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About This Book

Alternative Worlds is the memoir of Eleanor Anne Maxwell, born in Falls Church, Virginia, on November 14, 1947, written in the spring of 2247 from the porch of a stone house at the edge of the Salt-Plain Reach on the northern continent of Hareven, in the Alderamin star system, forty-nine light-years from where she started.

She is, at the time of writing, nearly three hundred years old in chronological count and one hundred and twenty-four in biological count. She presents — by her own elective and according to her own instructions to the Lonai geneticists who printed her current body — as a beautiful young woman in her late twenties, with the long-limbed classical proportions and golden hair she had wanted that made her twenty again; she had her choice of bodies, and that is what she chose to have.

She had spent over 124 years in one body, retired in 2072 on the morning she joined the early experimental cohort that crossed into substrate. She has lived through 125 years of substrate residence at the Helios Institute on earth, and 49 years in broadcast transit to Hareven. She has lived through the gravity-propulsion and zero-point-energy breakthrough of October seventeenth, 2096, that opened the rest of the galaxy to her species; the opening of substrate-Lonai cultural diplomacy in 2099; one extremely long marriage with Walter Hoffman that ended amicably in 2160; one second love, with a fractal-native consciousness named Tomas, that began in The Petal in 2170 and ended, in the same place, in 2192; and the spread of human civilization, across her substrate centuries, from one solar system to two hundred and three.

Ultimately, she had broadcast her own consciousness pattern from earth to Hareven, a planet 49 light years away, the fourth planet in the system, circling a Blue-White star called Alderamin. She did so on the ninth of November, 2197, at the request of her Lonai friend Henrik, at the speed of light, across forty-nine light-years and forty-nine objective years. She was resumed, in the Lonai-engineered biological body the geneticists had spent six weeks preparing, on the morning of the eleventh of January, 2247, with a subjective gap of zero between her last hour on Earth and her first hour on Hareven. She has decided, at last, to set the whole thing down.

The book is a companion volume to Alderamin IV and shares the same universe, the same broad chronology, and several of the same characters. Alderamin IV tells the story from above — the Marsh family, the Standing Council, the architecture of contact between two civilizations.

This second book in the series, Alternative Worlds, tells a new story from below, and from the inside. It is the story of what a particular working-class American woman did with the technologies that were not designed for her and that she got anyway, and of what those technologies did with her in return.

A note on the voice. Eleanor narrates in the first person throughout. Henrik — the senior Lonai cultural officer who hosted Eleanor in the years following her arrival on Hareven, and who was the first-person narrator of Alderamin IV — appears here as a character, not as the chronicler.

People who have read Alderamin IV will recognize Eleanor as someone who somehow was lucky enough to have the right genes and get the right bridge one LEV therapies early enough in life, so that she later managed to be one of the first humans to live long enough to live forever as described in Ray Kurzweil’s and Terry Grossman’s Fantastic Voyage: Live Long Enough to Live Forever and as described in my own book Singularity Roadmap 2026-2116 — A Ninety Year Forecast.





Prologue — The Porch

May 2247, the porch

"Hareven. Love the place."

I am happy. I have been happy for two months, since the morning in early March of 2247 when I woke up in this body on this planet and recognized, before language could catch up to it, that I had finally arrived at the place I had been moving toward, in some part of myself, for centuries.

I am happy with Henrik. Henrik is the Lonai cultural officer who came to my substrate-rendered porch in March of 2099 with a small wooden box and an offer I laughed at.

He has, by the standard of two species and two centuries, been my friend for many years — the first four substrate-side at Helios, where his forked consciousness lived alongside mine while his biology was working with Daniel and Amara on what Alderamin IV calls the breakthrough, and then many years across the forty-nine light-years that separated us after his retrieval ship left Earth orbit, and now, finally, however many years the porch on Hareven turns out to have. He is the reason I am here.

I am happy with Saela. Saela is Henrik's sister, who lives in the next wing of this stone house and who has, since I arrived, become the Lonai I check in with first in the mornings. Saela cooks the Lonai dishes I now consider standard household food. Saela has, in the two months I have been here, become the second person on this planet whose company I cannot now imagine going without.

I will get to Tomas in due course — the eighteen years of pattern-only love that came before, and the four years of biological-architecture love that came after.

I am happy with the salt plain. I am happy with the wine. I am happy with the way the light moves across the floor of this porch in the late afternoon. I am, after centuries of moving from one rented life to the next, finally home.

I said it to Henrik last Tuesday on the porch of his stone house at the edge of the Salt-Plain Reach. He had been pouring me a second glass of the pale wine they make from a fruit that does not exist on Earth. He asked, in the third sister-language: was I enjoying my stay?

I said it. Hareven. Love the place. Sideways, casual, the way the Lonai have taught me to handle anything important.

He laughed. Henrik's laugh is three-toned, deliberate, alien. It took me a year of living near him to stop flinching.

I still flinch sometimes. He is, after all, what I would have called an alien before I became one.

It's three days later now. Same porch. Same wine.

Saela is in the chair next to me with her eyes half-lidded against the late light. The Lonai eye narrows differently from the human eye, and the half-lidding is not sleep but the closer-attention posture, and I have learned, across these months, to read it as the Lonai equivalent of sitting up straighter. She is paying attention.

She is not interrupting. She is, in her own way, reading along.

I am thinking the book at the substrate-archival channel Henrik's house keeps open for guests. Claude Extreme renders my thoughts into prose as I think them. Claude has been doing this for me since 2072.

He renders well. He renders, after many years of practice, in something close to my own voice.

He will read this when he reads it. He will reply when he replies. I am writing this for him to find.

The light at this hour comes in across the salt plain in a color my biological eyes never saw. I see it through Lonai eyes — printed for me four months ago at a clinic in Tehrri-Vassal, by geneticists who smiled while they worked. Lonai smiles are not human dentist smiles. I am still learning to read them.

The honest answer to Henrik's question — was I enjoying my stay — is yes.

The honest answer to a question he did not ask, but that I could hear forming inside the one he did ask, is harder. Was the life that brought you here a good one?

Yes and no.

It was not very good at first. It got better.

I am many years old in chronological count, and one hundred and twenty-four in biological count, and the Lonai body the geneticists printed me presents as a beautiful young woman in her late twenties — long-limbed, golden-haired, the body I had at twenty before biology started taking it back, except this time the body knows how to stay. The presentation is a vanity. I am clear about that.

I have decided to permit it to myself for the same reasons everyone else who has come this far permits whatever they permit: because I can, and because there is no one left I am pretending for, and because the body biology gave me at twenty is the body I would have chosen if I had been allowed to choose at the time, and the substrate eventually gave me the choosing. The presentation does not match the inside. The inside is centuries old, give or take.

The inside takes its time getting up from a chair, even when the body it gets up from is a twenty-eight-year-old body, because three centuries of doing anything teaches you not to hurry. The slowness is the part that took the longest to earn.

I am, at last, in possession of the time and the equipment to set the whole thing down. Henrik has offered me his porch and his patience and the substrate-archival channel his house keeps open for guests. I have the salt plain to look at when the rendering pauses.

I have all afternoon. I have, if I want it, the rest of my existence.

I am going to start at the beginning. I am going to tell it the way it happened, as best I can reconstruct it after centuries of retrieval errors and three substrate-side memory consolidations and one full neural restoration following the dimensional-crash episode of 2117, which I will tell you about much later. I am going to tell it in segments of about twenty years, because that is the rhythm at which a long life actually divides into chapters when you are looking back at it from the far end.

The first twenty years were the townhouse on Williamsburg Boulevard. The next twenty were the universities. The twenty after that were the years I taught.

The twenty after that were the years the work I taught stopped being needed. The twenty after that were the worst and the best, and I will need most of a chapter to explain how those two things were the same. And so on, until you reach the porch.

Henrik is inside, putting the wine away. A Lonai-printed German shepherd is asleep at my feet, in the slow snuffling way of a dog I adopted last year, on a rug that is the same shade of dark red as the rugs the German shepherds before him slept on across centuries. The wine is cold.

The salt plain is the color it is. I am ready.

❖ ❖ ❖





Chapter 1 — The Townhouse

I have been trying, for three days now, to figure out how to start this chapter honestly. The honest version is harder than the sanitized version. The sanitized version: the bookcases my father built, the books my mother bought at yard sales, the teacher who gave me Feynman, the small house full of books that produced an unlikely mathematician.

That version is not false. It is just incomplete.

The complete version is this. The townhouse on Williamsburg Boulevard was, for the first eighteen years of my life, also the place where my father drank. Quietly.

Reliably. Two beers most evenings, three on Fridays, four when he had been dreaming about the Pacific the night before. He was never violent.

He was never cruel. He was, from the moment he sat down in his chair after dinner until the moment my mother said Stash, come to bed, gone. His body was in the chair.

He was somewhere else. I have spent two centuries trying to figure out where.

I think now he was on Iwo Jima. I think he was on Iwo Jima from 1945 until he died of a heart attack in the kitchen of that townhouse in 1989, and I think the beer was the rope he had figured out to lower himself back to the chair on Williamsburg Boulevard each night so that he could be there in the morning to drive me to school.

He never spoke about the war. My mother never asked. I never asked either, because I had figured out by the age of seven that asking made him quieter than not asking, and I would rather have the partial father than no father at all.

The partial father was the father of the bookcases. The partial father drove me to school every morning of every school year for thirteen years and kissed me on the forehead and said learn something and meant it, and that was as much of him as I got. He saved the rest of himself for the chair.

The complete version of my mother is harder. She was not absent the way my father was. She was present, in the kitchen and in the laundry and in the hallway and in the hours after school, and her presence was the weather of the house.

The weather had bad days. The weather had good days. The weather did not, on any day I can remember, come from outside the house — there was no work she went to, no friend she met for coffee, no cause she belonged to.

She had given up the job at Walter Reed when I was born, on my father's quiet preference, and she had spent the next forty-three years inside the four walls of that townhouse with the radio on. She was about twenty-six years old when the cards came down. She was a woman who had read more books by the age of thirty than most professors had read by the age of sixty, and she had nowhere to put any of it.

I figured this out around the time I turned eleven. I did not have words for it. What I had was the sense that my mother was angry at me in a way she could not say out loud, and that the anger was not about anything I had done, and that no version of me — quiet, helpful, brilliant, dimmed-down, ordinary — was going to make the anger go away.

I tried all of them. The dimmed-down version lasted longest. From age eleven to age fifteen I deliberately got worse at school, and my mother liked me better for it, and I hated her for liking me better, and I hated myself for choosing to be liked over being myself, and the four years of sitting in the back of classrooms not raising my hand are years I cannot, even now, summon any pleasure from.

I came out of the dimming in the fall of my sophomore year of high school, when Mr. Bremmer the algebra teacher told me to please stop finishing his quizzes in eight minutes, and I thought — I remember the exact thought — finishing in eight minutes is what I am. I started raising my hand again the next week. My mother noticed. The temperature in the kitchen dropped six degrees and stayed there for two years.

I told myself I did not care. I cared.

❖ ❖ ❖

The bullying. I have to tell you about the bullying.

I skipped third grade. The Williamsburg Elementary School principal, a man named Donald Renfrew who I am told retired in 1971 and died in 2003 at the age of ninety-one, called my parents into his office in May and recommended that I move directly into fifth grade in the fall, on the grounds that I had read every book in the third-grade classroom by November and was beginning to disrupt instruction by finishing assignments before they were given. My father, who did not understand what skipping a grade meant socially, said yes.

My mother, who did, said yes anyway, because saying no to the principal would have required her to articulate a reason and the reason — my daughter is going to be miserable — would have been an admission that she had a daughter who could be made miserable by the wrong choice. I was seven.

I had no opinion. I trusted my parents.

I was wrong to trust them. The fifth grade I walked into in September contained twenty-six children who had been together since kindergarten and who had, between them, an organism's-immune-system reaction to outsiders. I was small.

I was visibly younger. I was visibly smarter. I was the only girl in the class without a buddy from fourth grade.

The girls' decision about me was made within the first week and was final by the end of the first month, and the decision was that I did not exist. They did not bully me, in the active sense. They simply organized themselves around the principle that I was not in the room.

I sat at lunch alone for the rest of fifth grade. I sat at lunch alone for sixth grade. I sat at lunch alone for seventh grade.

I sat at lunch alone, with one specific exception I will tell you about in a moment, for eighth grade. I sat at lunch alone for ninth grade. I sat at lunch alone for the first half of tenth grade.

I learned to bring a book. I learned to read with my left hand on the book and my right hand on the sandwich and to not look up. I learned, by approximately age ten, that the cafeteria was a room I had to survive forty minutes a day in, and I built the survival habits — the book, the corner table, the not-looking-up — that I would, in slightly different form, use for forty more years.

The exception was Tracy Ferguson.

Tracy was the most popular girl in eighth grade. In April, for reasons that did not become clear until much later, Tracy invited me to a sleepover at her house on a Saturday night.

I had never been to a sleepover.

My mother helped me pack. She was, on the afternoon I packed, more present and more warm than I had seen her in two years. She braided my hair.

She told me to be polite to Tracy's mother. She told me to bring a hostess gift.

She gave me a small jar of homemade strawberry preserves from her own kitchen, wrapped in a square of yellow gingham tied with twine. I carried the jar in my overnight bag like it was a fragile bird.

I rode my bicycle to Tracy's house, two miles, in the late afternoon. I rang the doorbell at six o'clock. Tracy's mother answered the door.

"Eleanor, sweetheart," she said. "I'm so sorry. Tracy is at the movies with the other girls. Didn't she tell you?"

"No, ma'am," I said.

"Oh my god."

"It's all right, ma'am."

"Honey, come inside, let me — "

"I'll wait outside, ma'am. Thank you."

I sat on the porch of Tracy's house with my overnight bag and my jar of strawberry preserves for two hours and forty minutes, in the dark, while my brain replayed the previous week and assembled, in real time, the model of human cruelty that would govern my expectations for many years.

I had been invited so that I could be stood up.

The point of the invitation had been the standing-up. The point of the standing-up had been the cafeteria on Monday, where Tracy and her seven friends would, together, watch me walk in and not say anything and let me see them not saying anything, and let me see them seeing me see it.

I understood the architecture of the cruelty completely by the time my father arrived in the pickup truck at eight-forty. He did not ask why I was sitting on the porch of a house whose owners were now closing their curtains because the woman inside could not bear to look at me through the window. He drove me home.

He did not say anything in the truck. He kissed me on the forehead in the driveway, the same kiss he gave me every morning before school, and he said learn something, and he meant it.

I went inside. My mother was at the kitchen sink with her back to me. She did not turn around.

She had figured out, in the four hours since I had left, what was going to happen. She had figured it out and she had not stopped me, because stopping me would have required her to say out loud the thing she had been seeing about me and the world for months, and saying it out loud was harder for her than letting me find out for myself.

I forgave her for that one too. I forgave her for it later than I forgave her for the cards. I forgave her for it in 2089, in a kitchen that was not hers, in a universe that was not mine.

I gave the strawberry preserves to my brother Ray the next morning. He ate them on toast for the next six weeks and never asked where they had come from.

I went to school on Monday. Tracy and her seven friends watched me walk into the cafeteria and did not say anything and let me see them seeing me see it, exactly the way I had predicted in the dark on Tracy's porch. I sat at my corner table with my book and my sandwich.

I did not cry. I had cried on the porch on Saturday night and I had decided, at approximately ten o'clock that night, that I was not going to cry again about anything those girls did for the rest of my life, and I held to it. I held to it through the rest of eighth grade and through ninth grade and through the long sequence of small, careful, reliably escalating cruelties that constituted my social life until the day I left for William & Mary in August.

I held to it past the day I left for William & Mary. I have, as best I can reconstruct, never cried about Tracy Ferguson again.

I have cried about a great many other things. Tracy Ferguson is not on the list.

I’ll tell you about Tracy Ferguson's later life.

I want to tell you what happened to Tracy Ferguson, because the universe occasionally does this thing where it provides closure of a kind a younger version of you would not have imagined was available, and I do not want to deprive you of it. Tracy Ferguson married a stockbroker in 1972, divorced him in 1979, married a different stockbroker in 1983, was widowed in 2004, lost most of her savings in the 2008 financial crisis, moved into a two-bedroom apartment in Reston in 2011, was diagnosed with early-onset Alzheimer's in 2018, and was placed in a memory-care facility in 2024. I know this because in May of 2024 the facility's administrator — a woman named Beatriz Martinez, whom I had met once briefly at a faculty fundraiser — emailed me to say that Tracy had been asking, on her clearer days, for a Eleanor Maxwell, and did I happen to be the one.

I said I was. I went to see her. I sat with her for an hour and a half on a Tuesday afternoon in a sunny common room overlooking a parking lot.

She did not know who I was. She did not remember the sleepover. She remembered, vaguely, that we had gone to school together.

She told me I had pretty hair, and asked me if I had any children. I said no. She said she was sorry.

I told her not to be. We watched the television together for the rest of the visit. There was a cooking show on.

The woman on the cooking show was making strawberry preserves. Tracy watched her and said that looks delicious. I did not say anything.

I did not say anything in the car on the drive home, either, because there was no one in the car to say anything to. I sat with what had happened. I drove the eleven miles back to my apartment.

I made dinner for the dog and for me. I went to bed.

I am telling you this story now because the substrate, when I eventually got there, gave me something biology had never given me, which was the capacity to choose what to feel about a memory. I do not mean that I could erase the memory of Tracy Ferguson's porch. I mean that I could, when I encountered the memory, choose how it landed in my body.

The biological version of me, for most of my biological life, had carried that memory as a small permanent contraction in the muscles of the upper back, on the right side, the side I had been turned toward the door for two and a half hours waiting for someone to come back who was never going to. The contraction had its own life. It tightened in cafeterias.

It tightened at parties. It tightened at faculty receptions for forty years. The substrate dissolved it on the second day of my recovery, on protocol day two, when the recovery-suite technician asked me, in passing, if there was any musculature I would like to release that the rendering pipeline could simply not include in my new body.

I told her about the right upper back. She nodded. She typed something.

The contraction was gone. The memory was not gone. The memory was, that afternoon and ever afterward, just a memory — an artifact, a chapter, a thing that had happened to a girl long ago and no longer had a tenant in the body where I was now living.

That is what the substrate did for me with Tracy Ferguson. That is what the substrate did with most of what biology had built in me across a century and a quarter. I am getting ahead of myself.

I will tell you about the substrate when I get to chapter seven. I am telling you now that the porch was real, and the contraction was real, and the contraction lived in my body for many years, and one afternoon a woman I had known for two days asked me a question and the contraction was gone.

That is the comparison I keep coming back to. That is the comparison this book is about.

❖ ❖ ❖

The other thing biology gave me through those years, and gave me at considerable interest for many decades, was a body I did not understand and could not reliably operate.

I started having what I would later learn were panic attacks at the age of twelve. They came at night. I would wake up in the dark of the small back bedroom I shared with no one, with my heart pounding in a way that felt like the beginning of dying, with sweat soaking through my pajamas, with a band of pressure around my chest, and the conviction that I was about to find out what was on the other side of being alive.

The first one lasted nine minutes. I timed it on the alarm clock by the bed. The second one, two weeks later, lasted seventeen minutes.

They came once or twice a month for the rest of my adolescence. I did not tell my mother. I did not tell my father.

I did not tell my brothers. I did not tell anyone, because by the third or fourth one I had figured out that they were probably not going to kill me — I kept not dying — and that telling anyone would just confuse the situation. I learned to ride them out.

I learned to get out of bed and walk to the kitchen and sit at the kitchen table in the dark with a glass of water and wait for the band around my chest to release. I learned that the band always released. I did not learn, until decades later, that there was a name for what was happening, and that there were medicines for it, and that the medicines would have given me back the eight or nine nights a month I lost from twelve to forty.

Let me stop to tell you about my body in the more conventional sense.

I should also tell you about my body in the more conventional sense.

I was a late developer. The other girls in my class hit puberty at eleven and twelve and were, by thirteen, already living in bodies that the boys had begun looking at. I hit puberty at fourteen.

For the two years between thirteen and fifteen I was a five-foot-eight gangly creature with no shape whatsoever, and the popular girls had a name for me — they called me the broom — and even Ray, who loved me, occasionally used it without thinking. The name stayed in my head as the picture of my own body for the rest of my biological life.

I was told I was beautiful, eventually, by people I was eventually willing to believe. The first one was Ezra Greenfeld, in the spring.

The context was not at all sexual. He told me, in an aside in a conversation about graduate programs, that I should keep in mind that the world was occasionally going to react to my face and not to my mathematics, and that I should know in advance how I planned to handle that.

I asked him what he meant.

"You do not see yourself, Eleanor, the way other people see you."

"What do other people see?"

"They see what they see."

He did not elaborate.

I went back to my dormitory and looked in the mirror for ten minutes. I did not see anything I had not seen before. I went to graduate school in the fall convinced Ezra had been mistaken.

I would, across the next forty years, slowly figure out that he had not been. I never figured out how to feel about it. I never figured out how to use it.

The body that had been the broom at thirteen had become, by twenty, something other people responded to in ways I did not know how to interpret. The gap between what I saw and what they saw was a gap I lived inside for many years and did not learn how to close until the substrate, where I got, for the first time in my life, to choose what my body looked like.

I chose, much later, after some experimentation, the body I had had at twenty — five-foot-eight, long-limbed, golden-haired, the body the boys had finally noticed and the body I had not, at twenty, known how to live inside. The substrate let me have that body and live inside it. The Lonai geneticists, when they printed me for Hareven, used the same configuration.

I have lived in that body, in various substrate-side and Lonai-printed versions of it, for many years now. I am, at last, comfortable in my own skin. The skin is not the one biology gave me.

The skin is the one I was waiting for. I have made my peace with the difference.

Let me continue with my story...

❖ ❖ ❖

I should tell you about Ray.

Ray Maxwell was my younger brother. He was born on March eighth, and he was, from the moment my mother brought him home from Sibley Memorial Hospital and put him down in the bassinet next to my crib, the person on Earth most like me. The likeness was not visible in the first three years.

Ray was a quiet baby, then a quiet toddler, then a quiet child. He did not speak in single words. He did not speak for a long time at all, and my mother had begun, by the spring, to consult specialists about whether something was wrong, and the specialists had told her the way specialists told mothers, which was to wait.

She waited. Ray spoke for the first time on the morning of his fourth birthday. He looked at the cake my mother had set down in front of him.

He said, in a complete sentence: that has five candles. My mother counted the candles. There were, in fact, five candles — my mother had used the box from Ray's previous birthday and had not noticed she was overcounting by one.

Ray had counted them. Ray had counted them while she was setting them down.

Ray, it turned out as the years to come made clear, had been counting things since approximately the day he came home from the hospital. He had simply not seen any reason to mention it.

Ray was two and a half years younger than I was. By the time I was twelve and starting to figure out the broom and the panic attacks, Ray was nine and starting to figure out the calculus textbook on the third shelf of my father's bookcase. He was the only person in the townhouse on Williamsburg Boulevard who knew that I had panic attacks at night, because he and I shared a thin wall and he could hear me get up to the kitchen and he had, on three separate occasions, come down in his pajamas with a glass of water and sat across from me at the kitchen table without saying anything until the band around my chest released.

He never told my mother. He never told my father. He never told anyone.

He sat with me and we did not talk and he went back to bed when I went back to bed, and the next morning at breakfast he behaved as though the kitchen had not contained either of us at three in the morning. Ray, then and for the rest of his life, was a person who knew a great deal more than he said and who said only the things he could see a use for. I have never had a closer companion of the mind than Ray.

I had, in Walter, who I will tell you more about later, another close companion of the heart. The two are different positions. Ray held the first one alone for many years.

Let me tell you more about my brother Ray.

He would, much later, write some books that readers of my story would appreciate reading. He went to Carnegie Mellon for mathematics in 1968. He took his doctorate at Princeton in 1976.

He spent many years on faculty at Stanford and the years after that on an open endowed chair he held until the autumn of 2015, when the breakdown happened. He wrote, across that span, ninety-three peer-reviewed papers in number theory and six books for general readers about the future of intelligence — books that were dismissed as science fiction in 1985 and 1992 and 2003 and that turned out, by 2030, to have been conservative.

His breakdown, when it came, was in an ordinary grocery store on University Avenue in Palo Alto on the afternoon of October eleventh, 2015. Ray was about sixty-five. He had been, by my best later reconstruction, experiencing a slowly worsening mental illness for approximately six months. This day was the breaking point. His brain just stopped buffering the decompensation. He was, as it happens, in the cereal aisle at the time. He took off all of his clothes.

He folded them in a neat pile next to a display of breakfast cereal. He walked, naked, to the front of the store, climbed onto the conveyor belt of the third register, and began singing — at full volume, in the voice of a man who had, until that morning, been the most therapeutically continent person in the Bay Area — a series of rap songs whose lyrics he had apparently absorbed without comment from a graduate student's car radio across the previous decade and whose content was, at minimum, racially and sexually graphic enough that the store manager filed an incident report and a customer who happened to be a Stanford trustee filed another. Ray did not resist when the police arrived.

Ray did not speak when the on-call psychiatrist evaluated him at the local hospital that night. Ray was committed by court order on the morning of October fifteenth, 2015, to a long-term psychiatric facility called Bellview, in northern California, on a hold that escalated to a conservatorship within ninety days. He stayed there for many years.

He stayed there because the antipsychotics did not work on him, the cognitive-behavioral protocols did not work on him, the electroconvulsive therapy did not work on him, and the standard pharmacology of the late 2010s and 2020s had no working answer for whatever Ray's brain had become on the afternoon of October eleventh. He stayed there because his cognitive function, while preserved enough that he could solve problems on a notepad in his room and request specific mathematical journals from the library, was nowhere near ordered enough to permit independent living, or speech, or interaction with other patients, or the kind of formal evaluation that would have allowed a court to release him.

He stayed there because the field of psychiatry, across those years, did not have a tool that worked. The field developed the tool in 2036.

Daniel and I pulled the strings together. Daniel — who by 2036 was the senior human partner of the most powerful AI on Earth — and I, who had been Ray's only family for many years by then, spent six months across the spring and summer of that year negotiating with the conservatorship court, with Bellview, with Stanford (which still technically held Ray's faculty status in absentia), and with the FDA, and we got Ray transferred to the Marsh Lab on the morning of September twelfth, 2036, on a research-protocol basis, to participate in the early Longevity Escape Velocity (LEV) experiments. Claude Extreme had been running at frontier capacity for two years by then and had been quietly developing what Daniel was calling the cognitive-stabilization course — a personalized, neurochemically calibrated, Claude-guided intervention that did, in a six-day course in January, what many years of standard psychiatric care had not done.

Ray came back. He came back the way a person comes back from a long absence — slowly, with his old vocabulary and his old gait but a new awareness of the size of the absence — and he spent the rest of 2036 and most of 2037 reconstructing the forty thousand mathematical problems he had carried in his head while he was gone. The books are why Daniel had agreed, when I asked him in the spring of 2036, to extend the rescue to my brother on the same basis Daniel had extended the lab's research access to Walter and me — because I would like, this once, to be the person who decides who gets it, and your brother is on my list.

Ray accepted. Ray received the LEV protocol in November of 2036, the Brain-Computer Interface (BCI) in March of 2042 alongside Walter and me, and the second-bridge nanobot regimen across the next two decades. He chose substrate transition voluntarily, alongside Walter and me, on August seventeenth, 2072, at the age of a hundred and twenty-two, in a clean scheduled procedure at the Helios Institute's Building Twelve.

He had decided across the previous spring that he wanted to be in the substrate while the substrate was still small enough that he could meet everyone in it, and that he did not want to wait for biology to make the decision for him. He came across cleanly. He has been working from his substrate office on the third floor of the Helios virtual campus, ever since.

Ray is in substrate now. Ray is, as I think this paragraph, sitting in his own substrate office on the floor of the Helios virtual campus, working on a problem in the topology of fractal-mode entry that he has been working on since 2103. Ray took to the substrate the way he had taken to LEV — methodically, without commentary, and faster than the chart had predicted.

He has been substrate-resident now for many years. He sent a message into the channel about ninety seconds ago.

Let me continue with my story...

❖ ❖ ❖

Let me tell you about my teachers.

The teachers got me out. I want to give them their due before I close this chapter, because I owe them the rest of my life, and I have been bad about saying so.

Mrs. Kowalski in the sixth grade, who saw what was happening to me and changed nothing about it but wrote me a sentence at the end of the year — Eleanor solves problems the way other children eat candy — that I carried in my pocket for many years.

Mr. Bremmer in the ninth grade, who told me to stop finishing his quizzes in eight minutes, by which he meant I have noticed you and I do not know how to help you and I am asking you to stop hurting yourself with the finishing, which I did not understand at the time and did not understand for many years afterward.

Mr. Simmons in the eleventh grade, who handed me three volumes of Feynman's Lectures on Physics and said read these and come back on Thursday, and who met with me on Thursdays for the rest of the year, and who wrote me a letter to be opened on the day of his death which I have read once a year ever since, and which I have already told you about and will not repeat.

Ezra Greenfeld at William & Mary, who told me I was going to be a mathematician and that the world was going to try to talk me out of it, and who I went to graduate school because of, and who died in 1972 of complications from a stroke without my having properly thanked him.

These four people are the reason I did not become the woman the four walls of the townhouse on Williamsburg Boulevard, plus the cafeteria of Williamsburg Elementary, plus the porch of Tracy Ferguson's house, would otherwise have produced. I would have become, without them, a quiet woman with a clerical job and a book in her purse and a panic attack every other night. I would have been fine.

I would have been miserable. I would not be writing this from a porch on Hareven. The teachers got me out.

The teachers always get someone out. The names of the teachers who get a particular someone out vary, but the teachers do not vary, and I would like, in the broader sweep of this book, for that fact to receive its proper weight.

❖ ❖ ❖

I want to tell you about the bomb.

It was October thirtieth, a Monday. I came home from school.

My father was watching the news. Cronkite's voice, then footage. The Soviets had detonated something on an island called Novaya Zemlya.

The mushroom cloud was forty miles tall. The shockwave traveled around the planet three times before it stopped.

The bomb was a hydrogen bomb. Not a fission bomb. I want to be clear about this because the difference mattered, and I figured it out that night, and the figuring out was the moment I stopped being a child.

Hiroshima had been fission — uranium splitting. This bomb was fusion — hydrogen merging into helium, the same reaction the sun runs on, and the Soviets had figured out how to make it run for a quarter of a second over a Russian island. The fission part was just the trigger.

The fission part was what set the fusion off. The fusion part was where the yield came from. Fifty megatons.

Three thousand Hiroshimas in one device. The Times the next morning said the Soviets had built it at one hundred megatons originally and had dialed it back to fifty for the test, because at one hundred the fallout would have killed everybody downwind for a thousand miles.

I sat on the kitchen floor next to the radio that night and did the arithmetic. Three thousand Hiroshimas. Hiroshima had killed approximately a hundred and forty thousand people in a city of three hundred and fifty thousand.

Three thousand Hiroshimas was, on the available metric, the population of about half the major cities on Earth. The Soviets had built a single device that, if dropped on the right place, could end approximately a third of human life. They had built it because they could.

They had tested it because they wanted the United States to know they had built it. The United States, I learned that week from the magazine articles my father brought home, had been working on something similar.

Ray came into the kitchen sometime late. He sat down on the floor next to me.

He did not ask why I was on the floor. He had been listening to the same news.

Ray and I sat on the linoleum for an hour.

"Ellie," he said, eventually. "This is a thing now."

"I know it is."

"We are going to live our entire lives with this thing."

"I know."

"I do not know what to do about it."

"Me neither."

We did not figure anything out. We sat on the floor.

I have remembered the arithmetic for many years. I have done it again from scratch, in substrate, on approximately four hundred occasions, every time the news of a new technology has crossed my attention with the same shape — the shape of a thing that could end us, that we built because we could, that we tested because we wanted somebody to know we had built it. The shape recurs.

I have, since I sat on that floor, sat on a great many other floors. I have done the arithmetic on a great many other shapes. The shape that mattered most, after the bomb, was the shape of artificial intelligence — and I will tell you about that one when we get to the parking lot in 2003.

I want you to know now that the bomb was where it started for me. The bomb was the first technology I understood would outlive its inventors. The bomb was the first technology I was afraid of.

The bomb is the reason I went into mathematics. I wanted to be on the side of the people who knew what the numbers meant.

❖ ❖ ❖

Let me tell you about my best friend as a teenager, Sally Meadows.

Sally Meadows arrived at Williamsburg High School on the first Monday of February, 1963, two and a half years after Tracy Ferguson's porch and four months into my eleventh-grade year. Her family had moved to Falls Church from Charleston, South Carolina, the previous weekend, on account of her father's transfer to a procurement job at the Pentagon.

Sally was about fifteen, the same age I was. She had not been told about the seven-girls-versus-Eleanor protocol that had governed the cafeteria of Williamsburg Elementary and Williamsburg High since 1955.

She walked into the cafeteria on her first day with a tray and a paper bag containing the lunch her mother had packed her that morning, and she scanned the room, and she walked to the back corner, and she sat down across from me at my corner table without asking.

"I'm Sally," she said. "I'm new."

"I'm Eleanor."

"I know. The girl in homeroom told me to stay away from you."

"Which one?"

"The one with the red hair."

"That's Tracy Ferguson."

"What did you do to her?"

"I exist."

Sally laughed for the first time.

"That's stupid," she said. Then, a beat later: "Can I sit here every day?"

"Yes."

She did. We sat there together, every school day, for the next two and a half years, through the rest of eleventh grade and the entire twelfth grade, joined at the hip in the way teenage girls who have decided about each other in the first ninety seconds of meeting are joined.

I have never been able to fully explain, in three centuries of trying, what Sally Meadows did to my life by walking to the back corner of that cafeteria on the first Monday of February, 1963, and sitting down. She was the second relief, after the leaving, that I did not get the substrate version of for many more years. She was the first person in my biological life who chose me without a reason, and stayed.

Sally went to Madison College — what is now James Madison University — the same August I went to William & Mary. We wrote to each other every week for four years. We saw each other on holidays.

We attended each other's mothers' funerals in 1996 and 2002, respectively. Sally married a man named Richard Carlton in 1971, divorced him in 1986, never remarried. She taught fifth grade for thirty-seven years at a public school in Vienna, Virginia, eight miles from my townhouse.

We had dinner once a month. We talked on the phone every Wednesday. She retired in 2014.

She moved to a small house in Front Royal in 2018, two hours from me, and we drove to see each other on alternating Sundays for nine more years. She died in her sleep, of natural causes, on the night of March twenty-third, 2028 — three weeks after I arrived in Palo Alto with the dog and the duffel bag, and ten and a half years before LEV would become available. A friend at the Marsh Lab took the call from Sally's nephew that morning, and told me about it when I got back from work.

I sat down at her kitchen table. I did not cry, immediately, because the news did not feel real. The news did not feel real for a week.

The week the news felt real was the week I understood that the technologies that were going to keep me alive past ninety had not arrived in time for Sally, and would not arrive in time for most of the people I had loved, and that the substrate, when I eventually got there, was going to be a place I would have to live in without the people who had defined the first eighty years of my biological life. Sally is the central absence of my substrate residence. The substrate has given me almost everything biology took.

It has not given me Sally back. There is no plane on which Sally Meadows lived past 2036, because the divergence point would have had to be later than her own biology, and her own biology was the divergence point. I have visited the planes for sixty years and I have not found her.

I have looked. I have stopped looking.

I have made my peace with the looking and the stopping. Sally is the person this book is dedicated to, and you will find her name on the dedication page, where I have put it in case I do not find a way to put it anywhere else.

Let me continue with my story...

❖ ❖ ❖

Walter was, in the years this chapter covers, a boy in Cleveland.

He was born January eighth, 1945, two years and ten months before me, the only child of a steelworker named Albert Hoffman and a homemaker named Mary née Kowalski. The Hoffmans lived on a narrow brick street in the Slavic Village neighborhood. Walter spent his elementary-school years building things in his father's basement workshop and fixing the radios of every neighbor on the block.

I left for William & Mary on a Saturday morning in August in my father's pickup truck. My mother stood in the driveway and waved. I waved back.

I did not, in the moment, understand that I was leaving the townhouse for good — I would come home for summers, for holidays, for the rest of my parents' lives — but I understood that I was leaving the townhouse as a place I had to live. The leaving was the first relief I had felt in eighteen years. The relief was not the substrate.

The substrate was, on that August morning, more than a century in the future and, for the eighteen-year-old in the pickup truck, not even a category of thing she would have known how to imagine. The relief was a foretaste, the smallest possible installment, of what I would not get the full version of until 2072. But it was real.

The pickup truck pulled out of the driveway. The townhouse grew smaller in the side mirror. My father said, after about three miles, the only thing he ever said to me about my mother.

He said: she does not know what to do with you, Ellie, and she never has. Don't take it personal. I said: I won't. I lied.

I had been taking it personal for a decade. I would take it personal for several more.

I will tell you about the universities next.

❖ ❖ ❖
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