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				“It is a myth—widely believed but not less mythical for that—that people are most creative when they are most free.”

				—Herbert Simon,
 Nobel laureate in economics and pioneer of cognitive psychology and artificial intelligence

			

		

	
		
			
				Introduction

				A Textbook Case of Discovery

			
			There is, perhaps, no more beautiful and inspiring story in the long history of discovery than that of Dmitri Mendeleev’s dream.

			Over three tireless days in February 1869, the Siberian-born chemist struggled to organize all sixty-three known elements—the chemical bricks that construct the universe. He was fixated on the idea that there must be some underlying system, some natural pattern that organized the behavior of elements. If he could find it, it would be the culmination of an ancient quest. Greek scholars had proposed that the universe was composed of four fundamental materials: earth, air, fire, and water. With little variation, that idea had persisted—for twenty straight centuries.

			But beginning in the mid-eighteenth century, a medley of new elements were discovered: platinum, nickel, oxygen, titanium, and more. Mendeleev had learned a lot about them—their different weights, lusters, industrial uses, the strength of the acids they formed and the shape of their crystals, and how they combined with one another. But neither he nor anyone else had found a method to the madness of nature’s prodigious variety. It couldn’t simply be random, could it?

			Mendeleev searched for an organizing scheme, but hit one dead end after another. At some point, his focus waned and he lapsed into a daydream. His mind drifted to his long train trips, green masses of forest zipping by the window as he passed the time playing solitaire. It gave him an idea. He retrieved a stack of blank cards from a drawer, and on each one wrote the symbol for a single element, along with characteristic properties. He shifted and shuffled them around his desk, hoping for a glimpse of some hidden order. But after three days with little sleep, he could focus no longer. He tipped forward, his unruly beard settling over his folded arms, and drifted off into the most important dream in human history.

			With his mind freed from the bounds of consciousness, Mendeleev entered a dreamscape. The elements danced and whorled around him until, as if by magic, they snapped into an orderly arrangement. They had assembled themselves into a series of vertical columns, each column comprised of elements with similar properties and arranged by ascending weight.

			With the columns placed side by side, it became clear that certain chemical characteristics changed gradually down the column, and then reset at the top of the next column and started over. In other words, moving along the columns, chemical and physical properties of the elements recurred periodically. “Awakening, I immediately wrote it down on a piece of paper,” Mendeleev recalled. “Only in one place did a correction later seem necessary.”

			Mendeleev had dreamt the most important data visualization ever rendered: the periodic table. The properties of elements could now be predicted before anyone documented them through laborious experimentation simply by referring to their location on the table. As the periodic table expanded, that leap would soon touch every industry on Earth. Even now, at the cutting edge of technology, it is all around us. Lithium for electric car batteries can be difficult to obtain and its extraction is environmentally damaging, so engineers moved one spot down the periodic table to sodium; the first cars with sodium-ion batteries went on sale in 2024. Sodium ions, in turn, are replaced by potassium ions (one spot down) in glass to maximize its strength for touchscreens and windshields. Arsenic replaced its periodic table neighbor phosphorus in superconductors and resulted in superior performance. The platinum-based drug cisplatin is a lifesaving treatment for common forms of cancer but has brutal side effects, so medical researchers moved one spot over on the periodic table, to gold, in search of less-toxic compounds that can halt tumors.

			Mendeleev was so sure of the pattern he dreamt that he left gaps in the table where he predicted other, undiscovered elements would one day fit. He labeled one such blank “eka-aluminum.” “Eka” is the Sanskrit word for “one,” as in: the undiscovered element should be one spot away from aluminum. When a French chemist discovered a soft, shimmering metal that melted in his hand, he saw that it had several of the properties Mendeleev had predicted for eka-aluminum. But the density was off. Mendeleev was so sure that his table represented a true pattern of nature that he wrote to the Frenchman and told him that he must be wrong, and should check his measurements again. The Frenchman did, and Mendeleev was right. The element was gallium, which would eventually be used in technology from LED lights and lasers to semiconductors and solar panels. Other blanks, too, would soon be filled.

			Even more important, the revelation of a natural order to the elements launched a search for the underlying cause of that order. Mendeleev didn’t know the nature of atoms, as we do today. It wasn’t until the early twentieth century that scientists discovered the arrangement of subatomic particles determines an element’s properties. Chemical properties change and recur predictably across the periodic table, we now know, because the arrangement of electrons changes predictably. Mendeleev’s table propelled the search that led to our modern understanding of all matter in the universe. The physicist and Nobel laureate Richard Feynman once said that if some cataclysm destroyed all scientific knowledge and he could pass only one idea down to future generations, it would be that “all things are made of atoms.”

			All of this is why Mendeleev’s dream is one of the most oft-repeated and beloved “Eureka!” moments in history. It is featured in books, films, and educational curricula. I first learned it in a college chemistry course. The mattress company Casper once marketed a version of the dream in which Mendeleev dozes to the sound of chamber music: “All it took was pausing from his obsessive activities and letting go.” In 2019, the United Kingdom’s Royal Society—a fellowship of prominent scientists—tweeted in celebration of the dream’s 150th anniversary. In his bestseller Why We Sleep, Dr. Matthew Walker, director of UC Berkeley’s Center for Human Sleep Science, touts Mendeleev’s breakthrough to demonstrate the intellectual power of REM sleep. Mendeleev’s “dreaming brain accomplished what his waking brain was incapable of,” Walker writes. “The dream took hold of the swirling ingredients in his mind and, in a moment of creative brilliance, snapped them together in a divine grid.”

			Could there be a more magical story of discovery? There is, though, a catch. They’ve all got the story wrong. And not just wrong, but wrong in a way that completely misses the true secret to Mendeleev’s success.

			But before I explain, I want to share a personal story.

			

			

			One of the best things that ever happened to me began as a nightmare.

			In eighth grade, sports were the sun around which my life orbited. I’m not a morning person, but I would wake up at 5:30 a.m. every day, stumble groggily downstairs to watch ESPN’s SportsCenter through half-open eyes, and then watch it play again. That is: I woke up early enough not just to watch the half-hour segment, but to watch it twice in a row. Every single day of the year, I played football, basketball, or baseball. On the best days, all three. And I was good. I was small but fast, and I could throw. That’s why I was playing quarterback during gym class on the day that changed everything.

			My team had just scored a touchdown. In this schoolyard football, instead of a post-touchdown kickoff, a member of the scoring team would throw the ball as far as they could to the other side of the field for the receiving team to return. As QB, I was the thrower. I think the shock of what happened next erased some of the details from my memory.

			I assume I carefully arranged my fingers on the laces, as always, and patted the ball a few times. I’m sure I must have taken a running start in order to heave the ball as far as possible. My teammates would have been arrayed alongside me, keeping pace, ready to race downfield as soon as I released the ball. I must have taken the customary hop-skip-jump before a long throw, dropped my right hand back and down, faced the sky, and launched the ball with all my middle school might.

			I think there was a gruesome sound, but the next thing I remember for sure is that I was on my knees in the grass. I remember feeling dizzy and wanting to throw up and little sparkles winking in and out of existence in my peripheral vision. Something hideous had happened to my arm.

			A teammate tried to pick me up, and when my arm lolled to the side at a sickening angle, he put me down and backed away. I gathered up my right arm with my left and staggered over to a teacher. It couldn’t be that bad, he told me—you didn’t even get hit. I heard that logic several more times before a school nurse looked at my ashen face and immediately called my parents.

			At the hospital, they put me on an X-ray table. I was lying on my back with my eyes closed, still nauseous, my right arm draped across my stomach. They told me to stay on my back and lift the injured arm and rotate it, so that my hand would stick straight up from my body, as if trying to greet someone with a handshake. I did it, but they gave me the same instructions again, as if I had ignored them the first time. I opened my eyes and immediately understood the problem: My arm was still resting on my stomach. I hadn’t actually moved it at all. When I rotated my shoulder, I had felt a phantom hand out in front of me, but my real hand was still resting limply on my stomach. The humerus bone in my upper arm, we soon learned, had fractured in a spiral, the upper and lower parts completely separated. A doctor guessed that I’d had a hollow area inside my bone that weakened it, but said that we would never know for sure. Another told my mother that if there hadn’t been witnesses, they would have suspected that one of my parents twisted my arm until it snapped in two.

			It hurt, of course. A lot. But worse than the pain was that I had to have my arm put in a cast all the way from shoulder to hand and strapped to my torso. For months, I had to sleep sitting up. I had to go to school wearing baggy shirts (stylistically fine at the time!) with one empty arm hole. I was embarrassed, uncomfortable, and defenseless in a rowdy school. Worst of all, sports weren’t just over for the season. I was barred from contact sports for a year, which meant I wouldn’t be able to play football my freshman year in high school. Which meant, in turn, that the only reason to go to school was…school.

			

			

			It would be an understatement to say that I wasn’t particularly interested in school in eighth grade, least of all French class. There were quizzes where we’d listen to audio of native speakers and have to follow what they said well enough to fill in blanks on a worksheet that tracked the conversation.

			With my writing hand strapped to my torso, I couldn’t keep up. So I devised a strategy. I used mnemonics—long before I had any idea what that word meant. When I heard a French word that went with a blank, I associated it with some image (sports!) in my head, and then linked that image to another image (probably more sports!) for the next word I had to remember. Suddenly, I found it easy to memorize all of the words for the blanks. When the audio ended, I just went back and filled them all in from memory, writing slowly with my left hand. I actually did better on the quizzes than I had before, when I was using my dominant hand and scrambling to try to fill in the blanks as the audio whizzed by.

			Long after my arm healed, I kept using mnemonics—in every class, all the way through grad school. Today, when I have to give a presentation, I have no trouble memorizing a fast-paced hour-long talk. When I’m done, almost without fail, someone will ask whether I have a photographic memory. I most certainly do not. If I put my keys down and spin in a circle, I lose them. But I’ve gotten handy with mnemonics. It started because I had to pass those French quizzes when I couldn’t use my right hand. The limitation of my broken arm helped me overcome the limitation of my working memory. Nearly two decades after the arm incident, I came across one of the most famous studies ever done on memory, in which a Carnegie Mellon undergrad increased the number of random digits he could remember from 7 to 82. How did he do it? He used sports-related mnemonics. Go figure.

			The following year, since I was prohibited from playing football, a gym teacher suggested I run cross-country to stay in shape. I was uninterested in the sport. It might be more accurate to say that I wasn’t really even sure what it was. But I gave it a try. As it happened, I loved the coach, the guys on the team, and the feeling of tangible fitness improvement. For the next two years, I returned to football, basketball, and baseball, but I stayed small, and with a throwing arm that never recovered from the break, I saw the writing on the wall. Junior year, I returned to that same coach to run track. Running soon became one of the most important things in my life. I ran the 800 meters in college, where I was twice All-East in Division I. Running also got me interested in physiology, which eventually led me to become the science writer at Sports Illustrated, and then to start writing science books, which is all just to say that you wouldn’t be reading this book if I hadn’t destroyed my right arm in eighth grade.

			Back when that arm was a useless weight strapped to my body, I felt like my life was ruined. In the end, though, it gave me a new tool (mnemonics) that would last a lifetime, and rather than curtailing my athletic career, as I feared at the time, it actually extended it.

			In short, my life changed—improved in the long term—thanks to a constraint. That’s also what happened to Mendeleev.

			

			

			Mendeleev had a book contract.

			He was in a hurry to finish the two-volume intro to the chemistry textbook that he owed his publisher. By January 1869, he’d finished the first volume. The trouble was that it included just eight of the sixty-three known elements. Volume two, then, would have to comprise the other fifty-five. Mendeleev desperately needed an organizational scheme that would allow him to squeeze all the remaining elements into a single volume. Looking for groups of elements turned out to be the perfect solution. It would allow him to describe an entire set together rather than each element individually. Mendeleev found the periodic pattern while searching for a logical way to order the elements in the confined space of an introductory textbook.

			He was boxed in by a book contract, and that made all the difference. The notion that the periodic table came to him fully formed in a dream is, quite simply, false. Here is the sum total of what science historian Michael Gordin had to say in his authoritative biography about Mendeleev making the discovery in a dream: “He clearly did not.” Just the opposite, in fact. Mendeleev wasn’t even looking for a law of nature. Rather, he was furiously trying different arrangements to come up with something that would work for the textbook. Below is a rough draft he was working on when he had his breakthrough; it’s covered with changes and corrections. Does this look like the work of someone who woke up and simply wrote down a finished system?

			
				
					[image: Historical handwritten document showing one of Dmitri Mendeleev’s first periodic tables, with columns of chemical element symbols such as Li, Na, F, O, N, C, Be, Cu, Hg, and Th, each followed by atomic weights written as decimals, many entries crossed out, circled, or overwritten, and additional calculations and short Russian words scattered around the page.]
				

			

			The chemical solitaire cards are probably made up too. There is no evidence they existed, although Mendeleev did indeed play solitaire on his train trips. As for Mendeleev’s own quote—“Awakening, I immediately wrote it down on a piece of paper”—that was relayed by a friend decades later. If he said it at all, Mendeleev was not referring to his discovery of the periodic table. But why does this matter?

			It matters because it is emblematic of something larger. Implicit in the dream story is the idea that what Mendeleev really needed was more freedom. Only with the complete freedom of a dream could he step so far outside the traditional box of received wisdom to transform chaos into order in an instant. In reality, the strict requirements of a textbook provided the guide rails he needed. He didn’t need to think outside the box so much as he needed the right box in which to work.

			The gap between the Mendeleev myth and reality is symbolic. In seeking more freedom we frequently hamper our best efforts, because what we really need are helpful boundaries. Too often, we reach for a dream when what we need is a textbook.

			

			

			My last book, Range, was about the benefits of broad experiences and skills in a world that is both rapidly changing and increasingly specialized. Or, as one of the researchers in that book framed it: the advantages of traveling on an eight-lane highway of life rather than a one-way street. The book found a wide audience, but it also left lingering an obvious question: How does one channel that broad toolbox into achievement?

			Mendeleev was a massive polymath. He was involved in the frontier of science, obviously, but also in education, agriculture, industry, and politics. He asked a friend to present the first version of the periodic table at a scientific meeting because he was off in the countryside consulting on cheese production. His personal network spanned painters, writers, and engineers. As Michael Gordin put it, Mendeleev left “his imprint on almost all areas of the humanities and sciences” in Russia. He clearly had a broader perspective than his peers, both inside and outside of chemistry, but it took a narrowly focused project to catalyze that breadth into lasting impact.

			At a certain level, the challenge we face today is more difficult than what Mendeleev was grappling with. We have a historically unprecedented number of options regarding what to do, who to be, and how to spend our time. Looking at consumer options alone, Oxford professor Eric Beinhocker compared the selection that modern citizens face to that of a preindustrial society, and found the difference to be one hundred million fold. That dwarfs the difference in wealth—a mere four hundred fold. All that choice is wonderful; it is also overwhelming. Grappling with an excess of choice and freedom would have been a laughable notion for most of history. For the most part, people were born into a role with few choices and scant freedom to write their own story. But since the Industrial Revolution, rulers and religions have structured less of our daily lives, and the challenge of copious freedom became a central concern for some of the world’s greatest thinkers.

			In the nineteenth century, the Danish philosopher Søren Kierkegaard wrote about what he called the “dizziness of freedom.” He saw that the sheer weight of exploding choice—in matters of love, career, and faith—often led to dread and despair, as every decision carried the burden of infinite possibilities and the anxiety of taking the wrong path. In the twentieth century, German-born social psychologist Erich Fromm built on Kierkegaard’s ideas and wrote about the human reflex to “escape from freedom,” sometimes in productive ways, by throwing oneself into meaningful activities, or—as he saw around him—by submitting to authoritarianism. A 2023 report from the Harvard Graduate School of Education that examined the extraordinary rates of anxiety and depression among young adults found them struggling with just the challenges Kierkegaard and Fromm highlighted; about three in five said they lack “meaning or purpose,” while half didn’t know what to do with their lives.

			In the abstract, we often overvalue limitless freedom and choice. The surgeon and writer Atul Gawande has reported that 64 percent of people surveyed say that they would want to choose their treatment if they got cancer, but among newly diagnosed cancer patients only 12 percent want to make that choice. When it comes to entertainment, it feels like more options should always be better, yet research shows that giving viewers many videos that they can flip between actually makes them more bored than if they simply focus on one. The mere notion that something better might be out there can spoil the experience of the moment itself. Perhaps unsurprisingly, large surveys in the U.S. and China show that young people have become increasingly bored since about 2010. And a few years ago, when a group of psychologists conducted an international survey of “creativity myths,” they found that a majority of citizens in every country they studied believed that “total freedom” enhances creativity. But that notion is contradicted by research. High-profile counterexamples are all around you.

			The production company Blumhouse became a Hollywood hit factory by handing unique filmmakers small budgets, which forced them to limit the speaking roles and locations in their films but liberated rather than stunted their storytelling. The returns on some of those films, like the acclaimed Get Out and Whiplash, are extraordinary; Paranormal Activity returned about 13,000x its production budget.

			In early 2025, the Chinese company DeepSeek shocked the tech world when it released an AI model that could perform as well as (and sometimes outperform) ChatGPT, despite not having access to the most advanced microchips. As Fareed Zakaria wrote of this “Sputnik moment”: “Engineers often operate best under constraints. Forced to use second-tier chips, Chinese engineers produced creative workarounds.”

			In a more personal realm, the relationship psychologist Scott Stanley has documented a modern trend of “sliding versus deciding.” That is: Young adults drift into major relationship decisions (like moving in together) without ever making a conscious commitment to each other. Avoiding a conscious commitment preserves the feeling (if not necessarily the reality) of keeping one’s options open. But couples who “slide” into escalating commitment end up less satisfied in the long term. And, if they slide into marriage, they are more likely to get divorced.

			As you’ll see in the chapters that follow, overvaluing complete freedom can be disastrous for everything from starting a company to harnessing creativity to finding personal satisfaction. It goes without saying that constraints can be harmful—too little time, too little money, too little autonomy. The word itself is practically synonymous with a frustrating situation. But when we think of constraints only as the nefarious enemy of freedom, we neglect one of the most powerful tools for thriving in work and in life. In the pages to come, you will meet scientists and CEOs, artists and athletes, all orbiting a common theme: Constraints unleashed—rather than stifled—their potential.

			

			

			There is a hefty dose of “mesearch” in this book. I was curious to learn more about how and why constraints can be useful because some of the most formative experiences of my life have revolved around them. The broken arm, of course, but much more than that.

			I once spent a summer working on a seismic research vessel in the Pacific Ocean and learned how to exercise with no equipment and almost no space; it has served me ever since. The following summer, I lived out of a backpack in a glorified tent in the Arctic of Alaska (I was a graduate student studying the Arctic tundra). It had a Marie Kondo–like effect on me in that I realized I liked not having too much stuff. Years later, as a writer, I was having trouble finishing my second book and felt like I’d hit a plateau in my skill development. On a whim, I signed up for an online beginner’s fiction-writing course that I saw advertised on a flyer taped to a lamppost. As part of the course, I had to write a short story using no dialogue at all; it was a revelation. I realized I had been using too many quotes in my writing, which made for exhausting reading, and that I tended to use a quote when I didn’t really understand something well enough to explain it myself.

			I began thinking constantly about useful constraints in my own life—and about the modern struggle of endless comparison and distraction—when I came across a passage by the psychologist Mihaly Csikszentmihalyi, who coined the term “flow” to describe the feeling of immersion in an activity. The passage is about relationship commitment, but one could swap out “marriage” for some other meaningful endeavor and it would still ring true. By “making up one’s mind to invest psychic energy” in a marriage, he writes,

			
				regardless of any problems, obstacles, or more attractive options that may come along later, one is freed of the constant pressure of trying to maximize emotional returns. Having made the commitment…and having made it willingly instead of being compelled by tradition, a person no longer needs to worry whether she has made the right choice, or whether the grass might be greener somewhere else. As a result a great deal of energy gets freed up for living, instead of being spent on wondering about how to live.

			

			“Accepting limitations is liberating,” Csikszentmihalyi wrote. That is not always true, of course—but the more research I did, the more I saw how frequently it was applicable across a broad swath of life. Constraints often have surprising benefits. They can be tools for creativity, collaboration, and contentment. Whether they are purposeful and self-imposed or simply inevitable, I hope this book will help you see obstacles in a new light.

		

	
		
			
				Part I

				How Boundaries Create Breakthroughs

			
		

	
		
			
				
					1

				

				A World Without Limits

			
			Imagine a tech company so visionary that it can take an idea public. A “concept IPO,” they called it.

			Picture the three founders, all former Apple employees, two of whom—software engineers Andy Hertzfeld and Bill Atkinson—were already Silicon Valley legends for their work creating the Apple Macintosh. Atkinson’s prolific inventions included the double click, and the drop-down menu. The third founder, Marc Porat, had a gift for seeing the future.

			For his PhD dissertation at Stanford in 1976, Porat analyzed (in painstaking detail) a century of transition in the American labor force and predicted a sea change in work. An economy based primarily on transforming matter and energy—via agriculture and industry—had been giving way to one based on transforming information. Computers and telecommunications, he saw, were reshaping every industry. “We are entering another phase in economic history,” Porat wrote. On the first page of the first chapter of his dissertation, Porat coined a term that would become famous: “information economy.”

			Porat followed that up by hosting a primetime PBS documentary, The Information Society, in 1980. In it, he positioned information technology as disruptive on a scale matched only by the plow and the steam engine. He delved at length into the power of new technology, as well as emerging problems with privacy, information overload, misinformation, and increasing inequality, and showed that most Americans had no idea that the ground was shifting beneath them.

			In 1988, Porat joined Apple’s Advanced Technology Group, where he could apply his prodigious foresight to the team’s task of figuring out what the next big thing would be after personal computers. One day, Porat took a Sharp Wizard—a new electronic organizer with a calendar and phone book—and duct-taped it to a Motorola analog cell phone. He had his concept. Soon he was making plaster models of a combination phone and digital assistant. In 1989, in a large red leather notebook, he drew a visionary product that would fit the future he had foreseen with eerie accuracy. He called it the Pocket Crystal. You don’t need to have seen the sketch before for it to be instantly familiar.

			The Pocket Crystal schematic depicted a thin glass rectangle with no protruding buttons—just a touch screen. It would be a computer that combined a phone and fax machine; you would use it to send text messages, watch movies, play video games, buy plane tickets, and download new apps. It would fit in your pocket, and it would be beautiful. Following the sketch, Porat wrote in his red book: “It must offer the kind of personal satisfaction that a fine piece of jewelry brings. It will have a perceived value even when it’s not being used. It should offer the comfort of a touchstone, the tactile satisfaction of a seashell, the enchantment of a crystal.”

			In 1989, only 15 percent of American households even had a computer, which didn’t fit in anyone’s pocket; zero percent were browsing the web, because it didn’t exist. And yet, there was Marc Porat, essentially sketching the iPhone.

			

			

			The project was green-lit, but with a caveat: It was too big, even for Apple.

			Early adopters were only just talking on their brick-like mobile phones. The Pocket Crystal would require not only unprecedented hardware and software, but networks that could link the world and new digital communication standards.

			In 1990, Porat and Apple CEO John Sculley agreed that Apple would invest and take a board seat, but the project would spin out as a separate company and start courting partners. For this new enterprise, the founders chose a name that evoked both the country’s most revered companies and the adage from science-fiction writer Arthur C. Clarke that “any sufficiently advanced technology is indistinguishable from magic.” Thus, General Magic was born.

			Sculley introduced the founding trio to Sony. They made their pitch, and within days Sony was on board, with a stake and a licensing deal. Next came Motorola, and then AT&T. In quick succession, the world’s telecom titans and consumer electronics giants were convinced to join what became known as “the Alliance.” Philips was next, and then Sony’s bitter rival Panasonic. Then NTT (Japan’s largest telecom), then Toshiba, then France Telecom, and on and on, each one investing millions of dollars. General Magic’s partners controlled so much of the world’s communications industry that Alliance meetings had to begin with an antitrust lawyer listing all the topics they were prohibited from discussing. It was, as General Magic’s general counsel put it, the biggest consortium of global companies that had ever existed in American business.

			The buzz, and the reputations of Atkinson and Hertzfeld, became a Silicon Valley bat signal for talent. General Magic attracted Apple veterans, like Joanna Hoffman, who ran Mac marketing; artist Susan Kare, who designed Mac’s graphics (like the trash can that would sit in the corner of millions of screens); even Sculley’s personal publicist, Jane Anderson. It also drew the young, brilliant, and ambitious from within Apple and without, some of them sleeping on the office doorstep in the hope of landing a job.

			General Magic engineers were custom-building almost everything, and innovation came fast and furious: an early form of USB; touchscreens with a virtual keyboard; “skeuomorphic” graphics that depicted their functions, like a filing cabinet, a game room, and a virtual street with a store for new applications (i.e., an app store); messages with stickers and animated characters (i.e., precursors to emojis); interactive graphics, like a pair of lips you could tap if you wanted to record your voice and send it as a message; Telescript, a new programming language that would allow devices to communicate in a virtual network for information sharing and e-commerce. Their name for that remote gathering space: the cloud.

			When two employees in their early twenties—Steve Jarrett and Tony Fadell—traveled to Japan to do a hardware demo for Mitsubishi Electric (another Alliance member), the Mitsubishi team halted the presentation. Here is how Jarrett recalled it in an interview for Valley of Genius, an oral history of Silicon Valley:

			
				Five minutes later, guys in all these multicolor factory jumpsuits show up and fill the room. And then they say, “Tony, again, please. Please describe your architecture.” So Tony gets to the part and he says, “Well, this is where there’s no modem because we’ve done it entirely in software.” The one guy grabs his head in his hand and just hits his head on the table. I said, “Is everything okay?” The guy who organized the meeting says, “You have just obsoleted Kato-san’s division.”

			

			With regular displays of brilliance, the atmosphere back in California was euphoric. General Magic was going to change the world. The work was nonstop—one programmer who slept under his desk would ask of meetings, “A.M. or P.M.?”—but the company maintained aspects of garage-startup culture. A rabbit and parrot roamed the office freely; water-fights were common; a window was accidentally broken with slime fired from a giant slingshot.

			The vision, the scope, the camaraderie, the talent, the Alliance—it was all so intoxicating that General Magic began the process of going public with no revenue, based purely on the strength of its concept. One investment banker came to visit and offered Porat the literal shirt off his back to get involved with the initial public offering. Porat accepted, and the banker stripped off his suit in the middle of General Magic’s office. In 1995, Goldman Sachs took General Magic public. On the first day of trading, the stock price doubled.

			Years later, Porat would say that one of his goals in raising so much money so quickly had been to create “heaven for engineers.” “They were free to imagine and play and invent and write,” he said. “They were inventing one thing after another, after another, after another and for an engineer, what more can you ask for?”

			The answer, it turned out: a little less freedom.

			

			

			You have never heard of General Magic (most likely) because that brief heaven for engineers did not, in fact, birth the iPhone long before its time. General Magic’s fall was even more precipitous than its rise. All of that incredible innovation never turned into a coherent device that solved anyone’s problem.

			When a product finally launched, the book-sized device running General Magic’s battery-sucking operating system was a disaster. In six months, it sold three thousand units, many of those purchased by friends and family. A year after the IPO, the stock price was down 85 percent. Ecstatic early hires were already gone, or leaving. Soon, Alliance partners started to bail, and the prescient Porat stepped down as CEO. A rocket ship that appeared fit for the information economy had instead exploded on the launchpad.

			General Magic had it all: a visionary leader at the helm of a driven team; an anything-is-possible attitude; vast resources; loads of freedom; and talent—so much talent. In addition to members of the original Mac team, General Magic alumni went on to become executives at Apple, Google, Adobe, Samsung, and other household-name companies. They designed or led Safari, the iPod, iPhone, Apple Watch, Dreamweaver, search at Google, and AI at Apple. “Magicians,” as they were known, also cofounded LinkedIn, Nest, and Android, among other companies. One young engineer was later appointed the first female chief technology officer of the United States by President Barack Obama.

			How could a company with such an obviously correct vision of the future, and an almost unbelievable roster of talent, collapse so spectacularly? An answer to that question happens to be unusually well documented, because General Magic hired a pair of in-house videographers to record their history-making effort in real time. One of those videographers, Sarah Kerruish, grew up on a tiny island in the Irish Sea and was twenty-seven when she was hired at General Magic. “I was on Mars,” she told me in 2023. “These people are wearing shorts and there are rabbits running around, and there was a ton of buzz in the Valley about them.” She met her husband there—Steve Jarrett, he of the halted Mitsubishi Electric demo.

			Two decades after the collapse, she dug up the old footage and began to turn it into a documentary. General Magic (the movie) debuted in 2018, and it is a remarkable portrait of brilliance and downfall. As Kerruish told me: “It was just too much creative freedom fueled by too much money.” Too much freedom and too much money is not an idea one hears every day, but it is what the footage and interviews show.

			For starters, General Magic custom-built everything from scratch as they pushed the limit of what was possible, on several fronts at once. One engineer likened it to hand-building a car instead of using a factory. Another said that instead of standing on the shoulders of giants, “we were building the giant from the toes all the way up to his head.” That was exciting, but also reckless.

			As it turned out, even with their prolific in-house innovations, the technology needed to realize the Pocket Crystal vision was years away. As the project dragged on, it became clear that General Magic would have to start with a less-majestic intermediate step, but nobody had a clear idea of what that should be. As Megan Smith, the magician who went on to become a Google executive and then CTO of the United States, put it: “Probably the most challenging part of the product was deciding what not to do. What to do, and what not to do.”

			With their combination of resources and talent, the team could do anything, so they often did. If an engineer had an idea they thought was cool, they went ahead, even if it was superfluous or pushed back a deadline—when deadlines existed at all. Kerruish recalled sitting late at night with a frustrated marketing executive. “She’d say, ‘Yes, we have a walking lemon [animation], but the device will keep shutting down, and the battery life is terrible,’ ” Kerruish told me. “She was actually doing a valiant job of trying to put constraints in place.”

			In a poignant moment in the film, cofounder Andy Hertzfeld reflects on a looming deadline: “I was still in creative mode, working on a flipping coin so the game room would have something in it…. I was setting a bad example for the team by doing stuff that was relatively frivolous, when we needed to concentrate on the boring but necessary parts.”

			But even the necessary parts weren’t particularly clear. The General Magic team only vaguely defined their target customer (“Joe Sixpack”), which meant they didn’t have clear user needs to help focus the project. (And Joe Sixpack, whoever he was, probably did not yet have email.) As Tony Fadell reflects in the film: “I started to understand where the cracks are starting to begin. And where we didn’t have a real message and a real clear [idea of] what we were building and what we weren’t building and for whom and how much was it gonna cost and when it was gonna ship.”

			Another telling scene features a young Darin Adler, who had already led a team that built a Mac operating system before coming to General Magic. Engineers are sitting on the floor in a circle listening to Adler as he tells them that there are “moments where somebody has to start doing something, and what we’ve decided is that for each of those important moments we want to make sure that there’s real responsibility for someone to say, ‘I’m at this important moment, start doing your work.’ ” The response, Adler recalled: “They said, ‘Oh, we don’t need a manager. We don’t want you because we don’t need a manager. Our leaders are Andy and Bill. That’s what makes this place great is we don’t have managers.’ ”

			Meanwhile, balancing the sixteen global partners in the Alliance—some of whom were anxiously waiting to manufacture devices—added enormous complexity to an already complicated endeavor. One reason General Magic went public so early was to be less financially reliant on the Alliance partners it had courted. But that just raised the stakes. The money was used to hire more engineers, and the project kept growing. At every step, it kept getting bigger when it desperately needed to get smaller. The IPO scene in the film, rather than a triumph, feels like a death knell. As Michael Stern, General Magic’s VP of business affairs and general counsel, told me: “We had too much money. We never had to worry about payroll. What startup in the world never has to worry about payroll?”

			In the end, the first device running General Magic’s operating system didn’t appear for more than four years after the company was founded and the Alliance formed. It had a unique interface—a grayscale office with a desk, calendar, and inbox, from which users could touch the screen to navigate down a virtual hallway to a library and game room, or “downtown” to a street with stores for shopping and new apps. But that appealing imagery belied the complexity of using a massive array of features that filled a two-hundred-page user manual and overburdened the hardware of the time so much that the user experience was choppy. It was much larger than an iPhone, and didn’t include a phone; it had to be plugged into a phone line to make calls or send messages. It was a mobile device in the sense that it was small enough to carry (albeit not in a pocket), but not in the sense we use today—connected on the go. It was expensive, and demand was nonexistent. It was ahead of its time but didn’t seem to solve any pressing problems for the mythical Joe Sixpack, or any other consumer. The many tantalizing innovations never cohered into a single product. And during that time when General Magic was repeatedly pushing back deadlines, the internet exploded, which rendered the notion of a proprietary cloud obsolete.

			General Magic didn’t use the technological environment around them to find useful limits, or at least an understanding of what might be possible in a given amount of time. Nor did they create their own project boundaries internally, based on a clear sense of who they were building for, and why, and when they would get it. Overflowing with resources and talent, they were bereft of helpful constraints. As the renowned venture capitalist Bill Gurley (Uber, Zillow) told me: “We have a saying in venture: ‘More startups die of indigestion than starvation.’ ”

			

			

			In the 1960s, computer scientist Fred Brooks led the development of the IBM computers that NASA used to send humans to the Moon. He later founded the computer science department at the University of North Carolina. But he is most widely remembered for his popular writing on design and project management, including what became known as Brooks’s Law, the idea that adding people to a software project that is already late will make it even more late. We underestimate how adding stuff, including team members, also adds complexity. The trouble is, absent helpful boundaries, we have a deep-seated compulsion always to add.

			Leidy Klotz, an engineering and architecture professor at the University of Virginia, has shown that humans reflexively add in order to solve problems—more people, more money, more features, etc.—even when subtracting is better. In the simplest demonstration in Klotz’s research, adults were given a Lego structure that needed to be strengthened in order to hold a masonry brick over the head of a Star Wars stormtrooper action figure. Each problem solver could earn money by completing the task, but there was a catch: Every Lego piece they added reduced
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