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“We used to think that the world exists ‘out there’ independent of us, we the observer safely hidden behind a one-foot thick slab of plate glass, not getting involved, only observing. However, we’ve concluded in the meantime that that isn’t the way the world works. In fact we have to smash the glass, reach in.”

—JOHN ARCHIBALD WHEELER
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A Note to the Reader

The book you’re about to read contains cutting-edge physics packaged in a personal memoir, which spans the last seventeen years of my life. As such, it is inevitably subject to the failures of human memory, which I always hear neuroscientists claiming to be pathetically unreliable. Nevertheless, in reconstructing scenes and dialogue, I have done my best to keep everything as accurate as possible—by consulting my own notes and photographs, talking with others who were on the scene, and, most important, asking my mother, who somehow manages to remember my life in far greater detail than I ever do. My conversations with physicists have all been transcribed directly from recordings, though edited for ease of reading and length. In some cases, I’ve combined multiple interviews with the same physicist into a single conversation. When necessary, I’ve adjusted the chronology of scenes to allow me to present the physics in a logical, meaningful way. I’ve spent seventeen years wandering a tortuous, circuitous road trying to piece together a deep understanding of physics and the nature of reality; I figured I’d try to relay what I’ve learned in a slightly more straightforward book. Of course, I could have opted for perfect accuracy, but then there’d be far too many scenes of me watching bad TV, quietly reading, or sleeping for hours on end. Plus, it would take me way more than seventeen years to write and it would take you way more than seventeen years to read, and I think by the end we’d all agree it probably wasn’t the best option. The logician Kurt Gödel proved that any form of self-reference is plagued by uncertainty, and I can’t think of a better example than a memoir. Still, I have worked to produce a book that rings deeply true. We are in search of ultimate reality, after all.

—AG


1

Crashing the Ultimate Reality Party

It’s hard to know where to begin. What even counts as a beginning? I could say my story begins in a Chinese restaurant, circa 1995, when my father asked me a question about nothing. More likely it begins circa 14 billion years ago, when the so-called universe was allegedly born, broiling and thick with existence. Then again, I’ve come to suspect that that story is only beginning right now. I realize how weird that must sound. Trust me, it gets weirder.

As for my story, it probably begins the day I lied and said I was a journalist. Not that I knew at the time that it was a beginning. There’s no way I could have known how far the whole thing would go. That I’d soon be hanging out with the world’s most brilliant physicists. That I’d turn a minor deception into an entire career. I could never have guessed that I’d be getting emails from Stephen Hawking, lunching with Nobel laureates, or stalking a man in a Panama hat. I never once imagined driving through the desert with my father to Los Alamos, or poring over fragile manuscripts in search of clues to a cosmic riddle. If I had stopped to think about it, I couldn’t have foreseen that one little lie, one impulsive decision to go somewhere I didn’t belong, would launch an all-consuming hunt for ultimate reality.

But the strangest part is that I no longer believe any of these things is the beginning. Because after everything that’s happened, after everything I’ve learned, I’ve come to see that this story begins with you. With you opening a book, hearing the soft crack of a spine, the whisper of a turning page. Don’t get me wrong—I’d love to say that this is my story. My universe. My book. But after everything I’ve been through, I’m pretty certain that it’s yours.

I was working in a magazine office when the lie was born. That was the idea, anyway—“working” in an “office.” In reality I was stuffing envelopes in the dusty one-bedroom apartment of a guy named Rick. The idea was that I worked for Manhattan magazine. The reality was that I worked for Manhattan Bride.

Manhattan covered New York’s socialite charity-event circuit, but the magazine was bordering on extinction when I first took the job, and it was laid to rest shortly after.* Rick’s newly launched glossy bridal magazine, on the other hand, was alive and well. So even though I spent most days fielding calls from florists and cake decorators, and one long afternoon scowling in an obscenely puffy wedding gown, I continued to tell people that I worked for Manhattan magazine. It sounded better.

I was there in the office, wondering if I could use the rubber-band ball to fling myself back to Brooklyn, when I spotted the article in The New York Times. John Archibald Wheeler, leading light of theoretical physics, poet laureate of existence, had just turned ninety and physicists from around the world were heading to Princeton to celebrate. “This weekend,” the article read, “the Really Big Questions that Dr. Wheeler loves will be on the table when prominent scientists gather at a conference center here in his honor for a symposium modestly titled ‘Science and Ultimate Reality.’ ”

As it happened, I was burning to ask Wheeler one particular Really Big Question. If only I were a “prominent scientist.” I slumped back in my seat and gazed absentmindedly at an old Manhattan cover hanging on the wall.

And then it hit me.

I waited until Rick left to get lunch, then picked up the phone, called the people in charge of publicity for the conference, and told them, in the most professional voice I could muster, that I was a journalist calling from Manhattan magazine and I was interested in covering the event. “Oh, of course, we would love you to come,” they said.

“Great,” I said. “Put me down plus one.”

I was utterly certain that these kind public relations people had never heard of Manhattan magazine. Most people in New York, let alone the rest of the world, had never heard of any such publication, but when I told people I worked for Manhattan magazine they always said, “Oh, of course!” Manhattan magazine is just a name that everyone thinks they know. Only they don’t. And that, I realized, was my ticket to Science and Ultimate Reality.

I was equally certain that these same PR people assumed that my “plus one” would be a fellow journalist or a photographer there to shoot pictures as I covered my big story. I picked up the phone and called my father. “Clear your schedule for this weekend. We’re going to Princeton.”

My sudden urge to crash a physics conference with my father can be traced to a conversation seven years earlier.

I was fifteen at the time, and my father had taken me out for dinner at our favorite Chinese restaurant near our home in a small suburb just west of Philadelphia. Usually we ate there with my mother and older brother, but this time it was just the two of us. I was pushing a cashew around my plate with a chopstick when he looked at me intently and asked, “How would you define nothing?”

It was a strange dinner-table question, to be sure, but not entirely out of character for my father, who, thanks to his days as an intellectual hippie Buddhist back in the sixties, was prone to posing Zen-koan-like questions.

I had discovered that side of him the day I came across his college yearbook, flipping pages only to discover a photo of my father sitting shirtless in a lotus pose reading a copy of Alan Watts’s This Is It—a hilarious sight considering that these days he was a radiologist at the University of Pennsylvania, where he not only wore a shirt every day but often sported a well-coordinated tie, too. He had made a name for himself by explaining how a whole array of lung diseases were caused by a single kind of fungus, and by inventing the disposable nipple marker—a sort of pastie that you stick on someone’s nipple when they’re getting a chest X-ray so the radiologists don’t mistake the nipple’s shadow for a tumor. But behind all the fungus and nipples, that groovy lotus-posing dude was still in there waiting for a chance to speak up. When he did, he would offer unlikely morsels of parental guidance, like, “There’s something about reality you need to know. I know it seems like there’s you and then there’s the rest of the world outside you. You feel that separation, but it’s all an illusion. Inside, outside—it’s all just one thing.”

As a dogmatically skeptical teenager, I had my own Zen-like practice of zoning out when adults offered me advice, but when it came to my father I listened—maybe because when he spoke it sounded less like an authoritarian command and more like the confession of a secret. It’s all an illusion. Now here he was speaking in that same quietly intense tone, leaning in so as not to let the other diners overhear, asking me how I’d define nothing.
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I wondered if he was asking me about nothing because he suspected I was entertaining some kind of nihilistic streak. I was a contemplative but restless kid, the kind that parents describe as “hard to handle.” In truth I think I was just bored and not cut out for the suburbs. An aspiring writer with a learner’s permit, I had read Jack Kerouac and I was itching to hit the road. To make matters worse, I had discovered philosophy. When you’re fifteen, boredom plus suburbia plus existentialism equals trouble. I couldn’t imagine Sisyphus happy, and frankly, I didn’t bother to try. Kurt Cobain had offed himself and I didn’t believe in math. I had read somewhere that between the numbers 1 and 2 there were an infinite number of numbers, and I just kept thinking, how do you ever get to 2? My mother, a math teacher, would valiantly attempt to tutor me in geometry, but I’d refuse on principle. “Sure, I’ll find that area,” I’d say, “just as soon as you explain to me how you get to 2.” She’d throw up her hands in defeat and storm off, leaving me to fail the class as a conscientious objector. It was Zeno’s angst, in retrospect, but no one told me that then.

“How would I define nothing? I guess I’d define it as the absence of something. The absence of everything. Why?”

“I’ve been thinking about it for years,” he said, “this question of how you can get something from nothing. It just seemed so impossible, but I figured we must be thinking about nothing the wrong way. And then the other day I was at the mechanic waiting for my car to be fixed and it just hit me! I finally understood it.”

“You understood nothing?”

He nodded excitedly. “I thought, what if you had a state that was infinite, unbounded, and perfectly the same everywhere?”

I shrugged. “I’m guessing it would be nothing?”

“Right! Think about it—a ‘thing’ is defined by its boundaries. By what differentiates it from something else. That’s why when you draw something, it’s enough to draw its outline. Its edges. The edges define the ‘thing.’ But if you have a completely homogeneous state with no edges, and it’s infinite so there’s nothing else to differentiate it from … it would contain no ‘things.’ It would be nothing!”

I spooned some more rice onto my plate. “Okay …”

My father continued, his excitement mounting. “Usually people think that to get to nothing, you have to remove everything. But if nothing is defined as an infinite, unbounded homogeneous state, you don’t have to remove anything to get to it—you just have to put everything into a specific configuration. Think about it this way. You take a blender to the world—you blend up every object, every chair and table and fortune cookie in this place, you blend it all until everything is just atoms and then you keep blending the atoms until any remaining structure is gone, until everything in the universe looks exactly the same, and this completely undifferentiated stuff is spread out infinitely without bound. Everything will have disappeared into sameness. Everything becomes nothing. But in some sense it’s still everything, because everything you started with is still in there. Nothing is just everything in a different configuration.”

“Okay, that’s pretty cool,” I said. “Something and nothing aren’t really opposites, they’re just different patterns of the same thing.”

“Exactly!” My father beamed. “And if that’s true, then it seems much more plausible that you can get something from nothing. Because, in a way, the something is always there. It’s like if you build a sandcastle at the beach and then knock it down—where does the castle go? The castle’s ‘thingness’ was defined by its form, by the boundaries that differentiated it from the rest of the beach. When you knock it down, the castle disappears back into the homogeneity of the beach. The castle and the beach, the something and the nothing, are just two different patterns.”

The idea was beginning to click. In my existentialist musings I had thought a bit about nothing—not the transcendent, oneness brand of nothing that my father was drawn to but the Heideggerian variety, laced with indifference and dread. A nothing that was an absence, not only of stuff but of meaning, a vast and impenetrable darkness, like the void I’d find behind my eyelids at night. It was a concept that easily gave way to vertigo, a word that was a paradox by its mere existence. By its name it was a thing, yet it was no thing, and somehow it was the very thing that defined the world. Inasmuch as anything existed, it existed in opposition to nothing, but nothing was a noun doomed to self-destruct, an idea that came complete with its own negation, poised as the limit not only of reality but of knowledge and of language. Heidegger said that the question “what is nothing?” was the most fundamental of all philosophical questions, and yet “no one,” wrote Henning Genz, “has ever given us an answer to what exactly defines nothing, other than by characterizing it simply by negatives.” Only that’s exactly what my father was trying to do. To define nothing not in terms of what it isn’t, but in terms of what it is. A state of infinite, unbounded homogeneity.

“I like it,” I told him.

He smiled.

And then this happened.

My father looked at me—his fifteen-year-old daughter—and in all seriousness asked, “Do you think that could explain how the universe began?”

I opened my mouth to speak, then paused, mouth open, searching for the right words, any words, to convey my mounting concern for his sanity. Had he gotten into the pot I had hidden under my mattress? “You’re asking me how the universe began?”

“Well, before the universe there was nothing. So to get a universe, nothing has to become something. For years I’ve been thinking they must be two different states of the same underlying thing—the same underlying reality—otherwise there’d be no way to transform one into the other. But how could nothing be a state of anything? Only now I realize that it’s a state of infinite, unbounded homogeneity. If you start from that, the problem of the origin of the universe becomes thinkable, at least. Tractable, maybe.”

I had been on board when I thought we were playing a philosophical game of semantic Jenga, but now he was bringing the universe into it?

“Isn’t this, like, physics?” I asked.

He nodded.

“I’m not even taking physics. I opted out of physics and took meteorology with the other underachievers. And I can’t even tell you how a hurricane begins because I slept through the class.”

He motioned to the waitress for the check. “Well, I think we should figure it out.”

We should figure it out. It wasn’t the kind of thing a parent says to a child. It was the kind of thing a person says to another person. I was intrigued. The whole thing sounded crazy, but crazy was infinitely better than boring. Besides, if there was one thing I knew, it was that my father was brilliant. Everyone knew my father was brilliant. He played it down with his sweet exterior and goofy sense of humor. You’d be forgiven for not seeing his brilliance right away, since he was always making wrong turns, zoning out midsentence, or, according to family legend, forgetting his pants. But just past that polite, absentminded demeanor was a bold, creative, insightful mind, and people who spoke to him for even a few minutes walked away knowing they had encountered something extraordinary. If you had to choose one guy to lead you off a cliff with his crazy idea, my father was that guy. For the first time in what felt like years, I smiled.

“Okay. How?”

He shrugged. “We’ll do a little research.”

So we began to read. If there was a book about physics or cosmology, our noses were in it. We read about the big bang, inflation, relativity, quantum theory, galaxy formation, particle physics, thermodynamics, extra dimensions, black holes, the microwave background. We discussed the ideas late into the night until my mother yelled at us to go to bed. Each piece of knowledge gained brought with it a hundred new questions, and reading became an endless scavenger hunt. We pored over enormous stacks of books in a feverish attempt to learn what was known about how the universe began, how something came from nothing. It became our own secret world.

Soon we needed to dedicate an entire room of the house just to physics books. Luckily, we had a spare—a small bedroom I had burned down in a freak accident involving a trick birthday candle. We cleaned out the ashes, painted the walls, and built shelves. The books multiplied at an exponential rate, climbing the walls up to the ceiling and eventually blanketing the floor.

My father had me convinced that the nothing before the universe was a state of infinite, unbounded homogeneity, a featureless, uniform sameness that stretched on and on for eternity. Or at least until the universe was born. Which of course begged the million-dollar question: Why would the nothing ever change? How could something defined by relentless sameness ever become different? Why would anything, like a universe, ever happen at all?

It was an infuriating dilemma. On one hand, by suggesting that something and nothing were just different configurations of the same thing, an answer to the question of how you get something from nothing seemed possible. On the other, the perfect uniformity of the homogeneous state seemed to rule out the possibility of change altogether.

The more we discussed it, the more annoyed I became at having to repeat the phrase “infinite, unbounded homogeneous state.” I tried referring to it simply as “nothing,” but the grammatical ambiguity inevitably led us into a kind of philosopher’s rendition of “Who’s on First.” “Seriously,” I told my father. “If I have to say ‘homogeneous state’ one more time, I’m going to kill myself with a physics book.”

“We’ll come up with a shorthand,” my father said. “How about just ‘H-state’?”

I considered it for a moment. “H-state. I can live with that.”

To figure out why the H-state would ever change, we needed to know why cosmologists believed the big bang happened. Exactly what kind of physical process could get a whole universe to suddenly burst into existence from nothing?

In the growing piles of books we found intriguing suggestions, but no answers. The problem was that cosmology didn’t start with nothing. It started with everything—with an expanding universe full of matter and radiation—and worked backward, running the clock 14 billion years in reverse and watching as the universe contracted, galaxies crowding closer together until the entire observable universe occupied a single point, the origin whence something relatively big presumably went bang, an infinitely hot, infinitely dense, infinitely twisted cosmic seed. A singularity.

It was tempting to think of a singularity as small, but, as my father and I quickly learned, that’s a rookie mistake. It only seems small because you picture it as a point in space, as if you’re looking at it from the outside. But the singularity has no outside. It’s not a point in space because it is space. It’s the universe, it’s everything. We’re in the point. Besides, a point isn’t small—it’s sizeless. I had learned that in geometry class, in spite of my protests. You can just as well think of a point as infinitely big. The big bang happened everywhere, I scribbled in my notebook. Even in the suburbs.

Watching cosmic evolution play out in reverse, you see everything turn into nothing at the singularity. The answer to why the H-state would change was hidden there. It was hidden well. The whole expanding universe was described by the equations of general relativity, Einstein’s theory of space and time and gravity, but the singularity was the one place where the equations couldn’t go. If general relativity provides a map of the universe, the singularity is the uncharted spot that the cartographers aren’t sure how to draw. Here be dragons.

Quantum dragons, most likely. The singularity suggested that general relativity would eventually give way to a more fundamental theory, but physicists already knew that. Einstein’s theory wasn’t compatible with quantum mechanics, the theory that describes the behavior of matter at extremely small scales. In their day-to-day lives physicists could ignore the problem by keeping the two theories separate, using general relativity to describe how big things such as planets and galaxies distort spacetime and using quantum mechanics to describe the strange dice game subatomic particles play. But at the end of the day, the separation can’t hold up. Spacetime and matter talk to each other all the time. As Wheeler put it, “Matter tells space how to curve. Space tells matter how to move.” As helpful as it may have been to pretend otherwise, the two theories described one and the same universe. Something had to give.

The singularity on the cosmic map wasn’t a thing but a message: spacetime, at least as Einstein dreamed it, can’t be reality’s bottom layer. Something lies beneath it, something more fundamental from which spacetime as we know it emerges, something that will be revealed only by a theory that unites general relativity with quantum mechanics: a theory of quantum gravity.

Need quantum gravity to understand singularities, I jotted down in my notebook. To understand nothing. It was kind of funny, I thought. You needed the theory of everything before you could have a theory of nothing.

It suddenly dawned on me that if singularities were nothing but placeholders on the map, then the big bang was nothing but a placeholder, too. It was an important theory backed by powerful evidence—but it wasn’t the whole story. It couldn’t be.

So we kept on reading. Eventually we stumbled on some articles by John Wheeler. I was instantly drawn to his writing—it wasn’t like any physics writing I had seen. It was more like poetry: intellectually daring and provocative, full of whimsical yet powerful turns of phrase. Wheeler emphasized that spacetime couldn’t be reality’s ultimate ingredient, because at its highest resolution quantum mechanics and general relativity conspire to destroy it, warping its geometry until it isn’t geometry anymore. And in a bizarre twist, he suspected that it might not be possible to understand how the big bang happened—how the nothing turned into something—without considering the role of observers. “Can one only hope some day to understand ‘genesis’ via a proper appreciation of the role of the ‘observer’?” he wrote. “Is the architecture of existence such that only through ‘observership’ does the universe have a way to come into being?” The idea sounded totally outlandish, but I knew that Wheeler was considered a genius, on par with some of the greatest physicists of all time. There had to be something to it. Still, we couldn’t get past the most obvious question: if observers are necessary ingredients for existence, where do the observers come from? I was tempted to dismiss it as a nonstarter, but the idea was so strange that I couldn’t quite let it go. Wheeler says observers play a role in the big bang, I wrote in my notebook. Find out what the hell that could possibly mean.

Eventually, going out and partying with my friends seemed less exciting than venturing through the universe with my father. On nights that I did go out, I would come home at 3:00 A.M. to find my dad still awake, reading, and we would sit at the kitchen table, snack on cereal, and talk about physics until dawn.

I was loving every minute of it—which was weird, considering I had never had much interest in science. In fact, when I really thought about it, there were only two instances in which I had ever considered science at all. The first was when I was seven years old and someone gave me a set of children’s science books. I was only interested in one of them, the volume about air. For months I carried it with me, fascinated by the idea that what looked like nothing was actually something—something intricate and vital. The second was in tenth-grade chemistry class. My teacher, Mr. McAfoos, was one of those rare high school teachers who managed to be passionate yet cool—even the most cynical of his students (namely, me) found his enthusiasm bearable. On the day he taught us about the structure of atoms he jumped up on top of his desk and did a little dance to illustrate the dynamics of electron energy levels, a twist that got a little bit softer now as the electron sank into a lazier level. But the part of the lesson that caught my attention was when he noted that more than 99 percent of the atom is just empty space. Not empty like air, which is made of atoms, but empty like nothing at all. “This desk,” he told us, grinning and pounding his fist on the wood to emphasize its deceitful solidity, “is mostly made of nothing.” For weeks I couldn’t get that out of my head. This time I was amazed by the thought that what looked like something was mostly nothing. That behind the world was another world—behind the barely visible, something more invisible still.

Something about nothing had captured my imagination—maybe because it was the least likely thing to catch one’s imagination, in the same way that “the most ordinary thing in the world” would, by definition, be extraordinary. How strange to find out that nothing had captured my dad’s imagination, too. That all those times I’d looked over to see him lost in thought, he was probably thinking deeply about nothing.

But those two episodes aside, I had never cared about science—because until my cosmic adventures with my father, I had no idea what science was. No one ever tells you. You sit down in a classroom and the teacher starts hurling facts your way and you’re supposed to memorize them and regurgitate them and you have no idea why. They present the whole thing as if it was a done deal, a list of facts that together constitute a kind of instruction manual for nature. But the instruction manual hasn’t been written yet. Einstein said, “This huge world stands before us like a great eternal riddle.” Why couldn’t any of my teachers have told me that? “Listen,” they could have said, “no one has any idea what the hell is going on. We wake up in this world and we don’t know why we’re here or how anything works. I mean, look around. Look how bizarre it all is! What the hell is all this stuff? Reality is a huge mystery, and you have a choice to make. You can run from it, you can placate yourself with fairy tales, you can just pretend everything’s normal, or you can stare that mystery in the eye and try to solve it. If you are one of the brave ones to choose the latter, welcome to science. Science is the quest to solve the eternal riddle. We haven’t done it yet, but we’ve uncovered some pretty cool clues. The purpose of this class is for you to learn what clues we’ve already got, so that you can take those and head out into the world to find more. And who knows? Maybe you’ll be the one who finally solves the riddle.” If just one of my teachers had said that, I wouldn’t have taken meteorology.

Luckily, my father had let me in on science’s secret. So while my teachers at school made me feel like just another unremarkable kid, at night I went home to a covert world in which I had been chosen for the ultimate quest, one that required intensive training, one in which nothing less than the universe itself was at stake.

“Someday, when we find the answer to the universe, we should write our own book,” my father said one night as we were scouring stacks of newly acquired cosmology books. “We’re reading all these books in search of answers, but maybe the book we’re looking for hasn’t been written yet. Maybe we need to write it.”

“A physics book?”

“You’ve always wanted to be a writer.”

“Well, yeah,” I said, “but I want to write poetry and short stories.”

“What could be more poetic than the answer to the universe?”

I couldn’t help grinning at the prospect. I wasn’t sure whether my father really believed we’d find the answer to the universe someday, but his optimism was contagious. Not long before, my whole world had been steeped in insignificance and apathy. Now every atom in the universe was a mystery, every word a clue. In the blink of an eye my father had turned my world into a treasure hunt, and now, as if that weren’t good enough, he had revealed the twist: we’d have to draw the treasure map for ourselves.

“When we write our book, I’m going to clear out every last one of these,” he said, motioning to the hundreds of books in the room with the sweep of his arm, “and replace them with ours. We’ll have a whole library just for a single book.”

The intellectual excitement I felt learning physics with my father made high school feel all the more mind-numbing by comparison. I grew so bored with the place that I racked up enough credits to graduate a year early. My big plan was to move to New York City to become a writer while continuing to hunt reality with my father on the side. I applied to the New School, enamored with their alternative liberal arts program that didn’t require students to take any math. My mother, who had adored the experience of touring sprawling green New England campuses when my brother had visited potential colleges several years before, was anxious to accompany me to New York to visit the New School. For the grand campus tour, we squeezed into a small elevator with a handful of other prospective students who sported a colorful array of dyed hair, tattoos, and piercings. The entirety of the tour consisted of four sentences flatly mumbled by our androgynous guide: “This is the first floor. This is the second floor. This is the third floor. Any questions?” My mother started to cry. I was sold.

Back at home, I didn’t bother attending graduation. Finishing high school didn’t strike me as enough of an achievement to warrant a polyester gown. Still, my parents threw a little party at our house to celebrate. In the midst of the festivities, my father pulled me aside and handed me a blue folder.

While everyone talked and laughed in the next room, I sat down on the stairs and opened the folder.


Your first years were so silent.

Waiting, waiting for the words.



I grinned. He had written a kind of Beat-style poem, a nod to my literary tastes at the time, and it chronicled my childhood: the time I learned to read, the night I ran away from home, all the books and ideas that made life seem worthwhile.


And Kerouac, and On the Road

The rhythm, the rhythm of the words

And Ginsberg and “Howl” and “Kaddish”

Chanting the rhythm

And Kesey and Burroughs, Fitzgerald and Proust

The words, the words

And Lou Reed and the Velvet Underground

The rhythm, the rhythm, rhythm and the words

And Zen and existentialism, Walden and Thoreau

The meaning, the reason, the meaning of the words

Soon New York City, the New School

The village and Washington Square

The world’s a big blank journal

Waiting for your words

Let all hear the rhythm, the rhythm of your words.



A few days after my seventeenth birthday I packed up my things and moved from suburbia to New York’s East Village. At the New School, students don’t “declare a major,” they “choose a path.” I chose two: philosophy and creative writing. I was interested in ideas: in Plato’s forms, Spinoza’s God, Wittgenstein’s things of which we cannot speak. I was interested in how one can take these ideas and weave them into story, how to use narrative to bring meaning to the universe.
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The Gefter family circa 1998: Warren, Brian, Marlene, and me Harry Bergelson

At the New School, my philosophy classes were inspiring, but my writing classes were saturated with a postmodern sociopolitical agenda that was too liberal even for me. The secular Jewish household in which I’d grown up had been ultraliberal, but we still held to some basic standards—like “facts” and “spelling.” When a professor handed one of my stories back to me with a big red circle around the word women and a note instructing me to spell it as womyn so as not to perpetuate the misogynistic patriarchy of the English language, I decided I had had enough. I transferred to the Gallatin School of Individualized Study at New York University, located just a few blocks away. When I graduated, I resigned myself to a life as a starving writer, but to keep me in snacks I took a somewhat dubious job at the little-known but fortunately named Manhattan magazine.

When the weekend of the Science and Ultimate Reality symposium rolled around, I took an early train from New York to Princeton. My father met me at the station. Together we drove to the conference center, gearing up to ask Wheeler our burning question.

We strolled confidently into the lobby. Having never been to a physics conference, I didn’t know what to expect. Still, with the all-star lineup of speakers, I had assumed there would be some kind of audience. A crowd of ordinary, subgenius people. Throngs, perhaps, of fools gaping at the physicists milling about with their danishes and coffee. But no. There were only two.

We just stood there, two dumbfounded deer caught in Mensagrade headlights. We were clearly the only outsiders in a room full of the world’s leading physicists and legit journalists qualified to cover the event.

“Journalists,” I muttered to my father. “Remember, we’re journalists.”

He nodded. He looked handsome and proper in his navy suit. Looking at him now, it occurred to me that he didn’t exactly stand out in this homogeneous sea of white, middle-aged men. Surely his most incongruous feature was the jittery twenty-one-year-old girl standing next to him, eyeing him suspiciously.

“Don’t we need some kind of badges?” he whispered.

“Badges! Yes. I’ll get the badges. You stay here.”

I knew if questioned I could stick to my Manhattan magazine story at the press table, but I had no idea how I’d explain him. This journalist? Why, yes, it is weird how he looks exactly like me. Old enough to be my father? You think?

I headed over to the check-in table, peeking at name tags as I went, finally attaching faces to what had for us become household names. I scanned the table for my badge. There it was: Amanda Gefter, Manhattan Magazine. Next to it, a blank for my plus one. As I leaned over to grab them, I accidentally bumped shoulders with the man next to me. “Sorry,” I said, glancing up. I blushed and sprinted giddily back to my father. “Oh my God!” I squealed. “I just touched Brian Greene!”

As we took our seats in the conference room we looked around in awe, jabbing each other with our elbows and whispering things like, “Holy shit! That’s Alan Guth!” and “Max Tegmark is sitting right in front of us!” We were awestruck, starstruck, dumbstruck. These people had played the lead characters in our conversations for years, and now we were sitting among them. I nudged my father and pointed. There, taking a seat in the front row, was the man whom everyone was here to celebrate: John Archibald Wheeler.

Physicist, philosopher, poet, prophet, legend. Even at ninety, Wheeler had a boyish face. Sweet-looking, with a mischievous gleam in his eye. As a younger man, Wheeler had studied quantum physics in Copenhagen under Niels Bohr, and taught the first course on general relativity at Princeton, where he strolled the tree-lined streets discussing the nature of reality with Einstein. With Bohr, he helped work out the physics of nuclear fission, and he went on to work on the development of the atomic bomb in the Manhattan Project and the hydrogen bomb after that. He coined the terms black hole and wormhole. He led countless students to profound discoveries—students including Richard Feynman, Hugh Everett, Jacob Bekenstein, and Kip Thorne. He emphasized the importance of “ideas for ideas,” fearless in the face of mystery.

Four quintessential Wheeler questions served as the inspiration for the symposium: Why the quantum? It from bit? A participatory universe? And how come existence? My father and I were sure that answering them would be key to solving the mystery.

Why the quantum? The thing about quantum mechanics was that it offered up a picture of reality that didn’t seem to jibe with the world as we know it: a picture in which effects had no causes, observers determined the observed, and everywhere you looked there were boxes full of simultaneously dead and alive cats. Then again, maybe quantum mechanics didn’t offer up any picture of reality at all. Maybe it just took the ones we had and blurred them beyond recognition. The theory allowed physicists to make extraordinarily accurate predictions, but the predictions alone provided no clues as to what the whole thing meant. Wheeler had lived through quantum theory’s founding and had been there in the thick of it as physicists such as Bohr, Feynman, Everett, and Einstein tried desperately to make sense of the bizarre facts unfolding before them. With no principles to stand on, physicists’ most successful theory just sort of hovered there, looking arbitrarily weird, a weirdness to which many surrendered, waving white flags, muttering, “Shut up and calculate.” But Wheeler refused to surrender. He knew that particles’ seemingly arbitrary behaviors had to be some kind of clue. The weirdness had to be telling us something.

It from bit was Wheeler’s slogan for the idea that the physical universe is made not of matter but of information. In quantum theory, making an observation is equivalent to asking a yes-or-no question. Is the particle here or elsewhere? Is the cat dead or alive? Wheeler suggested that the very posing of the question creates a bit of information, and that such bits were the fundamental building blocks of reality. “The universe and all that it contains (‘it’) may arise from the myriad yes-no choices of measurement (the ‘bits’),” Wheeler wrote. “Information may not be just what we learn about the world. It may be what makes the world.” It was a pretty weird idea, given our intuition that the fundamental building blocks of matter are just smaller pieces of matter, like particles. Of course, as Mr. McAfoos had taught me, particles are 99 percent empty. Still, you’d hope that this meager 1 percent would somehow be enough to fortify a world. But according to Wheeler, even the 1 percent was made of nothing sturdier than an observer-elicited yes or no. A house is made of bricks but the bricks are made of information? I wrote in my notebook. How could it be that when we look closely enough at the physical world we find something that’s not physical at all, as if this whole universe were a kind of virtual reality? Then again, what’s the difference? What could “physical” even mean?

A participatory universe? If measurements built the universe bit by bit, as Wheeler suspected, then observers were somehow implicated in the creation of reality—a radical picture that, if true, would mean that ours was a participatory universe. As the physicist Paul Davies wrote, “Wheeler seeks to … turn the conventional explanatory relationship: matter → information → observers on its head, and place observership at the base of the explanatory chain: observers → information → matter.” That was the notion that had struck a chord in my father and me—could it somehow be that observers turn nothing into something? The idea seemed impossible from the start, because where would the observers come from? What would even count as an observer? Surely it didn’t have to be conscious or human … but what?

Finally, how come existence? That was the big one. Why is there something rather than nothing? It was the question that had taunted my father for years, the one that had set our journey in motion and led us to crash this conference in search of an answer. How come existence? How come, indeed.

“I had the good fortune of having my first and only heart attack last January,” Wheeler told the captivated audience when he finally took the stage, speaking slowly and quietly, his quavering voice betraying not only his age but his urgency. “I call it good fortune because it taught me that there’s a limited amount of time left and I better concentrate on one thing: How come existence? How come the quantum? Maybe those questions sound too philosophical, but maybe philosophy is too important to be left to the philosophers.”

When the session ended, a swarm of physicists descended on Wheeler, who remained seated in the front row, smiling and nodding as one physicist after the next sat down to speak with him. We waited patiently in our seats, biding our time. Eventually our moment arrived. The crowd was thinning, so we made our way down to the front row. This was it. This was why we had come.
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John Archibald Wheeler (left) and my father (right) at the Science and Ultimate Reality Conference, 2002 A. Gefter

We bent forward, and each of us shook his hand. “I’m Warren Gefter; this is my daughter, Amanda. She’s here covering the conference for Manhattan magazine. We’re so thrilled to meet you,” my father said. Wheeler nodded, but it appeared as if he couldn’t hear and was too polite to say so. My father leaned in closer and spoke louder. “We have a question we’ve always wanted to ask you,” he said, over-enunciating every word. “If observers create reality, where do the observers come from?”

Wheeler smiled. “From physics. From the universe. I like to say”—he paused, trying to find the words—“that the universe is a self-excited circuit.”

My father nodded appreciatively, then pensively. “So it’s all from nothing?”

Again Wheeler appeared not to hear, so my father asked once more, louder still. “So it’s all from nothing?”

Wheeler nodded and spoke slowly. “There is a principle that says the boundary of a boundary is zero.”

Just then some physicists turned to speak with him, so we thanked him, told him what an honor it was, smiled, and walked away.

The meeting had let out for the day, so we decided to head outside and wander around Princeton. The crisp springtime air seemed electric. Walking down the street, manically chattering about the people we had seen and the ideas we had heard, we felt we were now a part of something, even if we hadn’t been invited.

“We spoke to Wheeler!” my father said, looking dazed and grinning in disbelief.

“Hell, yeah, we did!” We slapped a high five.

We found our way to Mercer Street, the quiet road where Einstein had lived during his years in Princeton, where he and Wheeler had walked, discussing the great cosmic mysteries. It suddenly struck me as really amusing that Einstein had lived in New Jersey. New Jersey? It’s like spotting Shakespeare eating a burger at Wendy’s, or finding out that Plato wasn’t really Greek but Canadian.

We found Einstein’s former house—112 Mercer—and stood side by side in front of it, gazing ahead. We stood in awe, but the house stood in modesty. It was quaint and unassuming, painted small-town, ironic, anonymous white. But it was undergoing some sort of renovation and the front steps were cordoned off by yellow tape, like a murder scene.

My father pointed to the tape. “Maybe that guy he was always dropping off the roof in his thought experiments finally met his doom.”

I knew that Einstein had specifically asked Princeton to keep the home as an ordinary residence rather than turning it into some kind of landmark or museum. “This house will never become a place of pilgrimage where the pilgrims come to worship the bones of the saint,” he had said. But I didn’t feel too bad. With all that yellow tape, we could barely worship the front porch. Besides, the pathologist who did Einstein’s autopsy had stolen his brain. Compared to that, standing in reverence on his front lawn hardly seemed like a violation.
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Trespassing at Einstein’s Princeton home W. Gefter

My father had once shown me an old beat-up hardback book of Einstein’s essays on relativity that his father had given to him when he was just a kid. He told me how he tried to read it when he was only ten or eleven years old, how he would pretend to understand it. He kept the book on a shelf in his bedroom throughout his childhood; he would stare at it, flip through its pages, and wish he could untangle its meaning because he was sure it held the promise of some shining truth. Now, staring at the house, the March sun glistening off the white paint, I felt as if I had stepped out of my own head and into something vastly larger than myself. I looked at my father and had the sense that he was at last on the path he had always privately desired to tread. And me? I just wanted to follow.

We watched the house intently, as if Einstein were going to come strolling out the front door at any minute, sticking out his tongue and yelling at us to get the hell off his lawn.

Is that house really made of information? I wondered. Is that information made by me? By us? Is anything what it seems? Is any of this real?

I knew that the world around me had to be more than it seemed. Physics clearly bolstered that view—after all, a table was mostly empty space, and if you zoomed in on the empty space, it dissolved into something else, something unknown. Look closely enough at anything, and everything we know seems to fall away, leaving behind … what? Some basic ingredient of reality? Something as intangible as information? I didn’t need science to tell me that appearances were deceiving—I knew it in my bones. I had known it since the day my father told me it was all an illusion. I knew it because without it, I wasn’t going to make it. I couldn’t bear the notion that reality stopped at wedding cakes and rubber-band balls and suburban homes. If the world in front of my eyes was the be-all and end-all of existence, I thought, then count me out. I needed mystery. I needed to know that there was more to the story.

I suspected my father needed that, too. Though he would never admit it, it was becoming increasingly obvious to me that his quiet, professional, suburban life wasn’t cutting it. His inner rebel—that shirtless hippie sitting lotus-style and meditating on the nature of self and existence, the one who had been silenced by career pressures and the arbitrary demands of adulthood—was looking for a chance to emerge, and he glimpsed that chance in physics. And in me.

We sat down on the sidewalk in front of the house.

“A self-excited circuit …,” I mumbled.

My father nodded. “The boundary of a boundary is zero.… ”

“Who is he, Yoda?” I asked. “The man speaks in riddles. What do you think it means?”

My father smiled. “I have no freakin’ idea.”

So there we were, in Princeton, New Jersey, in a vast and expanding universe, exhilarated, trespassing, half real, realizing that what once had been a hobby had now become a mission.

We sat for a few moments steeped in the heavy silence. Then a car pulled up, and we ran.




* Since then, a new Manhattan Magazine has come into existence, but it has nothing to do with Rick.




2

The Perfect Alibi

When I returned to New York, I had an epiphany.

I was staring up at the Science and Ultimate Reality press pass that hung on the wall above my computer as a souvenir of the conference and, with “Manhattan Magazine” printed proudly beneath my name, as a kind of inside joke. The badge contained an image of a pixilated sphere with a 0 or a 1 marked in each pixel. I was pretty sure it was one of Wheeler’s drawings—but what did it mean? I quickly sketched it in my notebook with a reminder to myself to find out.

It was amazing how powerful that thing was. A piece of laminated paper on a string could give you access to ultimate reality’s inner circle? It was like the golden ticket to cosmology’s chocolate factory—find one and you win the chance to attend every lecture, talk with every physicist, even enjoy the lunches and banquets.

If we wanted to crash the ultimate reality party in the hopes of finding some answers, a press pass was clearly the way to do it. Still, I was pretty sure that my little scam wasn’t going to cut it for long. Eventually someone was bound to look up Manhattan magazine and realize that it had nothing whatsoever to do with physics and that the magazine’s ontological status was … well, anyone peering inside that box was going to find a dead cat.

If only there was some other way to get press passes.

A cartoon lightbulb lit up overhead.

I called my father. “I’m going to be a journalist.”

“Okay …”

“Think about it! If we want to figure out the nature of reality, we need access to the best physicists around, the cutting-edge data, the meetings, the journals, everything. And if you’re press, it’s all yours! When we have a question about cosmology, we won’t have to dig through twenty books to find the answer; we’ll just ask a cosmologist! It’s the perfect alibi!”

“That’s a great idea,” he said. “Maybe you could get some kind of internship. Or do you have to get a degree first?”

“No, no,” I said, “you’re missing my point. I’m going to become a journalist today.”

“Sorry, what?”

“Yeah, I’m going to call Scientific American and ask if I can write something for them about the symposium. Then we’ll be golden.”

“Listen,” he said, “I don’t want to burst your bubble, and I think you could make a great journalist someday, but you can’t just call Scientific American.”
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Our golden tickets to the ultimate reality party W. Gefter

“Oh, yeah?” I said. “Watch me.”

I knew I sounded a little nuts. After all, I hadn’t gone to journalism school. Hell, I had never taken a physics class. But who cares, I thought. I would just have to learn on the job. Besides, I didn’t need a degree and an internship and job experience—that would be like going to culinary school just to open a restaurant as a mob front. I wasn’t trying to win a Pulitzer; I was just trying to scam some press passes.

I hung up the phone and dialed the number for Scientific American’s news editor. Voicemail. When I heard the beep, I cleared my throat and tried my best to muster up a voice that would sound like that of a professional colleague, not a twenty-one-year-old girl. “Oh, hey, Phil, this is Amanda Gefter over here at Manhattan magazine, I’m just calling because I attended yesterday’s symposium down at Princeton in honor of John Wheeler, and I wanted to check in with you to see if you need any coverage of it. We don’t really run science stories here at Manhattan, but physics is sort of a side hobby of mine. Anyway, there was some good stuff, so feel free to give me a call.”

I left my number and hung up the phone. If we were going to do this, we were going to do it right, and that meant starting at the top.

Phil from Scientific American called back the next day. “We had one of our editors at the symposium,” he told me, “so we’ve pretty much got it covered. But if you come up with some interesting angle, email me.”

Interesting angle? I could do that. I sat down and looked over my notes from the meeting. Trying to pitch an article about any one talk wasn’t going to work—anyone who had been at the symposium could do that. Of course Wheeler’s strange message—the universe is a self-excited circuit, the boundary of a boundary is zero—was an angle, but I had no idea what the hell it meant. I’d have to find something else for now.

That’s when I noticed a theme. Throughout the symposium, there had been a giant elephant in the room: the anthropic principle.

The anthropic principle invoked our own existence to account for certain features of the universe—its size, its physical constants, the existence of stars and galaxies. Had those features been even slightly different, we wouldn’t be here to wonder about them. At its worst, the anthropic principle was an empty tautology: we exist, therefore the universe is the kind of place that allows us to exist. At its best, it offered a way for physicists to explain why many cosmic features have such extraordinarily unlikely values—unlikely, but perfectly ripe for life.

I sat down at my computer and composed an email to Phil suggesting a small news item entitled, “Physicists Can’t Avoid the A-Word.” At the Science and Ultimate Reality conference, I wrote, physicist Andy Albrecht began his presentation by assuring the audience, “I’m not going to use the A-word.”

Anthropic had become a four-letter word because it veered uncomfortably close to religion, I explained—as if the universe, somehow, were built just for us. That is, unless our universe isn’t the only one. It’s like the Earth. Our homey planet is positioned at the perfect distance from the Sun to host liquid water; any closer and the water would turn to gas, any farther and it would freeze. If the Earth were the only planet—a lone rock adrift in the solar system—its water-bearing position would seem awfully miraculous. But with seven other planets wandering around out there, it’s hardly a miracle that we find ourselves on the one that’s suitable for life—we’re here because it’s the only place we can be. The same kind of anthropic selection bias can explain the life-bearing features of the universe, all for the low, low price of a few trillion extra universes. Not that it’s the kind of explanation anyone wants. Physicists want to explain the universe through logical and mathematical necessity. They want the world to be the way it is because that’s the only way a world could be. But according to the anthropic principle, anything goes.

Still, everyone’s efforts to avoid the A-word seemed a little odd, given the occasion. After all, I wrote, it was Wheeler who famously described the universe as “participatory,” and once asked, “On what else can a comprehensible universe be built but the demand for comprehensibility?” Wheeler didn’t believe that the universe was designed for us, nor that ours was a small island in a vast multiverse. He believed that the universe was right for observers because, somehow, observers create the universe.

I noted that the $10,000 prize for the Young Researchers Competition in Physics was awarded at the conference to Fotini Markopoulou, a loop quantum gravity researcher at the Perimeter Institute for Theoretical Physics in Canada. In her winning paper she argued that cosmology must describe the universe as seen by observers who are stuck inside it. In the end, it seems, the more we pursue the deepest mysteries of the cosmos, I wrote, the closer we come to ourselves.

I clicked “Send.”

Phil emailed back right away. He explained that Scientific American had a similar piece in the works about the anthropic principle, but they were interested in Fotini Markopoulou. “What do you know about loop quantum gravity?” he asked.

What did I know about loop quantum gravity? Approximately … nothing. I called my father and read him the email.

“Oh, well,” he said. “You tried.”

“Tried?” I said. “This isn’t over. This is our one shot!”

“Okay, but—”

“We have one night to learn loop quantum gravity.”

“You’re joking,” he said. “Why one night?”

“If I don’t write back tomorrow, it will seem like I took the time to look this stuff up. It has to look like I know it off the top of my head. We don’t have much time—start reading and call me back in a few hours!”

I absorbed what I was reading as best I could. Loop quantum gravity was an attempt to unify general relativity and quantum mechanics—the seemingly correct yet mutually exclusive pillars of modern physics. Such unification is the key to the origin of the universe, that placeholder on the map where nothing turns into something, where the H-state becomes the world. Need quantum gravity to understand singularities, I had written in my notebook. To understand nothing. Loop quantum gravity’s approach was to zoom in on space, peering down to nature’s smallest scale to see what dragons lurk there.

That nature even has a smallest scale was pretty hard to grasp. I couldn’t wrap my mind around the notion that if I were to zoom in on some modest stretch of space, magnifying it and peering into increasingly smaller depths, I would eventually reach a place further from me in scale than the entire observable universe—and yet, somehow, right here on the tip of my finger. A universe larger than the universe, sitting in the palm of my hand. Only you can’t keep zooming forever. At a millionth of a billionth of a billionth of a billionth of a centimeter, you hit the bottom of reality. Sorry, folks, you’ve reached the end—the teeny-tiny edge of the universe.

Space ends there, at the so-called Planck scale, because that’s where quantum mechanics and general relativity join forces to bend spacetime until it breaks. The sheer density of gravity produces a sea of black holes, which Wheeler dubbed “spacetime foam.”

It was a counterintuitive notion—usually when you’re dealing with small things, gravity is negligible. Gravity acts on mass, and you need a lot of it before you notice its pull. Even at the human scale, gravity is pretty insignificant. A refrigerator magnet can overpower the gravitational force of the entire planet just to lift a paper clip. At the scale of protons and electrons, gravity barely exists at all.

But keep zooming in and, strangely, things start to turn around. The laws of quantum mechanics contain a loophole that allows large fluctuations of energy to burst forth from the vacuum, provided they don’t stick around too long. At increasingly shorter time scales, energy blinks in and out of existence in the form of fleeting, or “virtual,” particles. The more localized the virtual particle, the greater its momentum, and the greater its momentum, the larger its energy. Thanks to E = mc2, more energy means more mass. So as you look at smaller and smaller distances, virtual particles grow increasingly massive until, at the Planck scale, gravity grows as powerful as the other forces. An energy in its own right, gravity’s crescendo generates a runaway feedback disaster of the same variety that can collapse a 1032-pound star into a black hole. At distances smaller than the Planck scale, gravitational feedback turns pathological. The universe turns on itself, cannibalizes. The fabric of reality bursts at the seams. Before melds into after, here conquers there, distance and duration give way to confusion and chaos, space and time dissolve and disappear. Equations sizzle and spark, mathematics falls apart into nothingness. In short, everything goes to hell. It’s the end of the world.

Loop quantum gravity is a model of space at the Planck scale, just before gravity rips it to pieces. Lee Smolin, another Perimeter Institute physicist and a founder of the theory, had realized that the situation would stabilize if space, like matter, has a kind of atomic structure. That way, when you zoom in on a region of space—smaller, smaller, smaller still—you eventually hit a roadblock: a chunk of space that can’t be further divided, a spatial “atom” that’s as small as small gets. As long as space’s atoms are no smaller than the Planck scale, Smolin said, gravity would remain in check. Its energy could only grow so large; its destruction could only wreak so much havoc.

As I paged through Smolin’s book on the subject, one section caught my attention. The universe, he wrote, has to be considered a closed system. “It is true that the universe is as beautiful as it is intricately structured. But it cannot have been made by anything that exists outside it, for by definition the universe is all there is, and there can be nothing outside it. And, by definition, neither can there have been anything before the universe that caused it, for if anything existed it must have been part of the universe. So the first principle of cosmology must be ‘There is nothing outside the universe.’ ” I couldn’t help thinking that the same principle would have to apply to my father’s H-state, since nothing, by definition, was infinite and unbounded. It had no outside.

My father gave up reading around 4:00 A.M., but I made it through the night and in the morning wrote the best email I could manage on no sleep, offering a breezy, off-the-cuff explanation of loop quantum gravity.

But something was nagging me. At the Wheeler symposium, Markopoulou’s talk had been about more than atomic geometry—it had been about the meaning of observers in a quantum universe. “A physical cosmological theory must refer to observers inside the universe,” she had said, echoing Smolin’s first principle. Rather than a single description of the universe from the outside, the best we can get is a vast array of partial internal views. Quantum gravity, she said, ought to be a set of rules for translating between them. Markopoulou’s internal cosmology, built of observers’ limited perspectives, reminded me of Wheeler’s suspicion that observers play some part in the creation of the universe. Did her loop quantum world have something to do with Wheeler’s self-excited circuit? I knew if I could get the Scientific American article, I’d have my chance to find out.

I was sitting at my computer at Manhattan Bride when the email from Phil popped up in my in-box. I glanced over my shoulder and made sure Rick was engrossed in the layouts he was fiddling with on his computer screen before opening it: Hi, Amanda. Thanks for this. Would you be interested in writing a profile of Fotini Markopoulou?

I called my father, huddling over the phone, my hand covering my mouth so Rick couldn’t hear. “I’m writing for Scientific American,” I whispered. “We’re in.”

I made a plan to meet Fotini Markopoulou a few months later when she would be visiting New York. The following morning, I walked into the office and quit.

“It’s not personal,” I told Rick. “It’s just that I want to write about physics.”

“Maybe I could find a way for you to do that here,” he said.

I blinked. “For a bridal magazine?”

An hour later I was back on the subway headed for Brooklyn. As the train made its way downtown toward Wall Street, it dawned on me that quitting my job might have been impulsive. One article was not going to pay the bills, and neither was my quest for ultimate reality, no matter how impassioned. But by the time we hit the East River, I was sure I had made the right call. In my bones I knew that this was the start of something big. That there was a leap to be taken, that adventures would ensue. That if we were going to do
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