Likewise, Steve Jobs did not invent the smartphone, though his team did make it universally desirable. Yet the lone-inventor concept lives on. It’s a deeply appealing way to consider the act of innovation. It’s simple, compelling, and seems morally right—the hardworking person with brilliant ideas who refused to give up earned his fortune with toil and personal sacrifice. It’s also a counterproductive and misleading fiction.

It is very rare that there’s a single inventor of a new technology—or even a single responsible group. From the cotton gin to the lightbulb to the telephone, most technologies are invented simultaneously or nearly simultaneously by two or more teams working entirely independently. Ideas really are “in the air,” as patent expert Mark Lemley puts it. Innumerable inventive minds are, at any given time, examining the cutting-edge technologies and seeking to advance them. Many are working as hard as our mythic Edisons. But the ones we consider iconic inventors are often those whose version of the end product sold the best in the marketplace, who told the most memorable stories, or who won the most important patent battles.

The iPhone is a deeply, almost incomprehensibly, collective achievement. As the pile of phone guts on the iFixit table attests, the iPhone is what’s often called a convergence technology. It’s a container ship of inventions, many of which are incompletely understood. Multitouch, for instance, granted the iPhone its interactive magic, enabling swiping, pinching, and zooming. And while Jobs publicly claimed the invention as Apple’s own, multitouch was developed decades earlier by a trail of pioneers from places as varied as CERN’s particle-accelerator labs to the University of Toronto to a start-up bent on empowering the disabled. Institutions like Bell Labs and CERN incubated research and experimentation; governments poured in hundreds of millions of dollars to support them.

But casting aside the lone-inventor myth and recognizing that thousands of innovators contributed to the device isn’t enough to see how we arrived at the iPhone. Ideas require raw materials and hard labor to become inventions. Miners on almost every continent chisel out the hard-to-reach elements that go into manufacturing iPhones, which are assembled by hundreds of thousands of hands in city-size factories across China. Each of those laborers and miners are an essential part of the iPhone’s story—it wouldn’t be in anyone’s pocket today without them.

All of these technological, economic, and cultural trends had to glom together before the iPhone could finally allow us to achieve what J.C.R. Licklider termed man-computer symbiosis: A coexistence with an omnipresent digital reference tool and entertainment source, an augmenter of our thoughts and enabler of our impulses. The better we understand the complexity behind our most popular consumer product and the work, inspiration, and suffering that makes it possible, the better we’ll understand the world that’s hooked on it.

None of this diminishes the achievements of the designers and engineers at Apple who ultimately brought the iPhone to market. Without their engineering insights, key designs, and software innovations, the immaculately crafted one device may never have become just that. But thanks in part to Apple’s notorious secrecy, few even know who they are.

That culture of secrecy extends to the physical product itself. Have you ever tried to pry your own iPhone open to look inside? Apple would rather you didn’t. One of the ways it became the most profitable corporation on the planet is by keeping us out of the morgue. Jobs told his biographer that allowing people to tinker with his designs “would just allow people to screw things up.” Thus, iPhones are sealed with proprietary screws, called Pentalobes, that make it impossible to open up your own phone without a special tool.

“I’ve had people say, ‘Oh, my phone, it doesn’t last as long as it used to,’” iFixit CEO Kyle Wiens says. “And I’m like, ‘You know you can swap the battery.’ I swear to God I’ve had people say, ‘There’s a battery inside my phone?’” With the rise of slick, sealed smartphones, we risk happily swiping along as, to borrow Arthur C. Clarke’s famous line, this sufficiently advanced technology becomes indistinguishable from magic.

So let’s open the iPhone up, to discover its beginnings and evaluate its impact. To bust the Jobs-Edison myth of the lone inventor. To understand how we got to iPhone.

Toward that end, I traveled to Shanghai and Shenzhen, and snuck into the factory where Chinese workers piece the phones together, where a suicide epidemic exposed the harsh conditions in which iPhones get made. I had a metallurgist pulverize an iPhone to find out exactly which elements lay inside. I climbed into mines where child laborers pry tin and gold from the depths of a collapsing mountain. I watched hackers pwn my iPhone at America’s largest cybersecurity conference. I met the father of mobile computing and heard his thoughts about what the iPhone meant for his dream. I traced the origins of multitouch through a field of unacknowledged pioneers. I interviewed the transgender chip designer who made the iPhone’s brain possible. I met the unheralded software-design geniuses who shaped the iPhone’s look and feel into what it is today.

In fact, I spoke to every iPhone designer, engineer, and executive who was willing to do an interview. My goal is that by the end of this book, you’ll glance into the black mirror of your iPhone and see, not the face of Jobs, but a group picture of its myriad creators—and have a more nuanced, true, and, I think, compelling portrait of the one device that pulled us all into its future.

A quick note on Apple: Investigating the iPhone is a paradoxical task. A parade of pundits, anonymous sources, and blog posts offer an endless stream of opinions about everything Apple does. A few flat cryptic words from an Apple press release often provides the “official” record. Apple grants next to no interviews with its staff, and the journalists who do get interviews are typically handpicked for their long-standing or friendly relationships with company. I am not one of those journalists—in fact, I’m not even much of a gadget geek. (While I’ve been on the science and tech beat for about a decade now, I’ve spent more time covering oil spills than product demos.) So, while I made Apple officials fully aware of this project from the outset and repeatedly spoke with and met their PR representatives, they declined my many requests to interview executives and employees. Tim Cook never answered my (very thoughtful) emails. To tell this story, I met current and former Apple employees in dank dive bars or spoke with them over encrypted communications, and I had to grant anonymity to some of those I interviewed. Many people from the iPhone team still working at Apple told me they would have loved to participate on the record—they wanted the world to know its incredible story—but declined for fear of violating Apple’s strict policy of secrecy. I’m confident that the dozens of interviews I did with iPhone innovators, the talks I had with journalists and historians who’ve studied it, and the documents I’ve obtained about the device all helped render a full and accurate portrait.

That portrait will emerge on two tracks. The first puts you inside Apple to show how the iPhone was imagined, prototyped, and created by a host of unsung innovators—those who pioneered new ways of manipulating and interacting with information. These four sections start when you turn the page, and appear throughout the middle and at the end of the book—fitting, I think, as countless people gave rise to the one device, but Apple ultimately made the iPhone.

The second will follow my efforts to uncover the iPhone’s raw source material, to meet with the minds and hands that made it possible around the globe. These chapters will start at Chapter 1, and proceed from examining the century-old origins of the idea of a “smartphone” to exploring the powerful technologies gathered under its hood, to investigating how all those parts are assembled in China, to visiting the black markets and e-waste pits where they ultimately wind up.

With that, let’s make our first stop—Apple HQ in Cupertino, California, the heart of Silicon Valley.


i: Exploring New Rich Interactions

iPhone in embryo
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Apple’s user-testing lab at 2 Infinite Loop had been abandoned for years. Down the hall from the famed Industrial Design studio, the space was divided by a one-way mirror so hidden observers could see how ordinary people navigate new technologies. But Apple didn’t do user testing, not since Steve Jobs returned as CEO in 1997. Under Jobs, Apple would show consumers what they wanted, not solicit their feedback.

But that deserted lab would make an ideal hideaway for a small group of Apple’s more restless minds, who had quietly embarked on an experimental new project. For months, the team had held unofficial meetings marked by freewheeling brainstorms. Their mission was vague but simple: “Explore new rich interactions.” The ENRI group, let’s call it, was tiny. It included a few of Apple’s young software designers, a key industrial designer, and a handful of adventurous input engineers. They were, essentially, trying to invent new ways of interfacing with machines.

Since its inception, the personal computer had relied on a century-old framework that allowed humans to tell it what to do: A keyboard laid out like a typewriter, the same basic tool a nineteenth-century newspaperman used to write copy. The only major addition to the input arsenal had been the mouse. Throughout the information revolution of the second half of the twentieth century, that was how most people navigated its bounty—with a typewriter and a clicker. Near-infinite digital possibilities, dusty old user interface.

By the beginning of the twenty-first century, the internet was mainstream and maturing. Online media was complex and interactive. Apple’s own iPod was moving digital music into people’s pockets, and the personal computer had become a hub for maps, movies, and images. The ENRI group predicted that typing and clicking would soon prove frustratingly cumbersome, and we’d need new ways to interact with all that rich media—especially on Apple’s storied computer. “There was a core little secret group,” says one member, Joshua Strickon, “with the goal of re-envisioning input on the Mac.”

The team was experimenting with every stripe of bleeding-edge hardware—motion sensors, new kinds of mice, a burgeoning technology known as multitouch—in a quest to uncover a more direct way to manipulate information. The meetings were so discreet that not even Jobs knew they were taking place. The gestures, user controls, and design tendencies stitched together here would become the cybernetic vernacular for the new century—because the kernel of this clandestine collaboration would become the iPhone.

Yet its pioneers’ achievements have largely been hidden from view, stranded on the other side of that one-way mirror, by an intensely secretive corporation and its late spotlight-commanding CEO. The story of the iPhone starts, in other words, not with Steve Jobs or a grand plan to revolutionize phones, but with a misfit crew of software designers and hardware hackers tinkering with the next evolutionary step in human-computer symbiosis.

Assembling the Team

“User-interface design is still unknown to most people, even now,” a member of the original iPhone team tells me. For one thing, the term user interface feels pulled right from a technical manual; the label itself seems uniquely designed to dull the senses. “There’s no rock-star UI designer,” he says. “There’s no Jony Ive of UI.” But if there were, they’d be Bas Ording and Imran Chaudhri. “They’re the Lennon-McCartney of UI.”

Ording and Chaudhri met during some of Apple’s darkest days. Ording, a Dutch software designer with a flair for catchy, playful animations, was hired into the Human Interface group in 1998, the year after the company hemorrhaged a billion dollars in lost revenue and Jobs returned to stanch the bleeding. Chaudhri, a sharp British designer as influenced by MTV’s icons as Apple’s, had arrived a few years before and survived Jobs’s slash-and-burn layoffs. “I first met Imran at some point in the parking lot smoking cigarettes,” Ording says. “We were like, ‘Hey, dude!’” They make for an odd pair; Bas is lanky, easygoing, and almost preternaturally good-natured, while Imran is intense, fashionable, and broadcasts an austere cool. But they hit it off right away. Soon, Ording convinced Chaudhri to come over to the UI group.

There, they joined Greg Christie, a New Yorker who’d come to Apple in 1995 for one reason: “To do Newton”—Apple’s personal digital assistant, an early stab at a mobile computer. “My family thought I was nuts moving to Apple,” he says, “working for this company that’s clearly going out of business.” The Newton didn’t sell well, so Jobs killed it, and Christie wound up in charge of the Human Interface group.

As Jobs placed renewed focus on Apple’s flagship Macs, Bas and Imran cut their teeth updating the look and feel of its age-worn operating system. They worked on pulsating buttons, animated progress bars, and a glossy, transparent look that rejuvenated the appeal of the Mac. Their creative partnership bloomed. They helped prove that user interface design, long derided as dull—the province of grey user settings and drop-down menus; “knobs and dials” as Christie puts it—was ripe for innovation. As Bas and Imran’s stars rose inside Apple, they started casting around for new frontiers.

Fortunately, they were about to find one.

* * *

While training to be a civil engineer in Massachusetts, Brian Huppi idly picked up Steven Levy’s Insanely Great. The book documents how in the early 1980s Steve Jobs separated key Apple players from the rest of the company, flew a pirate flag above their department, and drove them to build the pioneering Macintosh. Huppi couldn’t put it down. “I was like, ‘Wow, what would it be like to work at a place like Apple?’” At that, he quit his program and went back to school for mechanical engineering. Then he heard Jobs was back at the helm at Apple—serendipity. Huppi landed a job as an input engineer there in 1998.

He was put to work on the iBook laptop, where he got to know the Industrial Design group, whose profile had already begun to rise under its head, Jonathan Ive. Jobs’s streamlining of the company had placed a renewed focus on design, and the ID group’s head-turning, color-splashed Bondi Blue iMac—a radical departure for the beige desktop-heavy industry—had helped turn Apple’s fortunes around at the end of the ’90s. The gig turned out to be a little less insane than Huppi might have imagined, though. His work consisted largely of shipping one laptop, then getting to work updating its successor. He hadn’t quit civil engineering to iterate laptop hardware; he was after something more in the pirate flag–flying, industry-shaking vein. So he turned to one industrial designer in particular—Duncan Kerr, who’d worked at the famed design firm IDEO before heading to Apple. “Duncan is the least ID guy of all the ID guys,” Chaudhri says—someone who was as interested in what was happening on the screen as what the screen was shaped like.

“We’d been discussing how it’d be really cool to sit down and really focus on talking about a very user-centric approach to what we might do with input,” Huppi says. They wanted to reimagine how humans interacted with computing devices from the ground up, and to ask, what, exactly, they wanted those interactions to be. So Kerr approached Jony Ive to see if the ID group could support a small team that met regularly to investigate the topic. Ive was all for it, which was good news—if anyone hoped to embark on a wild, transformative project and actually hope to see it come to fruition, ID was the place to go.

“I knew politically that it had to go through ID,” Huppi says, “because they had all the power, and they had Steve’s ear.”

Huppi knew Greg Christie from a laptop project, and Ording and Chaudhri were already working with Kerr. The chip architecture expert and Newton veteran Mike Culbert, as well as Huppi’s boss Steve Hotelling, joined the talks. Then, there was the new recruit—they’d just hired Josh Strickon out of MIT’s Media Lab. There, Strickon had spent years enmeshed in experimental fusions of technology and music. For his master’s thesis, he concocted a laser range finder for hand-tracking that could sense multiple fingers. “He seemed like one of these guys that had lots of interaction experience,” Huppi says, “and I was like, he’d be perfect for this brainstorming group.”

* * *

When Joshua Strickon arrived at Apple in 2003, the company was pocked by uncertainty all over again. The iMac had won accolades and steadied sales, but the tech bubble had burst; profits had fallen, and Apple was losing money for the first time since Jobs’s return. The iPod had yet to take off, and the rank and file were anxious. “When I got there,” Strickon says, “the stock price was like fourteen dollars and no one had had a raise in who knows how long.” Apple placed him in a windowless office with malfunctioning hardware. “They had given me a laptop and a desktop,” he says, “and the machines were crashing all the time.” Meanwhile, the Cupertino campus teemed with Apple “fanatics,” a number of whom made no secret of their Steve Jobs idolatry. “Apple is kind of a weird place,” he says. “You’ve got people dressing like Steve.” There were so many Steve look-alikes, in fact, that Strickon couldn’t pick out the real thing. He’d been on the lookout for Jobs since he got to Cupertino—his thesis adviser had worked for Apple years before, and Strickon wanted to say hello on his behalf. But when he found himself next to the CEO in line for a burrito at the cafeteria, he just assumed Jobs was an acolyte. “At the time I didn’t realize it was him,” Strickon says. “I thought it was just somebody who likes to dress like him.”

Strickon was young—he’d finished his PhD and showed up at Apple in his mid-twenties, expecting to find other members of a freshmen class. “But the company was mostly middle-aged men, which was kind of a shocker,” he says. He found the atmosphere stifling and buttoned up, which he attributed to all the Jobs worship. “I had friends at Google, and [there it] was like kids running around with no parents.” But at Apple, “people didn’t feel empowered to have ideas and to follow through…. Everything was micromanaged by Steve,” Strickon says.

Strickon’s skills—a unique knowledge of touch-based sensors and the software needed to control them, an intrepid musical sensibility, and a flair for experimentation—would translate well to the percolating project, Huppi thought. Even if they wouldn’t translate so well to negotiating Apple’s corporate culture.

* * *

So, the key proto-iPhoners were European designers and East Coast engineers. They all arrived at Apple during its messy resurgent years, just before or just after the return of Jobs. They were in their twenties and thirties, ambitious, and keen to experiment with new technologies: Bas Ording, a user-interface wunderkind who took cues from typesetting and gaming; Imran Chaudhri, a hacker-influenced designer who could straddle the gap between SV and MTV; Joshua Strickon, an MIT-trained sensor savant with an ear for electronica and a feel for touchscreens; Brian Huppi, a jack-of-all-trades who could build just about anything; and Duncan Kerr, a decorated designer intent on marrying industrial design to digital interfaces. With support from industry vets like Steve Hotelling and PDA pioneers like Greg Christie, the ENRI meetings would lay out a blueprint for the next generation of mobile computing.

New Rich Interactions

The ENRI project started out with simple brainstorming, in Apple’s most hallowed sanctum. With a handful of young men around a conference table, laptops open; with whiteboard drawings and keynote presentations. With extensive note-taking and weekly meetings.

“We almost always met over in the Industrial Design studio, you know, just kicking around ideas all over the map,” Huppi says. The central question was simple: “What are the new features that we want to have in our experiences?”

The fact that they were having these conversations at all was a small step forward, as this brand of cross-pollination wasn’t common at the time. “What was weird was that you had the Industrial Design group, and mostly what they did was build physical mock-ups,” Strickon says. “Nonfunctioning mock-ups, like when you go into a cell phone store and see those plastic models; it’d be like that. They’d spend hours and hours looking at shapes and forms and building weighted versions of that stuff, and it seemed kind of counterproductive because they couldn’t see what these things felt like in actual use.”

The ENRI meetings aimed to change that, to help infuse that celebrated design work with fully functional input technologies and user interfaces—and to tap into fresh ideas about how they all might work together. “We would just go into that ID studio and, you know, just talk,” Huppi says. “This went on for a good six months.”

There were a lot of ideas. Some feasible, some boring, some outlandish and borderline sci-fi—some of those, Huppi says, he “probably can’t talk about,” because fifteen years later, they had yet to be developed, and “Apple still might want to do them someday.”

“We were looking at all sorts of stuff,” Strickon says, “from camera-tracking and multitouch and new kinds of mice.” They studied depth-sensing time-of-flight cameras like the sort that would come to be used in the Xbox Kinect. They explored force-feedback controls that would allow users to interact directly with virtual objects with the touch of their hands.

“Phones,” Strickon adds, “weren’t even on the table then. They weren’t even a topic of discussion.” But the ID group fabricated plenty of cell phones. Not smartphones, but flip phones. The husks of stylish phone bodies dotted the design studio. “There were many models of flip phones of various sorts that Apple had been working on,” Huppi says. “I mean very Apple-ized, very gorgeous and beautiful, but they were basically various takes on cell phones with buttons.” (This might explain why Apple had by this point already registered the domain iPhone.org.)

The talks began to gravitate toward a recurring source of the group’s frustration. “One of the themes that kept coming up over and over again was the theme of—I call it navigation,” Huppi says, “key things like scrolling and zooming.”

Key things that people wanted to be able to do with their richer and more interactive media, now that the web was booming and computers were more powerful—things that tested the UI limits of the decades-old mouse-and-keyboard combo. “It really kind of started by listing things like, ‘I wish this would work better,’” Huppi says. In 2002, if you wanted to zoom in on an image, you had to drag your cursor to a menu, click, select the amount you wanted to enlarge it by, and click again or hit Enter. Scrolling and panning meant still more clicks; finding the tiny scroll-bar ball and dragging it around. Small things, maybe, but performing these actions dozens of times a day was a pain—especially for designers and engineers. Chaudhri, for one, was interested in directly interacting with the screen—streamlining receptive acts like closing windows. “What if you could just tap, tap, tap them and be done?” he says. That sort of direct manipulation could make navigating computers more efficient, expressive, more fun.

Fortunately, there was a consumer technology out there that already allowed users to do something like that, if not quite in the exact form the ENRI crew was after. In fact, one of Apple’s engineers was using it. Around that time, Tina Huang had shown up to work with an unusual, plastic black touchpad marketed to computer users with hand injuries. It was made by a small Delaware-based company called FingerWorks. “At the time I was doing a lot of work that involved me testing with a mouse,” Huang tells me, including a lot of dragging and dropping. “So I was having some wrist troubles and I think that definitely motivated me to get the FingerWorks.”

The trackpad allowed her to use fluid hand gestures to communicate complex commands directly to her Mac. It let her harness what was known as multitouch finger tracking, and, Chaudhri says, it inspired the group to examine the technology.

“We kind of started playing around with multitouch and that was the thing that resonated with a lot of people,” Strickon says. He was familiar with the upstart company, and he suggested they reach out.

“I was like, you know, we’ve actually seen these guys,” Huppi says. They’d been in and out of Cupertino taking meetings over the last couple of years, but had never gotten much traction. Finger-Works was founded by a brilliant PhD student, Wayne Westerman, and the professor advising him on his dissertation. Despite generally agreeing that the core technology was impressive, Apple’s marketing department couldn’t figure out how they would use multitouch, or sell it. “We said, well, it’s time to look at it again,” Huppi says. “And it was like, Wow, they really have figured out how to do this multitouch stuff with capacitive sensing.” It’s impossible to understand the modern language of computing, or the iPhone, without understanding what that means.

On Touch

At the time, touch tech was largely limited to resistive screens—think of old ATMs and airport kiosks. In a resistive touchscreen, the display is composed of layers—sheets coated with resistive material and separated by a tiny gap. When you touch the screen with your finger, you press the two layers together; this registers the location of said touch. Resistive touch is often inexact, glitchy, and frustrating to use. Anyone who’s ever spent fifteen minutes mashing their fingers onto a flight-terminal touchscreen only to get flickering buttons or random selections is keenly aware of the pitfalls of resistive touch.

Instead of relying on force to register a touch, capacitive sensing puts the body’s electrochemistry to work. Because we’re all electrical conductors, when we touch a capacitive surface, it creates a distortion of the screen’s electrostatic field, which can be measured as a change in capacitance and pinpointed rather precisely. And Finger-Works appeared to have mastered the technology.

The ENRI team got their hands on a FingerWorks device, and found they came with diagrams detailing dozens of different gestures. Huppi says, “I sort of likened it to a very exotic instrument: not too many people can learn how to play it.” As it had in the past, Apple’s tinkerers saw the chance to simplify. “The core of the idea was there, which was that there were some gestures, like pinch to zoom,” Huppi says. “And two-finger scrolling.”

A new, hands-on approach to computing, free of rodent intermediaries and ancient keyboards, started to seem like the right path to follow, and the ENRI team warmed to the idea of building a new user interface around the finger-based language of multitouch pioneered by Westerman—even if they had to rewrite or simplify the vocabulary. “It kept coming up—we want to be able to move things on the screen like a piece of paper on the table,” Chaudhri says.

It would be ideal for a trackpad as well as a touchscreen tablet; an idea long pursued but never perfected in the consumer market—and one certainly interesting to the vets of the Newton (which had a resistive touch screen) who still hoped to see mobile computing take off.

And it wouldn’t be the first time a merry band of Apple inventors plumbed another organization for UI inspiration. In fact, Silicon Valley’s premier Prometheus myth is rife with parallels: In 1979, a young squad of Apple engineers, led by Steve Jobs, visited the Xerox Palo Alto Research Center and laid eyes on its groundbreaking graphical user interface (GUI) boasting windows, icons, and menus. Jobs and his band of “pirates” borrowed some of those ideas for the embryonic Macintosh. When Bill Gates created Windows, Jobs screamed at him for stealing Apple’s work. Gates responded coolly: “Well, Steve, I think there’s more than one way of looking at it. I think it’s more like we both had this rich neighbor named Xerox and I broke into his house to steal the TV set and found out that you had already stolen it.”

While the brass set up meetings with the Delaware touch scholars, the ENRI team set to thinking about how they could start experimenting with multitouch in the meantime, and how splicing FingerWorks tech into a Mac-powered device might work. There was, from the outset, a major obstacle to confront: They wanted to interact with a transparent touchscreen—but FingerWorks had used the technology for an opaque keyboard pad.

The solution? An old-school hardware hack.

Rigged

To find inspiration for a prototype, the team turned to the internet. They found videos of engineers doing direct manipulation, Huppi says, by projecting over the top of an opaque screen. “And we’re like, ‘This is exactly what we’re talking about.’”

They brought in a Mac, set up a projector to hang over a table, and positioned the trackpad beneath it. The idea was to beam down whatever was being shown on the screen of the Mac, so that it’d become a faux ‘screen’ atop the trackpad. “We basically had this table with a projector over the top, and there’s this trackpad, looking like it was like an iPad sitting on the table,” Huppi says.

Problem was, it was hard to focus the new “screen.” “I literally went home that day and got some crazy close-up lenses out of my garage, and taped them onto the projector,” Greg Christie says. The lens did the trick. “If you focus everything the right way, you could actually project an image of the screen onto this thing,” Huppi says.

Finally, they needed a display. For that, they went low-tech. They put a white piece of printer paper over the touchpad, and the touchscreen simulation was complete. Clearly, it wasn’t perfect. “You got a bit of a shadow from your fingers,” Bas Ording says, but it was enough. “We could start exploring what we could do with multitouch.”

The Mac/projector/touchpad/paper hybrid worked—barely—but they also needed to customize the software if they were going to experiment with the touch dynamics in earnest, and put their own spin on the interface. That’s where Josh Strickon came in. “I was writing a lot of the processing algorithms for doing the finger detection,” Strickon says, as well as “glue software” that gave them access to multitouch data generated by the experiments.

Freewheeling as it was, the project nonetheless began to take on a secret air. “I don’t remember a day when someone said, ‘Okay, we’re not allowed to talk about it anymore,’” Strickon says, but that day came. With good reason: The ENRI team’s experiment had suddenly become an exciting prospect, but if Steve Jobs found out about it too early and disagreed, the whole enterprise stood to get shut down.

User Testing

The experimental rig was perfect for its new home—that empty old user-testing facility. It was spacious, about the size of a small classroom. Giant surveillance cameras dangled from the ceilings, and behind the one-way mirror, there was a room that looked like an old recording studio, replete with mixing boards. “I’m sure it was all top-of-the-line stuff back in the eighties,” Huppi says. “We laughed that the video recording equipment was all VHS!” And they needed security clearance to get in—Christie was one of the few in the company who had access at the time.

“It was kind of a weird space,” Strickon says. “The irony was, we were trying to solve problems about the user experience in a user-testing room without ever being able to bring an actual user into it.”

Ording and Chaudhri spent hours down there, hammering out demos and designs, building the fundaments of a brand new interface based entirely on touch. They used Strickon’s data feed to create tweaked versions of the FingerWorks gestures, and tested new ideas of their own. They homed in on fixing the ENRI group’s shit list: Pinch to zoom replaced a magnifying glass icon, a simple flick of the screen simplified click-and-drag scrolling.

Throughout, their creative partnership made for a powerful symbiosis. “Bas was a bit better with the technical side,” Chaudhri says, “and I could contribute more with the artistic elements.” From an early age, Chaudhri was chiefly interested in how technology was intersecting with culture. “I wanted to be one of three places: the CIA, MTV—or Apple,” he says. After interning at Apple’s Technology Advancement Group, he was offered a job in Cupertino. His friends were dubious. “You’ll spend all your time designing little icons,” they said. He laughed them off and took it. “It turns out they’d only be thirty percent right.”

His talent with icons, however, made him an ideal fit for Bas’s animated experiments. “We worked together quite well,” Ording says. “He was doing more icons and nice graphics—he’s really good at setting up the whole style. I was a little bit better at doing the interactive prototyping and the feel and dynamic parts.” He’s being modest, of course. Mike Slade, a former adviser to Steve Jobs, described Ording as a wizard: “He’d take ninety seconds pecking away, he’d hit a button, and there it was—a picture of whatever Steve had asked for. The guy was a god. Steve just laughed about it. ‘Basification in progress,’ he’d announce.” Ording’s father ran a graphic design company outside of Amsterdam, and he learned to code as a kid—maybe it was in his blood. Regardless, industry giants like Tony Fadell hail him as a visionary. One of his peers from the iPhone days puts it this way: “I don’t know what else to say about Bas, that guy’s a genius.”

The new touch-based template proved so promising, even exhilarating, that Chaudhri and Ording would pass entire days down there, sometimes without realizing it—UI’s Lennon and McCartney at work.

“We’d go in with the sun and leave with the moon,” Chaudhri says. “We’d forget to eat. If you’ve ever been in love, not having a single care, that’s what it was like. We knew it was big.”

“There were no windows, it was kind of like a casino,” Ording says. “So you could look up and it’d be four o’clock and we’d worked right through lunch.”

They started to shield their work from outsiders, even from their boss, Greg Christie—they didn’t want anything to intrude on the flow and momentum of the progress. “At that point,” Chaudhri says, “we stopped talking to people. For the same reasons that start-ups go into stealth mode.” And they didn’t want it to get shut down before they could effectively demonstrate the full scope of their gestating UI’s potential. Naturally, their boss was irked.

“I remember we were going to Coachella, and Christie told us, ‘Maybe when you get back from that orgy in the desert, you can tell me what the hell you’re doing down there,’” Chaudhri says.

They cooked up compelling demos that showcased the potential of multitouch: maps you could zoom and rotate, and pictures that you could bounce around the screen with a quick pull of your fingers. They uploaded vacation photos and subjected them to multitouch experiments. “They were the masters of coming up with the UI stuff,” Huppi says. People would gather around as Ording used two fingers to rotate and zoom in on globs of color, manipulating the pixels in a smooth, responsive state. Ording and Chaudhri say it was already clear that what they were working on had the potential to be revolutionary.

“Right away, there was something cool about it,” Ording says. “You could play with stuff, and drag stuff around the screen, and it would bounce, or you could pinch zoom, all that kind of stuff.” You know, the kind of stuff that would become the baseline for a newfangled mobile machine-human symbiosis.

It was time to put some of that genius to the test.

Showtime

With a handful of working demos and a reasonably reliable rig in place, Duncan Kerr showed the early prototype to Jony Ive and the rest of the ID group. “It was amazing,” core member Doug Satzger said, sounding taken aback. Among the most impressed was Ive. “This is going to change everything,” he said.

But he held off on sharing the project with Jobs—the model was in a cumbersome, inelegant conceptual state, and he worried that Jobs would dismiss it. “Because Steve is so quick to give an opinion, I didn’t show him stuff in front of other people,” Ive said. “He might say, ‘This is shit,’ and snuff the idea. I feel that ideas are very fragile, so you have to be tender when they are in development. I realized that if he pissed on this, it would be so sad because I knew it was so important.”

Just about everyone else was already sold. “It’s just one of those things where instantly anyone who saw it was like, ‘This is the coolest thing I’ve ever seen,’” Huppi recalls. “People’s eyes would light up when they used it, when they saw this thing and played with it. And so we knew that there was something really magical about this.”

The question was—would Steve Jobs think so too? After all, Jobs was the ultimate authority—he could kill the project with a word if he didn’t see the potential.

The rig worked. The demos were compelling. They made it clear that instead of clicking and typing, you could touch, drag, toss, and manipulate information in a more fluid, intuitive way.

“Jony felt it was time to show it to Steve Jobs,” Huppi says. At this point, it was as much a matter of timing as anything else. “If you caught Steve on a bad day, everything he saw was shit, and it was like, ‘Don’t ever show this to me again. Ever.’ So you have to be very careful about reading him and knowing when to show him things.”

In the meantime, the table-sized rig sat in the secret surveillance lab on Infinite Loop, projecting the shapes of the future onto a blank white sheet of paper.


CHAPTER 1

A Smarter Phone

Simon says, Show us the road to the smartphone
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Stop me if you’ve heard this one before.

One day, a visionary innovator at one of the world’s best-known technology companies decided that the future of communication lay in combining mobile phones with computing power. The key, he believed, was ensuring this new device functioned intuitively, so a user could pick it up and it would already feel familiar. It would have a touchscreen you could use to control the device with your fingers. It would have an easy-to-navigate home screen filled with icons you could tap to activate. It would have internet access and email. It would have games and apps.

First, though, a prototype had to be built in time to show it off to the world at a very public demonstration, where the eyes of the media would be fixed on him. In order to meet the deadline, the visionary pushed his team to the breaking point. Tensions mounted. Technology failed, then worked, then failed again. Miraculously, on the day of the big demo, the new hybrid phone was—barely—a go.

The innovator stepped into the spotlight and promised a phone that would change everything.

And so the smartphone was born.

The year was 1993.

The visionary inventor was Frank Canova Jr., who was working as an engineer in IBM’s Boca Raton, Florida, labs. Canova conceived, patented, and prototyped what is widely agreed to be the first smartphone, the Simon Personal Communicator, in 1992. That was a year before the World Wide Web was opened to the public and a decade and a half before Steve Jobs debuted the iPhone.

While the iPhone was the first smartphone to go fully mainstream, it wasn’t actually a breakthrough invention in its own right.

“I really don’t see the iPhone as an invention so much as a compilation of technologies and a success in smart packaging,” says Chris Garcia, the curator of the Computer History Museum, the world’s largest collection of computer-related artifacts. “The iPhone is a confluence technology. It’s not about innovation in any field,” he says.

The most basic innovation of the smartphone was the introduction of a computer into a device that every household in the nation had access to: the telephone. The choices that were made to render the phone smart, like using a touchscreen interface and foregrounding apps, would have serious ramifications in shaping the modern world. And those foundations were set well over two decades ago.

As the renowned computer scientist Bill Buxton puts it, “The innovations of the Simon are reflected in virtually all modern touchscreen phones.”

By 1994, Frank Canova had helped IBM not just invent but bring to market a smartphone that anticipated most of the core functions of the iPhone. The next generation of the Simon, the Neon, never made it to the market, but its screen rotated when you rotated the phone—a signature feature of the iPhone. Yet today, the Simon is merely a curious footnote in computing history. So the question is: Why didn’t the Simon become the first iPhone?

“It’s all about time frames,” Canova says with a wry smile, holding up the first smartphone. It’s black, boxy, and the size of a brick. “The technologies actually just barely allowed us to make this kind of phone.”

We’re sitting in his spacious, slightly cluttered office in Santa Clara, the heart of Silicon Valley, in the shadow of the amusement park Great America. Canova now works for Coherent, an industrial laser company, managing a team of engineers. It’s a twenty-minute drive to Cupertino. And he’s holding the third smartphone ever to roll off an assembly line: the Simon, serial number 3. He won’t have it for much longer—historians are finally wising up to its value, and he’s about to ship it off to the Smithsonian.

[image: image]

“It’s a computer, so you have to boot it up,” Canova says with a laugh as Simon emits a distinctly 1990s-flavored beep. Its yellow-green LCD screen lights up, and when I touch icons, like one named Address Book, they open new applications. The battery no longer lasts for more than a few seconds, so we keep it plugged in, but otherwise, it works seamlessly. The number pad is responsive. There’s a slide-tile game. Sure enough, it feels like an 8-bit iPhone.

“So this is Simon the product,” he says. “The year prior to this coming out, in 1992, we had a prototype. I wrote a bunch of apps for the technology demo—we had all sorts of, I’ll call it visionary things, I wanted to put on there, so I included a map, GPS, stock quotes. We had an app for a whole bunch of things; we had games.” Since the Cloud didn’t exist yet, and large hard drives were too big to fit in a handset, many apps couldn’t be included on the machine itself. The plan was to create a system to support add-on cards that would plug in to enable functionalities like GPS. He had proposed an old-school, IRL app store.

Canova, who is now in his fifties, is energetic and sharp. His head is clean-shaven and he sports a thick, graying mustache and a quick, mischievous smile. He grew up in Florida with a love of tinkering and gadgets; he was more Wozniak than Jobs, and experimented with hardware in his spare time. “I was a hacker, and hackers, well, from that era—hackers meant you could build a computer from scratch. So, I was building computers,” he says, some based on the motherboard designs of Steve Wozniak. “It was unfortunate, I’ll call it, to live in Florida, outside of where the [Silicon] Valley stuff was going on.”

He graduated with a degree in electrical engineering from the Florida Institute of Technology and went to work for IBM. He stayed at the company for sixteen years, rising through the ranks thanks to his mastery of both hardware and software. In the 1980s, he joined an “advanced research team” that was in charge of engineering IBM’s first laptop computer and making it as small as possible. “One of the goals there was just to make a computer that could fit in your shirt pocket,” Canova says.

But the researchers didn’t have the technology to make a computer that small. Then, as the laptop project was hitting a wall, one of IBM’s neighbors presented the team with a fortuitous opportunity. “In Boca Raton, we had Motorola literally right down the street from us. Big plant, making all sorts of wireless products. They were very popular at the time,” Canova says. That’s putting it mildly: In the early 1990s, Motorola was the largest seller of cell phones in the world. And its Florida branch had an unusual business philosophy for the time—they were interested in sharing notes and collaborating with IBM. The engineers began exploring ways that they might combine the two tech giants’ product lines. “Everyone was thinking, How do you put a radio inside a desktop computer?”

But Canova had grander ambitions. “It immediately became clear to me that, no, you don’t want to have something to look like a computer at all. If you’re making a radio, you want it to be portable. You want to hold it in one hand; you want to have it be intuitive, so what could your thumb do? You don’t want to select something and have to type a command in every time you want it to do something, which in the DOS era is how you started programs.” He didn’t know what to call it, but Frank Canova wanted to build a smartphone.

“We approached Motorola about doing a joint project, essentially a smartphone project, and Motorola said no. They basically said, ‘Well, we’re not so sure about this shaky idea of yours,’” Canova says. But they agreed to support the team behind the scenes and provide Canova’s group with the latest phone models. “We had to rub the names off of stuff, we had to paint over Motorola logos, because we were using their parts for this very first prototype of a smartphone back then.”

Motorola wanted nothing to do with the first smartphone. Soon it became clear that IBM wasn’t so sure either. “Honestly, IBM really wasn’t interested in this business,” Canova tells me. But he was convinced that he’d clawed at the kernel of something groundbreaking. He just needed the funding to prove it. He’d already convinced one of the sales managers to go to bat for the Simon, but that manager still had to win over his boss.

“The way he sold it,” Canova says, “is I gave him this list of stuff you could do with a smartphone. So he took a big bag and he walked it over with all sorts of toys to our head guy who was running the Boca Raton site, and he said, ‘Okay, we need funding. And it’s funding for a thing that’s going to do a lot of stuff.’ So he pulled out a calculator and plopped it on his desk. Pulled out a GPS radio and plopped it on his desk. Pulled out a big book and maps, says, ‘It’s going to do that. And this.’ And he starts filling up his table with all this stuff. And he says, ‘You know, all this is going to be in one device. It’s not going to be all this separate stuff.’”

The one-device presentation worked back in 1992 too. Frank’s team got the funding and scrambled to build a functioning prototype to show off at a technologies-of-the-future booth at COMDEX, then a major trade show. The team worked such long hours that Canova’s newborn baby became a familiar sight in the lab—one of the only ways the new father could squeeze in time with him was to bring him to IBM.

The blitz paid off. The project briefly drew acclaim in the media, and IBM directed more resources to Canova’s team. “To me, it was fundamental to make that interface as easy to use as a phone you could just pick up,” Canova says. And that’s exactly what IBM did.

“The Simon was ahead of its time in so many different ways,” Canova says, a bit wistfully. That’s an understatement. Smartphones wouldn’t conquer the world for two more decades.

* * *

“There’s really nothing new,” Matt Novak says. “Apple and Samsung can believe that they invented these technologies, but there’s always something that predated them, at least on paper.”

Novak runs Paleofuture, a blog dedicated to collecting and analyzing the past’s futuristic fantasies and predictions, and we’re talking about the modern conception of the smartphone and the long history of similar devices—both real and imagined—that preceded the iPhone, and even the Simon.

Visions of iPhone-like devices can be traced back to the late 1800s. One of the earliest and most striking is an 1879 cartoon by George du Maurier that appeared in the satirical Punch Almanack. Titled “Edison’s Telephonoscope,” it’s a winking speculation about what it might look like if the famed American inventor managed to combine the telephone with a transmitter of moving images.
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The caption reads as follows:


(Every evening, before going to bed, Pater- and Materfamilias set up an electric camera-obscura over their bedroom mantel-piece, and gladden their eyes with the sight of their Children at the Antipodes, and converse gaily with them through the wire.)

Paterfamilias (in Wilton Place): “Beatrice, come closer, I want to whisper.”

Beatrice (from Ceylon): “Yes, Papa dear.”

Paterfamilias: “Who is that charming young Lady playing on Charlie’s side?”

Beatrix: “She’s just come over from England, Papa. I’ll introduce you to her as soon as the Game’s over!”



If you translate that Victorian vernacular into modern English and squint a little, you see wealthy parents FaceTiming with their kids away at summer camp. Maurier’s speculation made the same promises that smartphone advertisers do today—the promise of never missing a moment with your friends and family, of unfettered communication, of having a portal into any part of the world.

In 1890, the futurist and satirist Albert Robida describes another telephonoscope in his illustrated novel The Twentieth Century. This one transmits both “dialogue and music” and the scene of a place itself “on a crystal disc with the clarity of direct visibility…. Thus we could—what a wonder (!)—become a witness in Paris of an event that took place a thousand miles away from Europe.”

Many of these visions, I should note, were satirical—they saw the connected, electrified world as being full of absurdities and distractions—so the fact that the prophecies proved accurate shouldn’t necessarily be cause for celebration.

Robida imagined people using his tScope (twenty-first-century branding was still beyond his grasp, so I’ve taken the liberty of helping him out) for entertainment—watching plays, sports, or news from afar; Maurier pictured people using it to stay ultraconnected with family and friends. Those are two of the most powerful draws of the smartphone today; two of its key functions—speed-of-light social networking and audiovisual communication—were outlined as early as the 1870s.

These ideas, whether fantastic or feasible, are constantly patched into what some academics term technoculture, the interplay between, well, technology and culture. It’s a firmament of ideas that drives both invention and imagination. So it’s not really surprising these particular smartphonic concepts, visions, and fantasies sprang up in the late 1800s. The electric revolution was fully under way then, driven by a flurry of already substantiated inventions, each stemming, mostly, from the telegraph.

* * *

The first optical telegraphs, or line-of-sight semaphores, were put into use during the French Revolution, to transmit military information between France and Austria. They could only transmit the equivalent of two words per minute, but information could suddenly travel many miles. Still, the general concept is ancient: Imagine the feeling of recognizing friendly code in a plume of smoke after spending the day warding off invaders of the Great Wall of China in 900 B.C.—it’d be at least as satisfying as getting a notification of a fresh round of Likes.

The telegraph took off in 1837, around when Samuel Morse commercialized the electrical variant, allowing data—via his eponymous code—to be carried across vast lengths of wire. “In a historical sense, the computer is no more than an instantaneous telegraph with a prodigious memory, and all the communications inventions in between have simply been elaborations on the telegraph’s original work,” according to the history of technology scholar Carolyn Marvin.

“In the long transformation that begins with the first application of electricity to communication, the last quarter of the nineteenth century has a special importance,” Marvin writes. “Five proto–mass media of the twentieth century were invented during this period: the telephone, phonograph, electric light, wireless, and cinema.” If you’re counting, these are the prime ingredients for the smartphone you’ve got in your pocket right now.

A lot of technological progress has resulted from chasing those germs to their logical conclusions; high-res video, infinite playlists, LTE wireless networks, among others. But ultimately, of all the early transformative electric technologies, it’s the phone that became the vessel for the rest.

* * *

“It’s a phone first; it wasn’t a computer at all,” Canova says of his Simon. “It did have to have all of these features behind it which needed a computer, but you shouldn’t expose the computer to the end user. You have to expose a very simple, basic user interface; you want the computers to be invisible.”

At his office desk, he swings over to his landline phone, picks it up, and puts it to his ear. “And the phone’s interface is easy and natural,” he says. In the 1990s, everybody knew how to use it, because there are few devices more fundamental to modern civilization than the telephone.

A century before, however, the telephone was so novel that many investors and officials considered it a toy. Even so, Alexander Graham Bell wasn’t the first to pioneer the concept. The idea of transmitting sound over an electric telegraph hung so thick in the air in the 1870s that some half a dozen figures are routinely placed in consideration for the phone’s inventorship, including Elisha Gray, the electrical engineer who filed a similar patent on the very same day as Bell.

But Bell was a determined developer, presenter, and marketer, a lot like his contemporary Thomas Edison and a lot like Steve Jobs. He was also a gifted linguist and an educator who developed programs that helped the deaf learn to speak.

According to Bell, the telephone is said to have begun, like many myth-draped American inventions, with an epiphany. “If I could make a current of electricity vary in intensity precisely as the air varies in density during the production of sound,” Bell said, “I should be able to transmit speech telegraphically.” According to Herbert N. Casson’s 1910 history of the telephone, Bell “dreamed of replacing the telegraph and its cumbrous sign-language by a new machine that would carry, not dots and dashes, but the human voice. ‘If I can make a deaf-mute talk,’ he said, ‘I can make iron talk.’” Initially, he envisioned placing a harp at one end of a wire and a “speaking-trumpet” at the other; the tone of a voice spoken into the trumpet would then be reproduced by the harp strings. He was also testing new technologies to improve his Visible Speech program when he mentioned his experiments to a surgeon friend, Dr. Clarence J. Blake. “Why don’t you use a real ear?” he asked. Bell was game.

The surgeon cut an ear from a dead man’s head, including its eardrum and
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