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PREFACE


EVERYTHING MY PARENTS TAUGHT ME ABOUT LOGIC




“


I want to go on.


 The hour is late.


I want to go on.


 The night is dark.


I want to go on.


 The road is dangerous.


I want to go on…


”


—Carlo Collodi,
 The Adventures of Pinocchio





My father passed away while I was working on this book, and while clearing out the attic of his house in Gettysburg, Pennsylvania, I discovered a thick paperback titled The Basic Writings of Bertrand Russell. I was already deep into research on Russell, one of the main subjects of The Great Math War, so I kept the book, set it aside, and promptly forgot it. I did not find it again until more than a year later, when it resurfaced by chance while I was writing about Russell’s theory of types (described in Chapter 5, “All Cretans Are Liars”).


Finally flipping the book open, I was floored to find a personal note from my mom addressed to my dad, “JB,” on the inside cover. She had apparently given him the book when they were both in college, two years before I was born. He was a musician, a math major, an aspiring philosopher, and a college football star. She was a journalism major and student activist. Her inscription inside the book was curious: To my intellectual better! / Love, Lucy / 1968.


What does that mean, and what did she mean by it? There were lots of ways to read her words, none of them completely satisfying. Was it a straightforward compliment? An inside joke between young lovers? Was she being ironic? Sarcastic? Were there missing air quotes? My mother was, and is, whip-smart and fiercely proud. She is a strong feminist. She’s not given to casual bow-to-the-male-ego prostration. Of course I asked her about the book, some fifty-five years after she had purchased it as a gift, but she couldn’t recall ever buying it or giving it to him—much less what she meant by the inscription.


I was born a little more than a year after my mom wrote the inscription, in early 1970, and 125 hours later, Russell died. He was ninety-eight years old when he passed, and I was five days. My neonatal condition was strangely parallel to Russell’s own physical circumstances at birth a century before. He was 8 lb., 11 oz., and 21 inches long. “Not 1 child in 30 is as big & fat,” his doctor declared in 1872 upon seeing the newborn. I was cut to almost exactly the same proportion: 8 lb., 5 oz., and 20.75 inches long. So fat, my mom says, that my facial features were scrunched and my toes looked like “little bunches of carrots.”


When I started this project some fifty years later, I discussed Russell at length with my dad a few months before he died. He was shocked by what I told him. He knew the Bertrand Russell of the 1960s. Russell was an old man then, a living legend, an old-school philosopher who made headlines protesting nuclear arms and the Vietnam War. He accused American leaders of war crimes (once claiming, in fact, that President John F. Kennedy was worse than Hitler). He advocated for free love long before it became a popular trend in the Age of Aquarius of the 1960s. Russell had called for temporary, childless, “trial” marriages since the 1920s. Premarital sex would improve university life both intellectually and morally. The “musty Moloch” of traditions, laws, and moral beliefs that stood in the way should be dismissed. “Nothing is gained by continuing to pay lip service” to such beliefs, he said.


Russell faced a lot of blowback for his cultural views. In 1940, after he became a professor at City College in New York, an Episcopalian bishop in the city accused him of conducting a propaganda war against religion. One New York State Supreme Court justice condemned Russell, ruling him unfit to teach. The New York County registrar called for him to be tarred and feathered during World War II. But he was undeterred and would soon win the Nobel Prize despite his controversial, unconservative views. My father, always appreciative of the brash, radical, and outspoken, loved Russell for his outlandishness.
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“I wanted to name you Bertrand Russell,” my father told me on Father’s Day, a few months into the COVID-19 pandemic in 2020. I was working on my book proposal at the time, and this was one of the last conversations we ever had. He had been serious, he said, discussing this possibility with my mom several times while she was pregnant with me in 1969.


My father had just started graduate school in Ohio then. Vietnam protests were in full swing, and like so many in their generation, my parents were a part of the antiwar movement. My father had stirred controversy on his undergrad campus some months before by writing an antiwar editorial as editor-in-chief of his college paper. A number of students on campus objected to his essay and organized a protest calling for him to step down. My dad defied the call and attended his own protest. He stood in the back of the room. People noticed him. Whispering. Buzzing. Pointing. Jeering. One speaker at the podium addressed him directly. “Will you step down?” he asked. “No,” my father shouted back across the cafeteria, “I won’t.” 


Russell was a rock star in my dad’s eyes for his own trailblazing righteous obstinacy. He made antiwar crusading cool during World War I, long before war protests were popular—in fact, when they were grossly unpopular. Plus, he was a mathematical philosopher given to espousing free love and ethics, both squarely in my dad’s corner. But my father’s love of Russell went deeper than admiration from afar. In Bertrand, he saw JB—himself. His adult life was, like Russell’s, governed by an endless search for knowledge, a love of all wisdom, and a long, endless search for human connection. My father, like Russell, raged with “unbearable pity for the suffering of mankind,” to borrow Russell’s words. It’s no wonder my dad wanted to make me his hero’s namesake.


But my father was floored after I told him what Russell had been like more than a century earlier. My book was covering the young Russell of 1900, not the old-man activist Russell my dad loved in the 1960s. The Russell he knew was pro–free love and antiwar—the so-called Pablo Picasso of modern philosophy. The twenty-something Russell I knew was a different breed, groomed in aristocracy, weaned on a diet of rah-rah imperialism, just starting out as a green, unknown junior professor, and subscribing to an outlook of every-part-of-the-world-should-be-governed-by-some-European-power and great-empires-do-more-good-than-small-ones. People change, and nothing reveals that more than politics.


Not that it would have mattered, since my mom put her foot down. Bertrand Russell Bardi. Bertie Bardi? “No, no, no!” she said in 1970 after giving birth to me. That wouldn’t do. “We’ll give him a regular name,” she insisted, “a normal name.”


My father tried several times to push the Bertie brand, but he finally gave it up. He hatched a new plan instead, pushing to name me Plato Aristotle Bardi. “No, no, no,” my mom objected again. Finally, they struck a compromise. I would get the middle name Socrates upon my birth—given the name of the father of philosophy to appease a father who was a philosopher. (Oh, the Places You’ll Know!)
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Someone asked me once what this book was about, and I said it was about history, math, love, warfare, and infinity. Wow, they said. That’s quite a mix. What ties all those ideas together? And my answer was, simply: Lies. This is a book about lies—not really the lies we tell other people so much as the ones we tell ourselves. My subject is the foundations of things. Buildings and houses have foundations. By sheer coincidence, as I was drafting this book, the house next door was sold and demolished. I watched as they put planks in place, laid rebar inside, and poured concrete over it to lay new foundations. 


This was the right way to lay a foundation, presumably. There are lots of wrong ways as well—though maybe not so much for modern buildings, which must adhere to strict codes. Many other things have foundations, however—love, war, peace, friendships, the future of humanity, the security of democracy, and innovative intellectual ideas. All complex relationships and conceptual constructs have their foundations, and it’s a fallacy to think those foundations are always solid. Some relationships are built atop reinforced concrete, solid and truthful. Others stand on loose sand. Some intellectual ideas rest on bedrock. Others on dirt.


What we talk about when we talk about the foundations of anything is danger. Loose sand. Lies. Faultiness. You never think about the foundations of anything when they seem rock solid. You don’t concern yourself at all with a building’s foundation unless you see cracks. Hear creaking. Feel shakes or vibrations. Fear the ground moving beneath you. And then, when you sense imminent collapse, that’s when you think hard about how to fix the problem. That’s basically what happened in mathematics at the dawn of the twentieth century. Cracks appeared in the foundations of math, the whole subject shook, and everyone grew worried.
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Mathematics is special among human endeavors in that it gives the ability to transform shifting-sand supposition into rock-solid proof. Thus, when those cracks in the foundations of math appeared, they were seen as fundamentally threatening to mathematics and its position as the Queen of the Sciences. So at the dawn of the twentieth century, when several mathematicians set out to fix math’s foundational flaws, there was a great deal of hope initially. These efforts to solve the foundational flaws evolved into three camps: logicism, formalism, and intuitionism. Predictably, the coexistence of those competing worldviews led to a nasty fight, which I call the Great Math War.


How did these sides differ?


In the years leading up to World War I, Bertrand Russell and his collaborator Alfred North Whitehead set to work trying to fill the yawning hole in the foundations of math with logic—advancing the approach known as logicism. They succeeded somewhat and won renown for their incredibly rich and complex three-volume book Principia Mathematica, which is considered a triumph in mathematical philosophy to this day. But it failed to fix the flaws in the foundations of math, and everybody knew it. Their work ended prior to World War I, and during the war years of 1914–1918, much of the research in the European mathematical community ground to a halt. Then, in the years after the war, two other competing worldviews came into view.


Formalism was pioneered by the German mathematician David Hilbert, who developed a grand scheme to turn math into a sort of game where mathematical objects are the playing pieces and axioms are the formal rules of play that determine outcomes. His vision was large and sweeping, basically a plan to fix the foundations of math by gamifying it.


Prior to Hilbert, when people thought about math, they thought about the so-called privileged objects of math—things like numbers, lines, and geometric shapes—the stuff of external reality. They had obvious, unambiguous, and objective meaning—not just as part of math but also synonymous with our understanding of the subject. Hilbert was not trying to remove that privilege. Instead, he wished to ignore it. His vision was to divorce mathematics from reality and treat mathematical objects as “meaningless marks on the page.” That would allow mathematicians to focus on the rules for deducing mathematical truth and solve problems abstractly. It was powerful. Penetrating. And with it there was nothing that could not be solved, he thought. That was formalism.


Intuitionism was developed as an alternative worldview by the Dutch mathematician L. E. J. Brouwer. Forget meaningless marks on the page, Brouwer said. His idea was to develop a “constructivist” approach to math in which a mathematical object is like a flowchart construction of the human mind rather than an abstraction penned on paper. He saw a mathematical object more as a becoming than as a being, to put it in purely mystical terms. It was a new and original way of approaching math, one that seemed to Brouwer and a few others to be rich and righteous. He derided Hilbert’s work as “empty” formalism, and he absolutely refused to admit that anything in mathematics was true or even existed unless it could be explicitly constructed mentally. Those differences put Brouwer in conflict with Hilbert. Once friends, they grew to bitterly detest the other’s work—and eventually each other.


The Great Math War unfolds before, during, and after World War I, covering a fifty-five-year span from 1883 to 1938. There’s one striking parallel between the fight over the foundations of math and the orders-of-magnitude-more-awful horrors of World War I: Both were motivated by perceived fundamental flaws, believed foundational cracks, supposed existential threats, competing worldviews, and all the lies we tell ourselves. The fight for supremacy in World War I was thought to be a necessary evil to settle things geopolitically, and the same sorts of motives are behind the Great Math War and its attempt to resolve foundational flaws mathematically.


This book is also about faultiness in general: all the imperfection, incapacity, inefficiency, ineptitude, insufficiency, paucity, shortcoming, weakness, and ineffectiveness we perceive in the world—and all the kind and destructive things we try to do to fix those faults. This is a story of cruel war, bright hope, forgotten pasts, and exaggerated futures. Of success and failure. Of trial by fire. Of bitter-cold comforts. Of ambition. Bravery. True love. Endless heartbreak. Loathsome gossip. Enduring friendship. Peace. Pettiness. Horror. And human justice.
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How often in the last few months, while finishing this book, did I wish I could have shared it with my father. That hippie. Philosopher. Musician. Radical. Lover of wisdom. He would have loved it. I was happy to share a draft with my mom. And just before I did, I discovered the source of her inscription in that paperback copy of The Basic Writings of Bertrand Russell. It’s an apparent reference to something Russell said to his most famous student, Ludwig Wittgenstein, in 1912. He was scolding Wittgenstein for his presumptuousness—though exactly what my mother meant in repeating the line to my father, I will never know.















CHAPTER ONE


1900: THE JUDGMENT OF PARIS




“


My name is Ozymandias, King of Kings;


Look on my Works, ye Mighty, and despair!


Nothing beside remains. Round the decay


Of that colossal Wreck, boundless and bare


The lone and level sands stretch far away.


”


—Percy Bysshe Shelley
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The Judgment of Paris, an engraving by M. A. Raimondi after a sixteenth-century Raphael. Cropped from a public domain image via Wellcome Collection.








It’s a hot day in Paris that late-summer morning in 1900 when they arrive. The city is already full. Restaurants have lines out the door. Hotels are booked. The streets are packed. Something’s happening, and the crowds know it. They feel it. They yearn to gnaw and taste it.


The air is humid, filled with awful scents. It’s bad air. Hot, banging air. Those malarial humors of superstition and legend. A forgotten stink. Some oppressive stank. Sweaty crowds in August. That off-putting old-man smell of Paris before the war: baked baguette and BO. It burns the nose, swells the lungs, phlegms its way back up, and hacks its way out.


There’s a sweet perfume to the city that summer as well—an imagined scent, perhaps, but unmistakable—a thin patchouli whiff of hope. People know this smell. They’ve been breathing it in a lot. Some aromas are hard to recall but impossible to mistake, like fresh-cut grass. That, my friend, is what the future smells like: the fresh-cut grass of perfumed hope! That’s why most of the people in the city are here. They’ve come from far and wide to breathe it in. They’ve given up country cottages, emptied outlying villages, and abandoned their summer gardens to the weeds. Everybody’s in Paris on this hot, glorious, crowded, stink-of-a-city day. They love it. And why not? What a day it is.


Here is a breezy hotel courtyard packed with small tables and tall waiters. Fancy Paris—the Ritz. Cut fruit. Jellied birds. Shucked oysters. Auguste Escoffier himself, the so-called king of modern French chefs, is newly installed as chef de cuisine. He fled London’s Savoy under a cloud of scandal—but no need to mention that. Nearby is another café, beloved but harder to find. Deep in the seedy underbelly of old Paris. Dark and lovely, that place. Near the dance halls and hookers, it is a dim spot where night turns to day turns to night and where Henri de Toulouse-Lautrec sits drawing furiously. The present is the past.


Also nearby is the half-finished Byzantine basilica—Sacré Coeur. It is haunted in 1900 by a teenage Pablo Picasso. He is about to hit his blue phase. What a time it is for art! Back in Picasso’s Barcelona, the visionary architect Antoni Gaudí is throwing up curved masterpieces. In the American Midwest, Frank Lloyd Wright is building bioinspired architecture—beacons of light on the dark prairie. Ethel Barrymore stars on the New York stage. Sarah Bernhardt is in London. A teenage James Joyce is getting ready to leave Dublin, and Jack London is settling back in California after the Yukon gold rush. Anton Chekhov, Upton Sinclair, Margaret Sanger, Mark Twain, Leo Tolstoy, Henrik Ibsen, Joseph Conrad, Ida Tarbell, H. G. Wells, W. E. B. Du Bois, Rudyard Kipling, and Robert Frost are all busy writing and publishing.


But people are here in Paris on this hot August day in 1900 to catch a glimpse of the future, not the past. 


THE 1900 PARIS EXPO


More gorgeousness than the eyes can bear—that’s what the crowds have been sold. That’s what everyone has waited eight years to see. They’ve come for the promised glory of the Paris Expo—a once-in-a-lifetime electromechanical, technological, gee-whiz wonder-of-science event. And now it’s spread before them: the future, like a warm blanket. It’s international. It’s universal. And it’s here. The moment has arrived. L’Exposition universelle internationale de 1900. And it’s everything they said it would be. Delivery is the fondest form of deliverance.


Nearly forty million people trudge through the streets of Paris this summer. They flock, pack, cram, push, nudge, queue, jam, sandwich, crush in, squeeze by, pull through, and shove on. They come to see it all. The monster machines. The mechanical marvels. The electric dreams. Every which way is lit by brand-new buzzy incandescent lights. One palace is aglow with five thousand bulbs, a new record, they say. Marvelous! Fabulous! So much to look at. So impressive and blinding. The future in 1900 is like some modern steampunk vision of the past—horrific yet alluring, like an outlaw-biker-gang patch on the back of a leather vest. You can’t not stare.


Whole new buildings welcome the masses. In tech pavilions, consumer toys are on display. Eastman Kodak’s first Brownie box camera. The first plastic wrap, that tiny kitchen miracle. Over here are the world’s first wireless radios. Over there are some of the first X-ray films. People can’t wait to stand for a scan. Zap! Moving walkways carry them about. Zap! Tractors, cars, taxis, trucks. Zap! Gas, electric, leather, and crank. Zap! The world’s first escalators. Zap! Rolling and rolling. Up, down, in, out. Zap! 


And the artwork—oh, the artwork!


Galleries. Gardens. Paintings. Sculptures. This is the event of the year, one art magazine covering the expo claims. The importance of L’Exposition universelle internationale de 1900 cannot be overstated. Nothing like this has ever been seen, and no installation this grand will ever be unveiled again. Dozens of artists. Hundreds of galleries. Thousands of paintings. A smorgasbord of marble. The world’s most celebrated painters and sculptors. Édouard Manet. Claude Monet. Henri Matisse. Paul Cézanne. Edvard Munch. Auguste Rodin. 


That same art magazine in 1900 asks, was the exhibition a success? And then it answers its own question gleefully: “We venture to say that no intelligent person who studies these pages can answer the question otherwise than by an emphatic, and even an enthusiastic, affirmative.”


“Art-loving people throughout the world found in the Exhibition a collection of works such as has rarely, if ever, been brought together in the history of the human race,” the magazine reports. 


All summer long, Paris is the place to be. Zap!


THE BIRTH OF FUTURISM


Inside a stuffy university lecture hall nearby, the future is also on display this hot August morning. The heat is oppressive, but there is buzzing in the room. He’s here! The speaker is here! A small crowd settles, excited. The speaker makes his way to the podium. He is one of their Matisses, their Manets, their Monets, their Cézannes, their Escoffiers, their Bernhardts, and their Barrymores. All that greatness rolled into one.


Another event is taking place in Paris this summer besides the Expo, this one in a stuffy room: the Second International Congress of Mathematicians. It’s a splendid smorgasbord of scrumptious scholarship—“all to the mustard,” as they loved to say in 1900. 


Conference organizers think, at least initially, that the Paris Expo will be a draw. They sing its praises. A delightful diversion. The future of tech. Fabulous art. The organizers initially expected some 1,000 mathematicians and an additional 680 family members to show. But far fewer came. So now, once the meeting is underway, they take turns slamming L’Exposition universelle internationale de 1900. It’s too loud. The city is distasteful when crowded and packed. Too many tourists. Too few hotels. The “great heat” of summer. Distractions, distractions. One magazine covering the math congress, the Bulletin of the American Mathematical Society, will explicitly blame the Paris Expo for the math meeting’s low attendance. Many have stayed away, their reporter says, “who would otherwise have been present.” A shame!


Still—it’s their loss for not attending. The hundreds who have come to the meeting are treated to something special, something unique: a vision of the future of mathematics that mirrors the steampunk futurism of the Paris Expo tech and electric light displays.


Futurism—can you even call it that yet? It’s taking its first baby breath in 1900. The word “futurism” won’t even be coined for another nine years, toward the end of the decade—just a few years before the horrors of World War I begin—when Italian poet Filippo Tommaso Marinetti will write a manifesto to all things fast, tech, and violent.


But even if people don’t know what to call their light bulb dreams of the future in 1900, they nevertheless cheer its bright-burning glow. The future is electric. It’s exciting. It hangs in the city air. People consider it. They love it. It’s glory. It’s genius, that future. Zap! Zap! Zap!
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Futurism in 1900, as today, is dominated by vagueness: that faint perfume of fresh-cut grass and hope. Then, as now, the future we are sold is a pulled-wool vision of technology. It’s monstrous. It’s shiny. It’s metallic and full of promise—or is it fantasy? The future we imagine and the future we are sold is one where the inexplicable transforms the impossible. One that promises to make our lives unrecognizably better and infinitely more convenient. And why not? The future is good. The future is bright. The future is healthy. It’s just. It’s tech. It’s speed. Better medicines. Cool machines. Lights to guide our way. And machines to move us.


Planes are coming in 1900. Cars are coming too. The first automobile race just took place in 1900. The very first auto show is soon to open in New York City. Paris this summer is full of hand-built, cloud-belching, choke-belly cars and trucks. They fill the streets. Their noise fills the air. Everybody marvels. People hear the engines roar. They feel them kick. They smell the fumes. Ignition. Pistons. Smog. Exhaust. The crowds go crazy. Roar and roar and roar go the machines. Onlookers ooh and aah. They love it. Most of them have never even seen a car before. Only monsters make sounds like that!


THE BEAUTY OF MATH


The mathematicians meet for a formal reception at Café Voltaire the first day of the congress. The second day, they convene at the Palais des Congrès on the Expo grounds for the opening ceremonies. Famed French mathematician Jules Henri Poincaré is there. He carries wisdom the way some rappers wear bling. It’s dripping from him. Mathematics, he says, should be cultivated for its own sake. Math is not just some dull tool for digging but a precision instrument—a power tool, we would say today. Mathematics is no rusty shovel. Poincaré feels that it’s an intellectual technology of incomparable importance. A thing of beauty. An art!


On the third day of the meeting, the attendees settle into their seats for a plenary lecture in a stuffy Sorbonne University lecture hall. Here they are, and here he is. They have come to hear this thirty-eight-year-old German mathematician talk about something—geometry, maybe?


The room groans with dull relief as he takes the stage. They can’t wait to get started—the sooner the better. And why not? It’s hot. And in these dawning days of scientific conferences in 1900, talks are typically bad and worse. Difficult topics. Monotone voices. Opaque ideas. Experts, experts. Awkward deliveries. Hesitant. Exhausting. And talks are almost always, according to British mathematician Charlotte Angas Scott, who is there covering the meeting for the American Mathematical Society, “tedious and incomprehensible.” Brilliance is always harried, never hurried.


But not today.


No one in the audience has any idea what’s about to happen. How can they? As German mathematician David Hilbert stands at the podium, he is about to reinvent the professional lecture. This will be the lecture that will redefine what we talk about when we talk about science. This lecture marks the moment when we move beyond what has been done in science and focus more on what will be done or what it should become. It’s the talk that will make scientific lectures famous—the original TED Talk taking place nearly a century before such things even existed.


But how can the audience know that? Oh, sure—Hilbert’s a rising star. Everybody sees that. Some claim he’s the greatest mathematician alive. He’s just published a famous book, the Grundlagen der Geometrie (The Foundations of Geometry), based on a few bawdy lectures he had given to shell-shocked grad students at the University of Göttingen, where he is a professor. It’s a dreamboat of a success as math books go. He gives some lectures, hastily transcribed. His talks are formatted into a book. It’s rushed into print. And what appears is odd and unexpected—a little book, but huge. And successful—very successful. The first copies are handed out at a public event at his university in Göttingen, Germany. Within months, a French edition appears. And everyone wants a copy. By the time of the Paris Expo, the book is all the buzz in math circles. New and interesting, they say. A revolution!


What has he done that is so impressive? In his book, Hilbert revisits the simple secondary school subject of geometry and rebuilds it fresh, from the ground up, with new foundations. He does not content himself with treating the subject the same way all the schoolmasters, monks, Islamic scholars, ancient Egyptians, and every forgotten Greek mathematician since the hoary old days of Euclid have always done. For thousands of years, geometry was tamed. Unsullied. Unblemished. Unaltered. But it is not Hilbert’s intention to leave it untouched.
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The ancient Alexandrian mathematician Euclid pioneered the axiomatic approach to geometry, originally defining his five famous “postulates” or axioms at the beginning of his book Elements—perhaps one of the five most famous books of all time. In 1900, Euclid is still the reigning heavyweight champion of math authors. But in 1899, Hilbert imposed a newly expanded set of postulates on the subject. He groups them according to how they pertain to things like geometric continuity, connectivity, congruence, and order. So as not to get bogged down in the detail, suffice it to say that with outstanding creativity and impressive rigor, he impressively reworks the more than two-thousand-year-old subject of geometry.


People are impressed. According to Hilbert’s biographer Constance Reid, one American review of his 1899 book says it will “do much for the logical treatment of all science and for clear thinking and writing in general.” Overnight the book becomes a mathematical bestseller. People heap praise on Grundlagen. They call Hilbert’s book a jewel. A gem. An intellectual masterpiece. It’s “radically innovative,” reflects modern British philosopher Peter Simons. Pure art!


And now, on this hot Parisian summer day in 1900, Hilbert is here. At long last. The air is hot. The attendees drift in. They find their seats. They settle. Some dab their foreheads with kerchiefs. Others mill about the edges of the room. Everyone is expecting a deep dive down that same geometric hole. Blah-blah-blah axioms and blah-blah-blah Euclid. Maybe he will trace the genesis of Grundlagen. Maybe he will get into geometric shapes. Who knows? The title of his talk is simply “Mathematische problemes” (Mathematical problems).


Only one person in the world actually knows what Hilbert’s going to say—his good friend Hermann Minkowski, another mathematical legend.


EINSTEIN’S PHYSICS TEACHER


As a teenager, Minkowski had won a highly prestigious mathematics prize from the French Academy of Sciences for work on complicated functions known as quadratic polynomials. The prize was controversial at the time because the French academicians awarded it jointly to him and an older and much more established Irish mathematician named Henry John Stephen Smith, who had been working on these quadratic polynomials for years, even before Minkowski was born. So sharing the prize seemed a shame, if not a slight. British-French relations being what they were in the 1800s, a formal complaint was filed with the French academy from London and afterward duly ignored.


Minkowski will become more famous in a few years for something even more random: having the singular distinction of being Albert Einstein’s physics teacher in college. But Minkowski is a genius in his own right. Anyone who has ever studied Einstein’s special relativity theory will know his name, for one thing. The mathematics involved with describing four-dimensional spacetime is sometimes called “Minkowski spacetime” because of his contributions. His partial differential treatment of space as a 4D “manifold” that includes time as well as three-dimensional space coordinates is an achievement that will forever associate Minkowski with all the strange and wonderful results of his student’s special relativity theory. Length contraction and time dilation, where an imaginary space traveler could fly at 99.9 percent of the speed of light to a distant star system and return a few years later to find their twin decades older than when they left, are beautiful outcomes of that partial differential equation treatment.


In early 1900, before the meeting, Minkowski was thrilled to learn what his good friend Hilbert was planning to say on this hot day in Paris. The structure of his talk is simple. Here are several compelling problems, Hilbert says. Now, solve them! Hearing this, Minkowski is floored. He loves Hilbert’s plan. This will make you famous, he tells Hilbert. It will become the lecture people will realize they always wanted but never knew they needed. “You could have people talking about your lecture [for] decades,” Minkowski tells Hilbert before the meeting.


The problems Hilbert chooses are not things anyone has recently solved. The talk will be about not what has been done but what should be done—it’s about not just problems but huge problems. Quandaries that have bedeviled mathematicians for years. Knots that have tied up the field for decades, even centuries. Fickle math pickles in desperate need of a slice. He plans to talk about hard problems—the harder the better. “A mathematical problem should be difficult,” Hilbert says from the podium.


Hilbert presents problems that “invite attack,” the journal Nature will report after the meeting. Solving these problems is “most likely to prove profitable,” driving the field forward, Nature reports.


Minkowski was right to predict the talk’s success. It’s something special. It’s the mathematical talk of the year. The decade. The century—nineteenth, twentieth, or both. It’s perhaps the best talk of the millennium. Some will later say it is the single most important lecture by a mathematician in human history. He dazzles and charms the dozens of people in the hall, and millions more who read about it after the fact will also marvel. Anyone lucky enough to hear it will remember having been there the rest of their life. It’s a mold-breaking, mind-bending, future-shaping, say-hello-to-my-little-friend triumph.


THE TWENTY-THREE PROBLEMS


Many today still consider the 1900 Paris lecture to be one of Hilbert’s greatest achievements—a scandalous claim, considering how many substantive original ideas he will contribute to mathematics in the decades to come. His name still adorns dozens of concepts in use today: Hilbert spaces, Hilbert inequalities, Hilbert transforms, Hilbert invariant integrals, the Hilbert irreducibility theorem, Hilbert axioms, Hilbert class fields, and many more. And that’s the least of his legacy.


Some forty people will receive PhDs under Hilbert in the next thirty years. Many will remember him as the single greatest mathematician they ever met. German physicist Max von Laue, for instance, will come to hold Hilbert’s brilliance above even his own—despite the fact that von Laue will win the Nobel Prize in 1914 for discovering X-ray diffraction in crystals, launching the fields of structural biology and structural chemistry and helping set the stage for modern structure-based approaches to drug discovery. Notwithstanding his own brilliance and success, von Laue believes that Hilbert is the true wizard. Hilbert “lives in my memory as perhaps the greatest genius I have ever laid eyes on,” von Laue will say. 


The sun never sets on David Hilbert, according to his friends and students, and that all begins on this hot August morning in Paris.
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The influence of Hilbert’s speech is hard to exaggerate. In the early 1970s, the American Mathematical Society holds an entire symposium at Northern Illinois University in DeKalb to explore the consequences of the problems (ten listed in his original talk but expanded to a set of twenty-three by the time he publishes the companion paper a few months later). The DeKalb conference concludes that a “wealth” of new methods and results have sprung from the problems, which was exactly Hilbert’s goal.


Today, in fact, most of his problems have been solved—or otherwise resolved by showing that they have no solution. One of Hilbert’s own students provides the first solution to one of the twenty-three problems a few months after his lecture—a complicated conjecture involving how to cut a tetrahedron into a cube. Over the coming decades, more and more are solved. Some of the stories about their solutions are fascinating. Here are a few.


Hilbert’s thirteenth problem falls to a group of Soviet mathematicians just after World War II, including Vladimir Igorevich Arnold, a nineteen-year-old undergraduate at Moscow State University. The thirteenth seeks something akin to the quadratic equation as a solution for all polynomials, not just those with two variables. Solving this gives the Soviet Union a propaganda win and elevates Arnold’s status—at least initially. He will run afoul of communist authorities in the 1960s when he signs a letter criticizing the treatment of dissidents. (And as a modern footnote, the problem has been revisited in recent years by a topologist at the University of Chicago who claims that it’s still unsolved.)


Hilbert’s tenth problem is tackled by a group that includes Hilary Whitehall Putnam, a philosopher who in his later career will pioneer the now familiar idea that communication is influenced by context. As an undergraduate math major, he is part of a team that attempts to solve the tenth problem, which asks whether there’s a way to find general solutions to a certain multivariable algebraic equation named after the ancient mathematician Diophantus of Alexandria. The team will fall short. In the 1960s, Putnam will become a hippie/scholar who lives on a commune, organizes anti–Vietnam War protests, and flirts with communism. After Russian mathematician Yuri Matiyasevich actually solves Hilbert’s tenth problem in 1970, Putnam will write the foreword to his book.


In 1997, University of Michigan mathematician Thomas Callister Hales develops a proof of the eighteenth problem, known as Kepler’s conjecture, which hypothesizes that the most efficient way to stack oranges, cannonballs, or any other spherical objects to maximize their average density is “face-centered cubic,” with each globe sitting on top of a pyramid base made by three other globes. Hales solves it via brute force, using supercomputers and geometrical analysis to carry out exhaustive calculations and compare myriad possible stacking configurations. It takes him ten years and a massive amount of computer time, but he finally does it.


An odd footnote to his proof is that it’s so complicated, at 250 pages, that nobody has any way of knowing whether it’s right. Who will proofread the proof? people wonder. Annals of Mathematics, where he sends his paper for publication, sets up a team of twenty top experts to review it. The task is so daunting that they hold a special symposium just to lay out a strategy. Then, one by one, the referees drop out. In 2004, the journal finally pulls the plug and punts, claiming it is 99 percent sure that the proof is correct, despite having discontinued its peer review.


Finally, it’s worth noting as inspiration for any budding mathematician readers that Hilbert’s eighth problem, known as the Riemann hypothesis, has still never been solved. This fact is not often missed by the media today, who have taken in recent years to labeling it the most important unsolved problem in mathematics with not the least hint of irony. Solving the Riemann hypothesis is also a Millennium Prize Problem—a set of challenges inspired by Hilbert’s twenty-three problems, sponsored by the nonprofit Clay Mathematics Institute, and backed by a $1 million bounty. So solve it!


That’s easier said than done, of course, and Hilbert himself guesses that the Riemann hypothesis won’t fall so easily. Someone asks him years after his famous lecture what he would do if he could travel five hundred years into the future. Whom would he see? What would he say? The first thing he would do, Hilbert says, is find a mathematician and ask, “Has anyone proved the Riemann hypothesis yet?”


The answer today, 125 years after his talk and more than one-fifth of the way into his five-hundred-year thought experiment, remains the same: No!


EXUBERANT SOLUTIONISM


The year 1900 is a new dawn and a new day for Hilbert’s sweeping vision and never-ending mathematical ambition, which flower in his famous talk. His lecture is religion. Revelation. This is a church revival, and he is a charismatic pastor preaching a simple, compelling sermon. He’s selling a vision of the future where any mathematical problem can be solved.


I call this the gospel of “exuberant solutionism.” If you can logically state a problem, Hilbert claims, you will eventually solve it, given enough hard work, time, energy, and pure reason. His message to the Paris audience is simple: Find a problem, solve it, and move on. It’s the perpetual call, he says.


Not everyone agrees with him. Many of Hilbert’s contemporaries belong to a competing, constrictive camp popular at the end of the nineteenth century that subscribes to the concept of unknowable unknowns. Things we cannot answer. Problems we could never solve. Questions we may not even be able to ask. And answers we could never hope to know. This competing philosophy is called “triumphant pessimism,” a hopelessly negative but nevertheless popular intellectual worldview due to the influence of one man: the French philosopher and physiologist Emil du Bois-Reymond, who had pioneered the idea a generation before.


By day, du Bois-Reymond was a basic physiology researcher of no small repute. He was the father of electrophysiology, in fact, famous for having discovered action potentials, those measurable electrical “firings” of nerve cells that form the physiological basis of neuronal transmission and all things cognition, from neuropathic pain to memory recall to reasoning to taste. But by night, du Bois-Reymond spun philosophy and spoke of unknowable unknowns. He gave a famous talk in 1872 in which he stated his basic philosophy: Ignoramus et ignorabimus (We don’t know, and we shall never know). The talk resonated for decades. By the time Hilbert takes the stage twenty-eight years later, he has to swim upstream against all those ignoramuses.


Hilbert’s whole lecture and, some have claimed, his entire approach to mathematics for his entire life are one big reaction to du Bois-Reymond. He sees mathematics as a single cloth made of separate fibers—geometry, algebra, number theory, logic, mathematical physics—all forming one congruous, intertwined fabric that covers everything and can uncover anything. Du Bois-Reymond is no mathematician, he doesn’t see what Hilbert sees. In fits and starts, mathematics has pushed its way into every corner of science to the end of the nineteenth century. After thousands of years of success and triumph, especially in the last several hundred years post–scientific revolution, mathematics now fills the creases and seals the cracks of human knowledge.


People have taken to glorifying mathematics by calling her the Queen of the Sciences. Hilbert’s whole twenty-three problems lecture, in fact, is one big, throaty defense of his queen. She can do anything. She is everything. If his talk is the greatest call to arms science has ever known, then it’s a triumph for old Queen Math. “In mathematics,” Hilbert says, “there is no ignorabimus.”


And yet, like all fanatics, he hides a secret doubt. Eternal optimism sometimes conceals quiet desperation. Queen Math is in trouble in 1900, and Hilbert knows it.


All reigns end eventually. Rulers are defeated. Or they are deposed. Or they’re term-limited out. Or they retire. Or they die in office—sometimes of natural causes, sometimes not. Inanimate objects fail as well. Things break. Items lose relevance. They become neglected. Buildings fall. Cities crumble. Nations cease to exist. Eras come to an end. Empires die. 


Even intellectual ideas cannot escape such deaths. Songs go unsung. Stories go untold. Memories lapse. Moments end. Knowledge is forgotten. Names are lost. Greatness fades. Paradigms are overthrown. Time destroys every absolute monarch. Even the greatest Ozymandias of his day crumbles into dust. Hilbert fears that sort of fate for old Queen Math. Her golden days could be at an end. Mathematics in 1900 is feeling a bit like a crumbling heel. Look on my Works, ye mighty, and despair!


That’s why Hilbert is here in Paris. That’s why he’s talking about the future. That’s the point of all his optimism. The future should be bright, not dark. Hilbert is worried, and he won’t leave the queen’s fate to chance. He wants to set the agenda for the next century, and with this lecture, he aims to do it.


His queen is dying, and single-handedly, he means to save her.


“NO EYE COULD BEAR MORE GORGEOUSNESS”


Across the English Channel, another queen sits on a lonely throne. Her world is also in crisis. Alexandrina Victoria is at the tail end of a long, glorious reign. She’s been queen since 1838, making her the second-longest-ruling sovereign in British history (until Elizabeth II will surpass her in the 2020s). She is a ruler like no other, though the bar wasn’t exactly high when she first took the stage. When she ascended to the throne at age eighteen on June 20, 1837, her three predecessors were George III, George IV, and William IV—considered a motley of fools by some experts. Modern American journalist/historian Robert K. Massie calls them “an imbecile, a profligate, and a buffoon.”


Victoria was determined not to channel the Tumbledown Dick ineptitude of her predecessors. “I am very young,” she declared upon taking the throne, “but I am sure that few have more goodwill and more real desire to do what is fit and right.”


The empire she inherited was elastic. Ecstatic. Great Britain responded to its queen and expanded under her reign—the best six decades the empire ever knew. She inherited a colonial stretch that was a scrabble bag of random, far-flung colonies. Gambia. Calcutta. Hudson Bay. Newfoundland. The South African Cape. Australia. But by 1900, nearing the end of her reign, her empire has grown much larger. It now encompasses a thousand lakes, two thousand rivers, ten thousand islands, and more deserts, mountains, coastlines, and marshlands than you could survey in a lifetime. During the last twenty-five years of the nineteenth century alone, Britain added 4.75 million square miles of land and brought ninety million people under its imperial umbrella. (For context, the total world population in 1900 is 1.9 billion.)


By 1900, Great Britain has far-flung colonies all over the world. It now owns more than one-fifth of all the land on Earth. Britain is everywhere. Queen Victoria’s mighty empire rules the high seas. Union Jacks fly over ports of call from Weihaiwei to Wellington, from Halifax to Gibraltar, from Cape Town to the Falklands, and from Where did you go? to Hell if I know!


British laws govern cities. British ideas penetrate culture. British influence changes men’s attire. The dark wool suit, so Italian to the modern mind, was actually the invention of London’s nineteenth-century fashion houses. It has taken hold by 1900. American envoys. Hungarian waiters. Russian musicians. Japanese bankers. Brazilian undertakers. German mathematicians. Mexican presidents. All the ego-prancing, self-important K Street/Wall Street preeners of our modern day. They all have nineteenth-century golden-age-of-the-British-empire fashionistas to thank for their de rigueur business formal wear.


One in every four people alive in 1900 falls under British rule. They are treated to an English tongue. A common law. A vast international banking system. Free trade. Supply chains up the wazoo. The odd cricket pitch or two. And that thin vanilla whiff of liberty.
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If the sun never sets on Great Britain, it really never sets on Queen Victoria. People call her “stability incarnate.” Most have never known another ruler. When Victoria’s diamond jubilee, the sixtieth anniversary of her accession to the throne, was celebrated in 1897, the city of London seethed with people. Red carpets rolled. Monarchs and politicians flocked. It was the greatest display of military vainglory the world had ever seen. Some forty-seven thousand troops from around the empire paraded in proud pomp and procession. Pristine uniforms. Gold-and-red plumage. Dragoons and dirks. Zaptiehs and Dayaks. Guayaberas and fezzes. Feathered scabbards and camel corps. Hussars and high-step marches. Oh, what splendor! “No eye could bear more gorgeousness,” one witness said.


“The mightiest and most beneficial empire ever known in the annals of mankind,” the London Times declared. “Practically unassailable,” the Berlin-based German newspaper Kreuzzeitung wrote—of the empire if not its queen. Practically unassailable!


But three years later, in 1900, just a few months before Hilbert will take the stage in Paris, the ceremonial hats are gone. The celebrations have faded. The British mood is black, and Queen Victoria’s is somber. In early 1900, she is photographed in a horse-drawn carriage, wearing a coal-colored suit and a white-feathered hat. She is sitting for shots on a photo junket in Dublin, Ireland. Britain is at war, and she is recruiting. Things are going very, very badly.


It was not supposed to be this way. Britain has almost never known defeat in the queen’s day. Her empire has fought some seventy-two “little” wars during Victoria’s reign and has always come out on top. Her army is modern. Well-equipped. Formidable. It has seasoned soldiers. Professionals. They are well trained. Her infantry is made up of Tommy Atkins heroes. Her officers are the cream of the imperial aristocracy. They are ever ready to drum-beat their way to glory’s peak, one bloody step at a time. Glorious!


But in 1900, Britain is ensconced in something a lot more than a little war. In South Africa, it faces an enemy like it’s never seen before—one that doesn’t drill. Never marches. Has no formal military training. Wears dust-rag clothes. An undisciplined militia—less an army than a rabble. Sack lunches and glue-factory ponies. A tattered band of “weather-beaten old men and half-grown boys” fighting a farm-to-battlefield war. That is what the British public has been sold.


That narrative never really fit. It seems like a lie in 1900. Actions taken based on false foundations are often doomed. The war has quickly become Britain’s longest, most expensive, and deadliest conflict in memory. God, Queen, and England is beginning to sound wheezy, like a heaving cry of desperation. The queen wears black in Dublin. Agony is her fur coat. Silence is her shivering shawl. Her entire empire is mourning.
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Somewhere in South Africa, British soldiers are disembarking. Down the gangplanks they go. Across the docks. They are boys, really, not men. Laughing. They board trains. They ketchunk-ketchunk hundreds of miles up the tracks. These are special trains. Military trains. Troop trains with armored cars. Machine-gun turrets at the ready. Rifle slots cut on each side. Hospital cars in tow. Up and down the dusty veldt of South Africa they go. War is out there somewhere. The truth is out there too—the gruesome math of war. Bodies. Death. Glory? 


War is often about the lies we tell others, the ones we don’t believe. But sometimes it’s about the lies we tell ourselves—the ones we do believe. Salvation. Pristine khakis. Stiff collars. New uniforms. Crisp and clean at first. Then rumpled. Then dusty. Then dirty. Then red. Then black.


The queen is dying in 1900. And there is no glory in a dark sunset. Fezzes have faded. Dragoons have been dirked. Guayaberas are gone. Dublin in 1900 is the beginning of the last year of Victoria’s life. The rest of the European world senses the future that summer—all the marvels of art and tech at the Paris Expo. But if 1900 seems like a birth of wonder, the coming years will show that it’s really a dawn of horror. Europe will soon be shaken to its foundations when the Great War arrives. Nothing will ever be the same again—not in politics and certainly not in mathematics. Everything sits on a soft foundation.


It is the dawn of violence and hope!


But the future’s not looking so dope!


It soon ushers in decades of horror!


One only marked by war after war!


This will not be humanity’s delight!


Following the twin queens’ twilight!


That summer…


that day…


that crowd…


that expo…


that speech…


1900 in Paris















CHAPTER TWO


ADVENTURES OF A WOODEN PUPPET


1883–1884




“


The poet must see what others do not… the mathematician must do the same.


”


—Sofya Kovalevskaya
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Sofya Kovalevskaya in 1885 (second row, center, seated in white) with a theater troupe in Stockholm wearing Viking dress. Cropped from a public domain image via Nordiska Museet.










Four things happen in 1883 that set the stage for what I call the Great Math War. Four things amounting to four crossroads reached by four people—well, three people and a wooden puppet.


Pinocchio is carved into our consciousness when his eponymous Adventures by Carlo Collodi first appears in print in Italy in 1883. The book doesn’t exactly shake the earth, but it will half a century later, once Walt Disney silver-screen immortalizes that nose-grows, donkey-eared, lovable hunk-of-wood liar. He has awful judgment, poor taste in friends, and even worse luck. But why mention this motley fool? What’s a marionette Ulysses got to do with the history of math? Not much on the surface! But this is a book about foundations and lies—the lies we tell other people and, more importantly, the lies we tell ourselves. Pinocchio isn’t just an apt metaphor for this story. He’s the living wooden incarnation of it. A real boy!
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Around the same time that Pinocchio gets his first taste of life, eleven-year-old Bertrand Arthur William Russell gets his first taste of mathematics in his boyhood England when he becomes suddenly obsessed with it in late summer 1883. His brother, Frank, is home on holiday, wasting time before heading off to Oxford. One August morning, he decides to show his younger brother a thing or two from the most famous math book ever written—Euclid’s Elements. It’s the same classic, if terse and tedious, two-thousand-year-old standard text on geometry that David Hilbert will reimagine sixteen years later in his own book Foundations of Geometry.


“I gave Bertie his first lesson in Euclid this afternoon,” Frank recalls. “He did very well indeed, and we got half through the definitions.”


This is one of the greatest moments of Russell’s life—and one of the most disappointing. “As dazzling as first love,” he claims. But as soon as he hits that first blush of lust for math, he’s let down by it. Euclid’s axioms, the so-called five postulates that form the foundations for the rest of the book, fall short in his mind.


How do we know if these postulates are true? young Bertie asks his brother.


There is no proof, Frank says. You just have to accept them.


That, Russell will later recall, is crushing. “My hopes crumbled,” he says.


Nevertheless, this little bro moment sends him down a long and tortuous path toward philosophy, math, and the search for the ultimate logical truth when his initial reaction of disappointment turns to desperate determination. “Why should I admit these things if they can’t be proved?” he will later recall thinking. Pretty soon, proof must come.
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Russell wastes no time once he goes off to university. He throws himself into math at Trinity College, Cambridge, and becomes obsessed with logic. It seems a strange path for someone with his background, an aristocrat hailing from the preening, pressed-suits-privilege set. He comes from a great family, according to his biographer Ray Monk, an old, important, and well-heeled family whose fortunes date back to the English Reformation. Centuries before, when King Henry VIII broke with the Catholic church and claimed vast amounts of land, money, and property in the process, many of the proceeds went to his loyalist supporters, including Bertrand’s ancestors. The Russells became fabulously wealthy overnight. The head of their clan was named the Earl of Bedford and given large estates in Devon, Cornwall, and Dorset.


Centuries later, “Bertie,” as his friends and family would call him, is born the youngest son of Viscount John Russell, or Lord Amberley, and Viscountess Katharine Louisa Stanley Russell, Lady Amberley. His grandfather Lord John is a famous politician, a progressive member of parliament, and the last member of the liberal Whig Party to serve as prime minister. Lord John was famous for a few key legislative achievements, reforming Britain’s death-penalty laws, pushing for workers’ rights, jamming through public health policies, and extending voting rights to many in Great Britain (though not to women). Charles Dickens was so enamored with Lord John that he dedicated his book A Tale of Two Cities to him “in remembrance of many public services and private kindnesses.”


Lord John’s wife is Bertrand’s grandmother Lady Frances Anna Maria, the Countess Russell. She continues to have great expectations for the boy in 1883, and she has poured all her hopes for the future into him from the time he was a toddler. She holds fast to the notion that he will achieve greatness and leave behind towering accomplishments as his legacy. And why not? Obviously, he’ll be prime minister one day. Countess Russell knows it, and she is known to say it aloud whenever the mood strikes without the slightest hint of irony. Her influence upon Bertie is strange, profound, lifelong, and puissant—a potent mix of high-minded noblesse oblige shaken with melancholy self-denial, given a twist of religious zeal, and served cold, on the rocks.


“The sense of public duty,” Ronald Clark, one of Russell’s late-twentieth-century biographers, will write, “permeated the household like the smell of hops in a brewery.”


KATE & JOHN AND DOUG & KATE


Russell’s childhood is marked by loneliness, and not just because of the isolating intensity of impossibly high grandmotherly expectations—or Bertie’s own sad, solitary disposition. There is something much deeper and more disturbing going on. Bertie’s early life is marred by tragic loss. His parents, Kate and John, are passionate, warm, and outspoken liberals. In the decade before he was born, they were on the political cutting edge of issues like women’s rights. Bertie’s father, John, was a young member of parliament who ruined his career almost as soon as it began, before Bertie was born, after he advocated legalizing birth control, a highly controversial topic in nineteenth-century Victorian England. He was skewered in the press, and the ensuing scandal brought his short parliamentary career to an ignoble end after a single sad term.


After that, things got strange. By the time Bertie was born, the Amberleys had acquired a live-in houseguest named Douglas Spalding, an amateur biologist who makes a minor splash in experimental psychology by imprinting newborn chickens on himself, posing as the mother hen after they hatch. They follow him around, a gaggle of chicks, clucking as though he can listen.


The whole Russell household is awash in Doug’s little experiments. Bertie has strange memories of them years later, almost like fever dreams. All kinds of psycho weirdness. Live salmon, cut open in one cruel experiment. Spalding chopped the heads off wasps. He kept little birds in tiny boxes from the moment they were born, never once allowing them to flap their wings—all so he could see if they were still able to fly as adults. His experiments seem sad and cruel by today’s ethical standards, and they would probably never withstand the scrutiny of a modern institutional review board. It’s just as well that much of his work has been forgotten.


Spalding’s boldest experiment in those early days of Bertie’s life involves Kate and John. Kate is Doug’s assistant, and they are sleeping together—openly and apparently with the consent of her husband. Doug has active tuberculosis, that withering bacterial lung infection known as consumption in those forgotten days. It has ravaged Europe and elevated that gaunt, pale, flushed appearance into something of the heroin chic of its day. Charlotte Brontë once called it “a flattering malady,” and women often dressed in hip-hugging corsets, white-powdered faces, bright rouged cheeks, and other fussy consumptive flair. But the Russells are far more fashionable. If the fad of looking like you have active tuberculosis is quite the rage, the hot-ticket buzz of having an actual live-in TB lover is even more en vogue.


Colorful and unconventional is the ménage à trois that his parents enjoy. But it ends abruptly following an unrelated tragedy. After the family returns home from a trip abroad, Bertie’s older brother, Frank, develops a bad sore throat. Doctors diagnose it as diphtheria, a highly contagious bacterial infection that’s now somewhat rare in western Europe because it’s preventable by vaccination. Frank is isolated, and he seems to recover. He’s given a clean bill of health and promptly sent home. But it’s too soon. He’s still infectious, and he spreads the disease to his mother and sister. Frank makes a full recovery, but Kate and his sister, Rachel, die from the disease. John is crushed—worse, destroyed. The two most important women in his life are gone. Russell’s father suffers a dark depression, describing his fate as “purest happiness turned into the bitterest pain.” He loses his will to live, and several months later, he dies.
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The two surviving children, Bertie and Frank, are handed over to the care of Lady Russell, their grandmother. Doug is dismissed, Frank is sent away to boarding school, and Russell spends the remainder of his childhood subject to his grandmother’s whims—strict, regimented, cold, and puritanical. She loathes comfort, according to one account. Cares nothing for cuisine. Hates wine. Begins each day with an ice-water bath and a mournful morning routine of piano practice and solemn prayer. She is aloof—incapable of love, Bertie later claims. Her favorite saying, he will recall, is the constrictive, closed-book circular construction:




What is mind?


No matter.


What is matter?


Never mind.





Lady Russell also has an existential fear of formal education. She decides Bertie needs to be protected from school so as to be preserved—“pure, religious, and affectionate,” she says. It’s too late for Frank, she feels, so he is sent off to boarding school. But Bertie is special, she thinks. He should be homeschooled. “He must be fitted to take his grandfather’s place as prime minister and continue the sacred work of reform.”


By the time Frank gives his younger brother those first few lessons on Euclid and geometry in 1883, Bertie has been homeschooled for years in an emotionally bereft Grey Gardens gloom. It’s as sad as it is transformative. “I try to make some sort of human contact,” he says at one point in his childhood, “but it is impossible.”


“I know myself doomed forever to lonely impotence,” he adds.


Learning Euclidean geometry in 1883 is a lone light in that derelict darkness. “I had not imagined that there was anything so delicious in the world,” he later recalls. It’s a taste he will relish in the decades to come. A taste for life shared by others as well.


THE SHORT LIFE OF SOFYA KOVALEVSKAYA


Across the North Sea, sweet mathematical success is tasted in 1883 when Russian mathematician Sofya Vasilyevna Kovalevskaya is hired by the University of Stockholm, becoming the first female professor in Europe—at least in the sciences. (A few women had earlier won professorships teaching humanities in Italy.)


In the typical selfish sexist fashion of the times, Kovalevskaya faces an uphill battle. She is forced to accept the job conditionally and without pay for a one-year probationary period. And even then, her appointment is controversial. Misogynist views of women are common at European universities. Most institutions won’t even allow women to set foot in the classroom—never as a student and definitely not as a teacher.


“A female professor is a pernicious and unpleasant phenomenon,” one prominent Swedish writer says in a local newspaper at the time, penning an op-ed in opposition to Kovalevskaya’s appointment. “Even, one might say, a monstrosity.”


Many men agree with this writer. Some call Kovalevskaya the queen of mathematics—a name not meant as a compliment. German chemist Robert Bunsen calls her “dangerous” because of her intelligence. (That, I suppose, is what you call a Bunsen burn.) What an idiot!


None of this resistance in 1883 is new for Kovalevskaya. She has stoked sexist fires her whole adult life. A decade earlier, she overcame almost insurmountable barriers when she became the first woman in Europe to obtain a PhD in mathematics. It was a remarkable but odd feat—she had to do her thesis remotely and obtain her degree in absentia because even though the university was willing to grant it, they would not allow her to attend classes.


She will also become the first woman to work as an editor for a major academic journal and the first woman ever admitted into the staunchly elitist Russian Imperial Academy of Sciences. Its bylaws actually have to be rewritten after her election because under its old rules, no woman is even allowed to set foot inside the building. She literally has the door slammed in her face the first time she tries to enter.
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Kovalevskaya is born the middle child of a rich, important Russian army general named Vasily Vasilyevich Korvin-Krukovsky who owns a huge private estate with thousands of acres of land near the Lithuanian border in Russia. It has a sheep ranch, a dairy farm, a vodka distillery, a large forest filled with game, and lakes stocked with fish ready to be caught and sold. When Sofya is a little girl, the general retires, and the whole family relocates from St. Petersburg to the country estate.


A random misadventure in interior design determines the course young Sofya’s life takes. The family accidentally miscalculates how much wallpaper they will need to refurbish their country estate, and they wind up one roll short of a complete decor. They briefly consider the possibility of sending someone hundreds of miles back to St. Petersburg to fetch another roll, but they decide that would be too extravagant. So they resolve to simply decorate Sofya’s room differently—using newspaper instead of wallpaper. Then someone discovers a bunch of old lecture notes dating back decades from math courses General Vasily Vasilyevich took during his training to be an artillery officer. Even better! They paper her walls with the math notes instead. Muzzle velocities. Firing angles. Arcs and ranges. Falling objects. The effect of gravity on the horizontal path of a projectile. Years later, she will claim this was how she learned math—spending hours and hours staring endlessly at her father’s old fusilier notes pasted on all the walls around her room.


“I began scrutinizing the walls very attentively,” she later says. “I could make no sense of any of it at all then, and yet something seemed to lure me on.”


When she expresses her interest in math, however, her father is horrified. He’s a traditional Russian man of the old school. He doesn’t have any refined taste for well-educated women. Even his daughters—especially his daughters! He forbids her to study mathematics. She does it anyway, borrowing an old algebra book from one of her tutors and secretly reading it at night while everyone else is asleep.


But her opportunity comes when a physics professor who lives nearby visits the family. He leaves behind a copy of a textbook he’s just written. It’s a gift, and the old professor is hoping the old general will take an interest in his work and be impressed. But it’s Sofya who picks up the book instead. She completely lacks the necessary mathematical background in trigonometry, however, so she soon finds herself completely lost. Always resourceful, she finds a workaround. She develops a way to approximate trigonometric functions numerically. When she plugs those approximations in, they work. The next time the professor comes to visit, Sofya is excited to discuss his book with him. The old professor isn’t sure what to make of her. He is amused at first. Then politely dismissive. Next slowly put off by her persistence. And finally completely annoyed. She read his book? Is she joking? Come on! She couldn’t possibly have understood it.


She didn’t understand much of it, Sofya admits. She tells him she had to substitute her own original numeric approximations for the trigonometric functions, and he rolls his eyes. “Now you’re bragging, aren’t you?” he says. But when Sofya shows him her notes, he can’t believe it. She wasn’t kidding. She managed, completely on her own, to develop the frameworks of trigonometry in a way remarkably similar to how certain other mathematicians had done it centuries before. He’s blown away. And more. The girl is a genius! The old professor now begs her father the general to let her study math.


Eventually the old general relents. These are changing times in Russia. He consents to allow his teenage daughter to attend high school in St. Petersburg, where she is finally allowed to study math—at least for a time. Though she is a brilliant student, she cannot enroll in college. The Russian university system is completely closed to women except for one awkward path to attendance: Some progressive professors allow women to informally audit classes. They can’t take degrees, but they can sit in on lectures. And so she does, sometimes having to sneak into the back of the lecture halls so as not to call attention to herself.


But then a bigger barrier emerges. 
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The 1860s and 1870s, when Sofya comes of age, are a time of revolutionary fervor in Russia. The country’s czarist leadership is convinced that there’s a connection between educated women and revolutionary frenzy. So the government moves to ban women from the classroom entirely. This creates a small exodus of young women (who are well educated and of independent means) who make their way to Western countries in search of greener pastures and more liberal opportunities. That includes nineteen-year-old Sofya and her older sister. But after moving to Berlin, she finds only another door slammed in her face. “The capital of Prussia proved to be backward,” Kovalevskaya later says. “Despite all my pleadings and efforts, I had no success in obtaining permission to attend [the University of Berlin].”


She meets her mentor there, however—the German mathematician Karl Theodor Wilhelm Weierstrass. He understands underdogs and loves a long shot, having been one of both himself. Years earlier, he rose to become one of the greatest mathematicians of the nineteenth century after toiling away for the early part of his career as a lowly high school math teacher. “Too poor to afford postage for scientific correspondence,” according to the mathematician T. A. A. Broadbent.


Weierstrass, who is also from an older generation, brushes her off at first. But she persists in asking him questions, so he gives her a problem set, probably thinking that will get rid of her. The problems are the same graduate-level challenges he gives to all his advanced students, and he doesn’t expect her to complete them. But she does. And when he sees her work, he is more than a little impressed. He immediately begins pleading with the University of Berlin to enroll her. But the school is unwilling. So Weierstrass takes it upon himself to give her private lessons, and eventually he helps her obtain her PhD in absentia from the same university where Hilbert will later work. Sofya becomes the first woman in European history to receive this degree.


While she is wrapping things up, the political situation in Russia worsens. Growing paranoid that the furtive seeds of future revolutions are germinating in the fertile soils of Western Europe, the heavy-handed Russian government completely loses its taste for women being educated in the West and demands they all return, within six months. Some refuse. Others rush to finish their degrees. One woman drives herself to death in desperation to finish. Many women abandon their studies and dutifully return, only to be met with contempt as they come home.


Kovalevskaya is fortunate to be well advanced in her studies. She finishes her degree, returns to Russia, but then languishes there for five years. The unofficial government policy is that none of the women returning from the West shall be allowed to take jobs at universities, hospitals, or government agencies. The only jobs open to Sofya back in Russia are low-level positions teaching rudimentary math at all-girls high schools (think multiplication and takeaways). But she has neither the taste nor the aptitude for this, since she has spent all her time on higher-level math and never actually mastered the basic stuff. So she becomes a writer instead—anything to fill the time.


She does theater reviews, writes a successful autobiography, produces a play, pens a novel, and becomes a sort of tech reporter for the local newspaper, covering new discoveries like the telephone. Kovalevskaya is unusually gifted and amazingly successful as a writer. Her autobiography, A Russian Childhood, is considered a major literary achievement when it comes out. And as her fame grows on the heels of that success, people start calling her the girl genius. “People would often stop in the street to stare,” one of her biographers later says.


“IN THE HIGHEST DEGREE”


The hand of fate intervenes again in 1880, when an organizer of a scientific conference in St. Petersburg begs her to give a talk. She agrees, dusts off some old unpublished work from half a decade before, and presents it to an audience of men stunned by her brilliance.


Swedish mathematician Magnus Gösta Mittag-Leffler is in the audience, and he has a secret mission. He is another former student of her mentor Weierstrass in Berlin, and before Mittag-Leffler left for Russia, Weierstrass begged him to seek Kovalevskaya out. Talk to her, Weierstrass asked. Convince her to come back to the West. After Mittag-Leffler hears Kovalevskaya’s talk, he vows to do more than that. He promises her that he will pave the way for her return. He will find her a faculty position in Sweden, and failing that, he will create a new one. He lives up to his word, bringing her there in 1883.


She gets out of Russia just in time. Bad business decisions and financial speculation drove Kovalevskaya and her husband into financial despair. In the late 1870s, her husband invested all their money in a speculative business, building family homes with attached commercial bath houses. But the bottom fell out of that market, she will later recall, “and brought us to utter ruin.” Two weeks after Kovalevskaya impresses the audience with her talk in St. Petersburg, all their possessions are sold at auction. This has a devastating effect on her husband and torpedoes their marriage. They divorce, and in 1883, just before Sofya leaves for Sweden, her now ex-husband, Vladimir, becomes embroiled in another financial scandal and commits suicide by chloroform. Sofya is devastated, and in the months before moving to Sweden, she tries to starve herself to death.


Kovalevskaya suffers awful bouts of depression for years after that, made worse by the overwhelming grief she feels when her beloved sister dies after a horrible illness. This weighs heavily on her for the next few years, and then she also dies a lonely death. At Christmastime in 1890, she travels to Italy, and on her way back to Sweden, she has a stopover in Denmark. But she arrives in the middle of the night and has none of the local Danish currency she needs to hire a porter, so she is forced to walk with her bags through the cold January rain. Back in Sweden, she develops pneumonia and dies a week later at age forty-one. Her brain is removed, weighed in autopsy, inspected, and judged to be “advanced” according to the unscientific methods of the time.


Newspapers in Stockholm run stories declaring that her brain is developed “in the highest degree” and “rich in convolutions, as might have been predicted, judging by her high intelligence.” Thus ironically, in death, Kovalevskaya finally receives the recognition for her brain that she deserves.
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The greatest legacy one can claim for Kovalevskaya’s short life is her trailblazing success in throwing open the doors of universities to women. Had she lived, she may have left an equally great legacy through her work. She is said to have had extraordinary talent and great potential. Her university in Stockholm makes that clear when, within six months of her conditional appointment, it gives her a full five-year contract. And when that expires, she receives a lifetime appointment.


More direct evidence of her brilliance shows when she enters a competition sponsored by the French Academy of Sciences for a prize called the Prix Bordin, which awards cash for the best solutions to challenging problems—though the problems are often so hard that they go unclaimed. In fact, in fifty years of offering the Prix Bordin, only ten have been awarded by 1888, when the academy announces a new challenge that Kovalevskaya enters.


The challenge in 1888 is to solve something called the “mathematical water nymph” or mermaid problem, a name reflecting its almost mythically elusive nature as well as its beauty. It’s surprisingly simple to picture but amazingly hard to solve: What are the equations describing the rotation of a heavy, rigid body around a fixed point—such as a pendulum or a gyroscope? For decades, some of the top mathematicians in Europe tried and failed to find solutions.


Some months after announcing the prize, the academy judges fifteen solutions, but only one is accepted—Kovalevskaya’s. Her solution is spectacular, offering not simply a suitable formula but a general framework for considering rotating rigid body problems. The work is so impressive that upon seeing it, the academy scales up the prize money from 3,000 to 5,000 francs. And then it unmasks the winner and award Kovalevskaya her prize. “The result was beyond what I had hoped,” she says.


Her legacy remains one of awkward taste and promise, however. She is noteworthy, for sure, but not transcendent. Had she lived, would we have seen more of the same brilliance she showed with the mathematical water nymph? Sadly, we will never know.


GOD’S GIFT TO MATHEMATICS


The final thing that happens in 1883 that puts the taste of the coming Great Math War on the tongue involves a German mathematician named Georg Ferdinand Ludwig Philipp Cantor. In 1883, he finishes his monograph Grundlagen einer allgemeinen Mannigfaltigkeitslehre (Foundations of a General Theory of Sets). It’s a major milestone for him, marking the fact that his life’s work is now almost complete.


Finishing Grundlagen in 1883, Cantor hopes, isn’t just the launch of a book but the end of a chapter. The book describes in detail what he calls set theory—a basic framework he formulates for mathematics based on the concept of sets. Modern experts consider it one of the most successful advances in the history of science. “It introduced an entirely new field of inquiry to mathematics,” Cantor’s biographer, the American historian Joseph Warren Dauben writes. But Cantor’s success is a Pyrrhic victory: “One which promised new gains, while carrying with it the hidden seeds of trouble yet to come,” Dauben says.


That’s hardly surprising when you think of what set theory represents. Sets are collections of objects with associated rules that define which objects belong to a particular set. Think of all the workers on a job site. All the hammers in Home Depot. Or all the nails in a coffin. “Many, which can be thought of as one,” Cantor once says, describing sets. “A totality of definite elements that can be combined into a whole by a law.”


That all seems reasonable, but the trouble comes when you consider larger and larger sets. In 1883, Cantor’s set theory, especially his work in infinite sets, is controversial. For the five years leading up to 1883, Cantor’s ideas have been subject to criticism, partly because they are so original. Set theory allows mathematicians to revisit, revise, and reinforce the fundamental concept of numbers in a way that has been called the most radical extension of arithmetic since its beginning. But that’s not all. Cantor dares to defy convention by dealing with the concept of infinity, treating infinite sets as just another type of mathematical object. That is radical. And anytime you lick infinity, you are bound to taste both bitter notes as well as sweet ones.
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For thousands of years leading up to 1883, infinity belonged more to the realm of philosophy than to math. With set theory, Cantor takes on infinity and forever redefines it. And he makes no secret of the source from which he drinks his knowledge. He compares himself to Euclid and Archimedes and claims, with unwavering conviction, that he is divinely inspired. “I am only an instrument of a higher power, which will continue to work long after me,” he writes to Mittag-Leffler in 1883, just as the latter is welcoming Sofya Kovalevskaya to Stockholm.


There’s almost no way to view Cantor’s life as anything but tragic—or rather as a long series of tragedies. Like most great tragedies, it begins in his childhood. Cantor’s mother came from a family of musicians, including one famed uncle who founded and directed a major music conservatory in Vienna. As a boy, Cantor was an outstanding violinist. Sonata. Glissando. Staccato. Spiccato—he gets it. He could have been a musician if only his father had let him. He was a promising artist as well, able to render gorgeous line drawings of objects and animals (although only one piece survives: an impressive pencil sketch of a dog curled up and resting against a tree that has a slightly Salvador Dalí feel to it).
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