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            The nature of the universe, which holds

the center still and moves all else around it,

begins here as if from its turning- post.

This heaven has no other where than this:

the mind of God, in which are kindled both

the love that turns it and the force it rains.

            — Dante, Paradiso (1320)

            
                

            

            Enchanted by its rigor, humanity has forgotten, and

continues to forget, that it is the rigor of chess masters,

not of angels.

            — Jorge Luis Borges,

“Tlön, Uqbar, Orbis Tertius” (1940)
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            Introduction: Where Did It Go?

         

         Shortly before 10:00 on the evening of May 21, 1927, a plane dropped out of the clouds northwest of Paris. After flying over the city and twice circling the Eiffel Tower, it headed northeast toward the normally sleepy airfield at Le Bourget. No one could have been more surprised than the plane’s single pilot, an unknown American who looked more boyish than his twenty-five years, to see the teeming crowds awaiting him. When he landed his plane at 10:32 that night, the young man had been flying for more than thirty-three hours. By the time he fell asleep early the next morning—after fighting free from the crowds that pulled him from his plane, talking to the crush of international press that had gathered to cover his unprecedented feat, and taking a hot bath at the ambassador’s residence in Paris—he had been awake for more than sixty hours.1

         By becoming the first human being to fly alone across the Atlantic, Charles Lindbergh went from an unassuming postal pilot to the world’s most famous person—literally overnight. His accomplishment was an example of extraordinary skill and courage, one that xiimany others had failed to achieve in the years and months before, often perishing in the process. But the crowds at Le Bourget, and later in New York, and indeed everywhere Lindbergh would go from then on, weren’t just celebrating one man’s exploit.

         For underlying Lindbergh’s undeniable skill—his flawless navigation alone and at night; his constant adjustment of altitude; his nerve-racking battle with fatigue—was a magnificent edifice of science and engineering that had just propelled a single human being in little more than a day across a distance that had previously required weeks and even months. This was an extension of the stunning human capacity for knowledge that had in recent centuries navigated the globe and built the railroads and would eventually place a man on the moon. A triumph of engineering, to be sure, but also of the laws of motion that Sir Isaac Newton had put to paper more than two hundred years earlier, and that had been powering humanity’s remarkable progress ever since. For in tracing that path from Roosevelt Field in New York to Le Bourget, Charles Lindbergh had moved a greater distance in a shorter time than any human in history. Little could he know that barely a thousand kilometers from the airport where he landed that evening, the very idea of what it means for an object to move through space was being turned on its head forever.

         
             

         

         as lindbergh was making his historic flight, another young man was being driven to distraction in a quiet dwelling in Copenhagen. That was where the Danish physicist and Nobel laureate Niels Bohr waged a daily war of attrition against his twenty-five-year-old German assistant, Werner Heisenberg, dismantling the young man’s most recent paper in a relentless series of bombardments.

         While not yet the full professor he would become later that year when he accepted the chair of theoretical physics at Leipzig, Heisenberg had already laid the groundwork two years prior for what would be formalized by the end of 1927 as quantum mechanics—a xiiimathematical model of hair-curling complexity whose power is such that it continues to hold today, almost a hundred years and at least that many profound discoveries later. Heisenberg would himself win the Nobel Prize five years later for one of the two watershed papers he had written as a twenty-three-year-old. But the current battles with Bohr were about a new discovery, one that would shake the foundations of science and thought and be forever attached to Heisenberg’s name.

         The debate revolved around the ultimate nature of reality. Classical physics had always assumed that objects followed the same laws of motion no matter their size. However, in 1913, Bohr had demonstrated that inside the atom electrons behaved rather differently than macroscopic objects, in that they occupied distinct orbits around the nucleus and appeared to “jump” from one to the other.2 The problem was this: If I jump from one step to another on my stairs, everyone will grant that I continue to exist along the way. Paradoxically, however, electrons show up in their new orbit without seeming to have traveled in between. Moreover, they seem not even to exist until they are detected, at which point they “decide” where they have been all along. It was as if Charles Lindbergh didn’t exist while crossing the Atlantic, and only came back into being when he was sighted over France.

         
             

         

         on a saturday afternoon of the previous year, a deliriously happy young poet arrived at a party in Buenos Aires. Erudite, foppish, and timid, Jorge Luis Borges, known as Georgie to his friends, was attending a birthday luncheon for a fellow writer at the boating pond in Palermo Park. The source of Borges’s delight was on his arm that day, a rising novelist and poet of Scandinavian descent named Norah Lange.

         It had been a good year for Borges. The Buenos Aires literary scene was starting to pull back from its sycophantic adulation of the European avant-garde, whose once risqué leaders were wealthy, xivsettled, and now far more likely to be feted and pampered by the bourgeoisie than to shock them. This shift favored Borges, whose poetry at the time tended toward the romantic and locally flavored. While thoroughly cosmopolitan, his tastes were anchored in Argentina to the point where he and his literary compatriots would shower disdain on the musicians who dared to play faddish new forms of tango at the famed Café Tortoni.

         In this group of friends Norah Lange shone like a lodestar. As one of the companions would later recount, deep into a night of drinking they would slip out to the corner bar “with the goddesses of that Wagnerian paradise.” Upon returning, “Norah, she of the long flaming hair, would regain her throne and scepter, extend both hands to silence the uproar, and proceed to recite … , her poems never failing to calm the storm and induce a sunrise of the purest emotion.”3 Indeed, in some of those poems we can sense her ardor for her lover and mentor Borges, which she likens to the “dew drawn to a freshly opened rose.”4

         Borges, for his part, felt alive like never before. And his writing reflected that. The words of a poet, of any writer, had to amount to a fusion of souls, imparting the truths of one’s innermost experience; writing was to be “a full confession of the self.”5 Even under a fictional facade, the author’s autobiographical substance would be “like a heart beating in the depths.”6 Indeed, it would be fair to say that the relationship with Norah had provoked some uncharacteristic writing on Borges’s part. Carlos Mastronardi, a fellow writer and friend, would later recall that for one of the few times in his life Borges seemed to have little desire to be anyone other than himself. As Borges wrote at the time in an essay with the distinctly un-Borgesian title “Writing Happiness,” he couldn’t imagine “the negation of all consciousness, of all sensation, of all differentiation in time or space.”7 Mastronardi’s surprise was justified. His friend had a well-deserved reputation for morbid obsessions and had publicly mused that a human being’s sense of consciousness xvand identity over time was little else than a desperate illusion veiling an existential void.

         Sadly, for Borges, if not for literary posterity, this reverie was not to last. On that spring afternoon at the party beside the lake, Norah shared a table with another writer, Oliverio Girondo, whose ease at conversation and charm with women contrasted starkly with Borges’s own awkward demeanor. As they chatted and drank, a tipsy Norah upset a bottle of red wine. Oliverio, never at a loss for words, leaned in and quipped, “Blood will flow between us.”8 The woman who came on Georgie’s arm was soon dancing with Oliverio. She would leave with him as well.

         
             

         

         immanuel kant was obsessed with his bowels. During the summer of 1776, when elsewhere revolution was in the air, Kant couldn’t take a shit. A hypochondriacal bachelor in his early fifties and an established professor at the local university, he was in most respects entirely healthy. Indeed, he would live for another twenty-eight years, far longer than most of his friends and colleagues. Still, Kant’s digestive worries were a matter of great consequence. As he took his daily walks that summer, he had yet to publish a single one of the seminal works that would later earn his place as the founder of modern philosophy. His inability to get his gut in order was causing him to have confused thoughts—a considerable obstacle for someone aiming to put philosophy’s house in order. Finally published five years later, those thoughts would be complicated enough for those who would endeavor to read them, but in his current state of distraction Kant could barely make sense of them himself.

         Not that Kant wished his philosophy to be abstruse. Unlike some traditionalists who railed against the idea that the human mind should be planted with more ideas than those needed for each person to become adept at his or her calling, Kant believed in the democratic diffusion of knowledge. That same year the conservative xvithinker J. G. Schlosser wrote, “Why do you castrate oxen and colts when you prepare them for the yoke and the cart, yet wish to develop the totality of human powers in men similarly condemned to the yoke and the cart?”9 Kant wholly and passionately opposed such prejudice. To deprive a human being, any human being, of the opportunity to cultivate his or her own mind was to undermine the free use of reason that Kant believed an essential part of being human. To achieve that universality, though, Kant’s own philosophy would require both clarity and precision. Already the lecture he gave on the occasion of attaining the rank of magister years earlier had been titled “Of the Easier and More Thorough Presentation of Philosophy”—evidence of his conviction that education should be universally accessible, yes, but also a source of irritation to the generations since who have naturally found Kant’s major philosophical works to be rather tough going.

         It was the first of those works, published in the summer of 1781, that would lay the groundwork for all philosophy to come. The volume in question, the famed Critique of Pure Reason, is a doorstop of a book. As Kant’s fellow philosopher and frequent correspondent Johann Georg Hamann remarked upon receiving the proofs, “Such a fat book is neither fitting for the author’s stature nor for the concept of pure reason, which he opposes to such lazy-assed reason as my own.”10 But in its impressive heft Kant had distilled several decades of thinking about the very limits of human knowledge and, specifically, how a failure to recognize and take account of those limits would produce mind-boggling paradoxes, paradoxes that had been bewildering human beings for millennia.

         
             

         

         the middle-class son of a classics professor, Heisenberg excelled at pretty much everything. Athletic, a committed scout and outdoorsman, and a talented pianist, he could have chosen any number of academic or artistic paths. But of all his talents, Heisenberg xviishowed a particular aptitude for math. At sixteen he was already tutoring local university students in the subject. And it was his prowess with a pencil and an iconoclastic attitude toward long-accepted certainties that led to his first landmark: a backbreaking latticework of calculations able to account for the strange disappearances and reappearances of fundamental particles.

         To Heisenberg’s chagrin, in the year after he published his groundbreaking paper laying the cornerstone of quantum mechanics, an older, more established physicist published a theory he called wave mechanics. For the theorists who were wrestling with the herculean “matrix algebra” Heisenberg’s approach required, the urbane Erwin Schrödinger’s elegant and relatively simply calculations were a relief. Even Heisenberg had to admit Schrödinger’s equation was easier to work with. To Heisenberg’s great annoyance, however, Schrödinger wasn’t willing to let the math stand on its own. Instead, he insisted on using the language of classical physics to try to visualize what was going on at the quantum level.

         Brash and headstrong, Heisenberg averred that quantum mechanics constituted an entirely new physical model; if its conclusions seemed strange or even paradoxical, so be it. Schrödinger would have none of this. He believed his elegant equation described real, physical waves and that electrons, photons, and other particle-like manifestations of matter or energy appeared like frothy wave caps on a tumultuous sea. If we don’t know exactly when and where such a cap will present itself, that’s merely because we can’t see sharply enough to make out the water beneath the surface, not because the wave isn’t there.

         Both Heisenberg and Niels Bohr disagreed, believing quantum discontinuity was real. But where Heisenberg was ready to jettison the continuous model of classical physics altogether, Bohr wanted to hold on to it and find a way to make the two modes communicate. This was the source of their arguments from late 1926 into the spring of 1927. In fact, the strife got so intense that in February, Bohr xviiiand his wife decided to go skiing. Without Heisenberg. It was during those weeks of relative solitude that Werner had his breakthrough.

         
             

         

         back in buenos aires, Borges nursed his broken heart. The months since Norah rejected him had been one long onslaught of recurrent humiliations. Oliverio had decamped for Europe, leaving behind a love-struck Norah and luring Borges with desperate hopes of reconciliation. But his almost daily attempts to call on Norah, which play out in a roman à clef she published less than a year later, served only to remind him how cold her heart had turned to the man for whom she had once written the most impassioned poems.

         Norah dealt Borges a fatal blow on a late April day, in the form of a review she published of his latest book of poems with the icy title “Thinking of Jorge Luis Borges in Something That Does Not Quite Manage to Be a Poem.”11 The despair that ensued waxed philosophical. Where before the final rupture Borges had rhapsodized about the confessional transparency of writing, the bond it could fuse between two lovers, he now sounded his first notes of skepticism. Far from a medium of communion between two souls, language had become a “hemisphere of lies and shadows,” the “fickle and contingent” meaning of words constituting “the general tragedy of all writing.”12 He now believed the promise of transcending the fundamental opacity of words was but a fantasy, a power only angels possessed, forever denied to those he termed “never-angels,” the ultimate and irreducible status of mortals.13

         The loss of his beloved changed Borges. Soon he would publish his last poem for many years, during which time he would turn almost exclusively to the short-form fiction and essays that would earn him his place in history. It would be more than thirty years before Jorge Luis Borges would be snatched from the relative obscurity of Buenos Aires by receiving, along with Samuel Beckett, the 1961 International Publishers’ Prize, in an instant transforming a depressive Argentine nebbish into one of the world’s most lionized xixand influential writers. For now, however, he snapped out of his temporary reveries and returned to a more potent suspicion that the self’s experience of permanence and solidity in time and space was illusory.

         In short, he started thinking about tortoises.

         
             

         

         in the months prior to Heisenberg’s stay at Bohr’s house in Copenhagen, physicists had been aware of a nagging problem. It seemed that their models could home in on the location of a particle quite well; they could also describe its momentum with impressive accuracy. Maddeningly, however, they didn’t seem able to do both. As Heisenberg’s friend and colleague Wolfgang Pauli put it, it was as if one of your eyes could see a particle’s momentum and the other could see its position, “but if you open both eyes at the same time you will go crazy.”14

         One cold winter evening while the Bohrs were away skiing, Heisenberg took a walk in a park not far from their house. It was on this walk that he came upon his solution: the image of a discrete object moving through time and space that had been so successful for classical physics—indeed, that would manifest itself in Lindbergh’s famous flight later that very spring—simply didn’t apply to the behavior of reality at the quantum level. It wasn’t merely that the physicist isn’t able to see a particle’s position and momentum at the same time; astoundingly, the particle doesn’t have a momentum and a position in any meaningful sense until the physicist decides to measure one or the other.

         Werner knew he was onto something. But he was sure Bohr would have objections, and he desperately wanted to get his ideas out into the world. After a rapid correspondence with Pauli, who reacted enthusiastically, Heisenberg took advantage of his mentor’s absence and feverishly wrote an article he submitted on March 22 to Germany’s leading journal of physics. A few weeks later he wrote a summary for nonspecialists in which he explained that quantum xxphenomena required us to put aside Newtonian mechanics. When it comes to quanta he wrote, “the more precisely we determine the position, the more imprecise is the determination of velocity.”15

         This fact had profound consequences for the most basic assumptions of the classical scientific worldview. Since Newton had exposited the laws of motion, scientists had accepted the notion proposed most famously by the French mathematician Pierre-Simon Laplace, that perfect knowledge of an object’s position and momentum and the forces acting on it in the present will yield perfect knowledge of all its future permutations. Heisenberg’s discovery put this determinism to rest. As he put it,“In the strict formulation of causal law—if we know the present, we can calculate the future—it is not the conclusion that is wrong but the premise.”16 The uncertainty principle, as it came to be known, showed with inescapable, mathematical precision that such full knowledge of the present moment wasn’t just hard to pin down; it was actually impossible.

         
             

         

         the tortoises that populated Borges’s imagination were twenty-five hundred years old. One afternoon in Athens, a young philosopher named Socrates came to the Agora to meet a venerable thinker, Parmenides, who was visiting from the far-off land of Elea. Parmenides had brought with him a tall, handsome acolyte named Zeno. Zeno had become known for a brief book he had written to demolish all those who would seek to oppose Parmenides’s doctrines. Motion, he argued, was an illusion. To demonstrate his point, he told a fanciful parable about the great warrior Achilles facing a tortoise in a foot race. The gist of the story was that as long as the tortoise had a head start to begin with, Achilles could never catch up. That’s because to cross any distance at all, Achilles would first have to cross some fraction of it, and then a fraction of the remaining distance, and so on. A bit like making a cookie last forever by only ever eating half of what remains, even though the distances Achilles would have to cross would grow infinitely smaller, there was also no xxilimit to how many of such distances he would have to cross. Ergo, Zeno concluded, Achilles could never catch up.

         Shortly after losing Norah Lange, Borges had become fascinated with Zeno’s paradox.

         He reviewed the history of “solutions” to the problem, ultimately concluding that most of them were simply expositions rather than refutations. Where the great John Stuart Mill had pointed out that while Achilles may indeed run forever, that “eternity will not see the end of twelve seconds,” Borges dryly countered, “That methodical dissolution, that boundless descent into more and more minute precipices, is not really hostile to the problem; imagining it is the problem.”17 It is we who create the problem, Borges realized, by the very way we imagine the race. We attribute to Achilles and to the tortoise (as we do to ourselves and indeed to all objects) a persistence in time and space. When we slice time and space into the infinitesimal chunks that Achilles and the tortoise have to cross, we simultaneously impose on them and their experience a fabricated continuity of our own design. We imagine, in other words, a continuous movement between and beneath our measurements of their progress.

         The paradox of Zeno, Borges wrote,“is an attempt upon not only the reality of space but the more invulnerable and sheer reality of time … [E]xistence in a physical body, immobile permanence, the flow of an afternoon in life, are challenged by such an adventure.”18 Like Heisenberg working feverishly on the other side of the world, as he explored the limits of perception, Borges peered into the abyss of an apparent paradox. And like Heisenberg, instead of shying away from this paradox, he chose to reexamine his most basic assumptions about time, space, and causality.

         For the rest of his long and vibrant career, Borges would remain haunted by the flow of an afternoon in life, an afternoon when his beloved’s gaze turned elsewhere, and he lost faith in the persistence of his own being in space and time. Over decades, Borges would obsessively conjure characters whose special abilities and most xxiiurgent desires reveal for them a paradoxical disconnect between knowledge and the world.

         The greatest wizard, Borges speculated, would be the one whose spell is so convincing that he could fool even himself into believing its appearances were real. “Would this not be our case?” he asks.19 And then adds, “We (the undivided divinity operating within us) have dreamt the world. We have dreamt it as firm, mysterious, visible, ubiquitous in space and durable in time; but in its architecture we have allowed tenuous and eternal crevices of unreason which tell us it is false.” Where do we find those crevices of unreason? Borges leaves one further clue as to the hidden protagonist of the adventure challenging our notions of time and space: “Let us admit what all idealists admit: the hallucinatory nature of the world. Let us do what no idealist has done: seek unrealities which confirm that nature. We shall find them, I believe, in the antinomies of Kant.”20

         
             

         

         the stated purpose of the colossus that Hamann received in 1781 was to put science on a sure footing. That footing had, for Kant, been shaken by the writings of a gloomy Scot by the name of David Hume, whom Kant credited with having “interrupted my dogmatic slumber.”21 (Indeed, a professor of mine once complained that the worst thing Hume ever did was awaken Kant and thus subject posterity to having to read him.) According to Hume, absolutely everything we know about the world comes from our senses. Not only does this mean we can easily be wrong about what we think we know; even worse, we have no basis to suppose that such “certainties” as Isaac Newton’s laws of motion are anything other than habits we’ve acquired through repeated exposure to similar impressions.

         This notion troubled Kant. If it were true, it would upend his faith in the universality of reason, the very basis for our claim to derive scientific laws that explain the world around us. Every attempt to say something true about the world would have no more validity than a subjective assertion. And if objective truth about the world were xxiiilost, there could be no basis for arbitrating disputes about morality or, much less, taste. Soon after reading Hume, Kant believed he had discovered a way forward. But more than a decade would pass from the first fits and starts of his thinking to the morning of July 22, 1781, when the printed and bound Critique of Pure Reason would land with a propitious thud on Hamann’s breakfast table.

         What Kant managed to work out in his Critique is something so profound that few people fully grasp its implications even today. Hume and pretty much everyone else had made an unwarranted assumption about what goes on when we perceive something. That assumption is that we are correct in visualizing reality in itself as being consistent with our image of it. But our perceptions, Kant realized, aren’t things in the world; rather, they are versions of those things that we construct in our minds by shaping them in space and time. When we imagine the world as being identical to our conception of it—when we assume, specifically, that space and time are fundamentally real—our reason becomes faulty, and science responds with paradox.

         Kant didn’t stop there. In the second half of the book he went on to describe in detail the kinds of paradoxes that pop up when we fail to make this distinction and mistakenly assume that time and space are inherent to the world. He called one class of these errors antinomies—those crevices of unreason that Borges credited with confirming the hallucinatory nature of the world. Specifically, Kant wrote, we can picture reality as being consistent and continuous, or as being broken into discrete chunks, and we can make perfectly logical and coherent arguments supporting both conclusions even though those conclusions explicitly contradict each other. This happens because we assume something about reality that only comes into play when we observe it.

         
             

         

         heisenberg was convinced it made no sense to think of particles having position or momentum prior to observing one or the other. xxivHe also believed he knew why. A particle’s trajectory, the course it runs, didn’t come into being until it was realized by the act of measuring it. What we know to be the case for Lindbergh, that he continued to exist after leaving Nova Scotia and before appearing again in the skies over Paris, and that he took a specific path to get there, simply is not the case for reality at its smallest levels. Heisenberg wrote to Wolfgang Pauli of his mind-bending discovery in words that would go on to shake the foundations of modern science: the path a particle takes “only comes into existence through this, that we observe it.”22

         Like Borges’s wizard, when we observe the world, we make a map or mental picture of it. And we make that map ubiquitous in space and durable in time. But there are fundamental flaws in the image we create of the world, those that Kant termed antinomies. Like an imperfection in an otherwise flawless gemstone, it would be a mistake to try to eradicate them. For the flaws are inseparable from knowledge itself.

         On a walk together in 1926, a venerated older scientist pressed the younger Heisenberg on the weakness he saw disqualifying his approach—that he was jettisoning our long-held belief in the independence of reality from our observations of it. Heisenberg pushed back. Had not the renowned professor himself come up with his own epochal discovery by overturning our most basic assumptions about time and space?

         “Possibly I did,” Albert Einstein grudgingly conceded, “but it is nonsense all the same.”23

         
             

         

         one of the great tools humans have developed since the rise of modernity is science. At its core science is a way of looking at the world that foregrounds intellectual humility. It refuses on principle to know more than it can know at any given time. But even the greatest scientists aren’t immune to projecting their prejudices on the world. Einstein—a man so brilliant that even his self-proclaimed xxvblunders have an irritating propensity to turn out true—also had a tendency, especially in his later years, to lecture his fellow physicists in religious terms about what they should expect to discover about the ultimate nature of reality. In fact, his now famous quips about God being subtle but not malicious, or “the Old One” not throwing dice, finally led an exasperated Niels Bohr to beg the great man to “stop telling God what to do.”24

         For all their profound differences, Jorge Luis Borges, Immanuel Kant, and Werner Heisenberg shared an uncommon immunity to the temptation to think they knew God’s secret plan. Each in his own way resisted the urge to project essential aspects of how human beings experience reality onto reality itself, independent of how we know it. Indeed, Heisenberg’s disruption of classical physics had its roots in an iconoclastic countercurrent to a powerful human tendency to conjure the ultimate nature of reality in our imagination, and then go out and discover it. There is indeed rigor in the world, as Borges famously wrote, but “humanity has forgotten, and continues to forget, that it is the rigor of chess masters, not of angels.”25

         Knowledge is man-made, our own way of making sense of a reality whose ultimate nature may not conform to our conceptions of it. Is the saturated red of a Vermeer part of that ultimate reality? The soft fuzz of a peach’s skin? The exalted crescendo of a Beethoven symphony? If we can grasp that such powerful experiences require the active engagement of observers and listeners, is it not possible, likely even, that the other phenomena we encounter have a similar origin? When we do the opposite, we forget the role we have in creating our own reality.

         In their lives, struggles, and obsessions, Borges, Heisenberg, and Kant pushed far enough against the limits of imagination, observation, and thought to unearth the antinomies engendered by that forgetting. This book is divided into four sections, each of which revolves around one of those antinomies: Are space and time infinitely divisible, or are they composed of indivisible chunks? Is there something like a supreme and unconditional being, or is everything xxviin existence conditioned and affected by something else? Is there a spatial or temporal edge to the universe, or does it extend infinitely with no beginning or border? Are we free to choose our path in life, or is our every choice determined by the physical world we live in?26

         The sections in turn contain three chapters, each of which focuses primarily on one of our protagonists, the influences that were decisive for him, how he grappled with that antinomy in the realm of science, literature, or philosophy, and how that struggle ultimately paved the path toward his understanding of how knowledge structures reality. Thus our story opens, however improbably, with a Russian journalist who discovers he has a gift that is also a curse: a near-perfect memory. We then join Borges as he, prodded by the desire to recover the receding moments of bliss of a shattered romance, probes the paradoxes of what memory and perception entail. Using fiction to file away at the imperfections of human knowledge, he imagines a character who can perceive and remember everything, perfectly, with no gap in space or loss in time. In so doing he reveals the very insight that ignited Kant’s revolution in thought: an observation of the world can never be perfectly of the world; it always requires something else, the insertion of a minimal distance that permits it to become knowledge in the first place.

         In the chapters that ensue, we delve into the realm of the impossibly small; we stretch our minds to encompass everything at once; we travel to the beginning of time and the edge of existence; and we search for an iota of freedom in the mechanistic chain of nature. As we make this journey, we will be rocked by the astonishing implications that these thinkers’ collective discoveries had for our conceptions of beauty, science, and what we owe to each other in the brief time given to us in this universe.

         In telling the stories of Borges, Kant, and Heisenberg, this book also tells the story of those before them who caught a glimpse of the truth, who unearthed the tenuous and eternal crevices of unreason underlying our picture of the real. It tells a cautionary tale about the xxviidanger of assuming reality must conform to the image we construct of it, and the damage that our fidelity to such a seductive ideal can wreak. Most of all, it sings an ode to the boundless potential of our knowledge, once we have worked ourselves free from the blinders imposed by imagined perfection.xxviii
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            STANDING ON A SLIVER OF TIME
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            1

            Unforgettable

         

         It was only midmorning on April 13, 1929, but Solomon Shereshevsky was already having a bad day. The journalist had just attended the daily editorial meeting of his Moscow newspaper when his section editor called him into his office. What was Shereshevsky playing at? his agitated superior asked him. Why did he just stare at the editor while he ran over the day’s stories? Was he too full of himself to take notes like all the other reporters?

         Nonplussed, Shereshevsky explained that he didn’t need to take notes, because he remembered everything the editor said. Then he proceeded to recite the entire meeting back to him. Verbatim.

         By that afternoon Shereshevsky found himself amid a gaggle of psychiatrists at the Academy of Communist Education, among whom was a young doctor, Alexander Luria. Luria took on the task of testing Shereshevsky’s memory, which he did by reading him increasingly long lists of random words and numbers and asking him to recall them. By the end of the day Luria had to admit that the capacity of Shereshevsky’s memory “had no distinct limits.”1

         As Shereshevsky would later recount, until that day he had 4no idea his abilities were anything other than normal. When he returned to work, he delivered to his editor the verdict of the state’s psychiatric experts: his memory exceeded “the bounds of what was believed to be physically possible.” His editor promptly advised him to change careers. So Shereshevsky found a circus trainer to manage him and began booking shows around the country as a mnemonist.2

         Despite his natural talent, Shereshevsky had to work hard at his new career, and he developed techniques to push his capacity ever further. To be able to recite back the lists of numbers, random words, poems in foreign languages, and even nonsensical syllables that audience members would call out to him, he landed on the strategy of picturing them drawn on a chalkboard. When it came time to recall the lists, he would return to this mental chalkboard and simply read from it out loud. To his horror he soon discovered that the very indelibility of his memory could interfere with his performance. Closing his eyes and finding his way back to the board on which he had arranged the sounds and images, he might instead come upon the board from an earlier performance and read back that list. To counteract this danger, he found he had to mentally erase or otherwise destroy the writing on his mental board. In short, to remember better, he had to learn to forget.

         This interference didn’t wane with time. Luria, who continued to study Shereshevsky for decades, discovered he could flawlessly recall lists Luria had used to test him fifteen years prior. In fact, Shereshevsky waged an almost constant war against the images and associations from the past that threatened to flood his every waking moment.

         It wasn’t just memories that menaced his perception of the present. Shereshevsky suffered from synesthesia, sensory crossover. A sound of a certain pitch might produce a coppery taste on his tongue; numbers appeared as specific figures with rich, unchanging characteristics. For most of us, 87 is a number, say, of pages read or years lived; Shereshevsky saw it as “a fat woman and a man 5twirling his mustache.”3 He experienced numerals, in other words, as individuals, not instances of a general system. He once exerted intense effort to memorize a vast table of numeric sequences, failing to notice that it followed a rule of such simplicity that a child could reproduce it ad infinitum, because each line simply started with a higher integer than the previous one.

         For Luria it soon became clear that Shereshevsky’s remarkable ability came with an equal disability. He lived in a world of particulars, “rich in imagery, thematic elaboration, and affect,” but also “peculiarly lacking in one important feature: the capacity to convert encounters with the particular into instances of the general.”4 To understand the intended meaning of a normal sentence, Shereshevsky had to overcome his sensual experience of how a word sounded here and now; he had to forget his immersion in the present and connect to a different moment in space and time, an endeavor that would at times prove impossible.

         In truth, he struggled mightily with the very aspect of language that makes it function in human communication and knowledge. Even our most common expressions contain words that we use figuratively, or that have different meanings in different situations. A nightmare for Shereshevsky. The simple act of “catching a cab” would present him with a barrage of possible interpretations to contend with. As he would later explain to Luria, the word ekipazh means “cab,” but it also means “the crew of a ship.” To understand the one meaning, he had to “picture for myself not just a driver … in the cab but an entire staff manning it. That’s the only way I can make sense of it.”5 Living in a world of particulars, being constantly bathed in the immediate, makes communication a difficult affair. Language loses its ability to connect two disparate agents, to translate the experience of the one into the context of the other. But more than just a stumbling block for understanding what others were saying to him, in Shereshevsky’s world, as the neuroscientist Jerome Bruner would later put it, “elements and features can be isolated, but 6a ‘whole’ or meaningful picture cannot be put together.”6 Indeed, it seems that the more perfect Shereshevsky’s extraordinary memory, the less he had a coherent self who could remember.

         For a brief time, Shereshevsky’s feats brought him fame and a sustainable existence. But even as stories of the man who couldn’t forget seeped into the outside world, life behind Stalin’s iron curtain was getting harder, especially for Jews like Luria and Shereshevsky. After the war, as Stalin consolidated his power through “anti-cosmopolitan” purges, Luria lost his position for a time and took to keeping a bag packed in case the authorities came for him in the night. Shereshevsky, who had refused to lend his talents to the secret police, found himself followed and harassed, his performances interrupted, and his career eventually ruined.7 Luria would regain his footing and become one of the preeminent neuropsychologists of the twentieth century, his analysis of Shereshevsky a profound influence for later scientists like Jerome Bruner and Oliver Sacks. Shereshevsky, for his part, learned another way of erasing or at least dampening the remembered and perceived sensorium that had become his prison house. He started drinking heavily and died in obscurity a few years later.

         
             

         

         on the spring day when Solomon Shereshevsky met Alexander Luria in Moscow, Jorge Luis Borges languished in a veritable winter of discontent in Buenos Aires. Still aching for Norah Lange, Borges experienced severe despondency and responded rashly. His long evening walks through Buenos Aires took a self-destructive turn as he deliberately ventured into barrios known for their villainy. One evening as he and two writer friends made their way through the alleys of a particularly sketchy neighborhood, the tapping of the cane Borges used to aid his ever-worsening eyesight caught the attention of some local thugs, who started to bait them. To the horror of his companions, rather than join them in fleeing, Borges turned to the 7men and showered them with insults, such that all three friends only narrowly escaped intact.8

         To make matters worse, while Borges slipped into an early decline, the source of his anguish had become nothing short of a literary rock star. The Buenos Aires imprint Tor had chosen ten titles from its list to release as the first ever paperbacks in Argentina. Banking on Norah Lange’s growing notoriety and the titillating premise of a young woman’s sexual awakening during a transatlantic crossing on a ship, its editor, Juan Carlos Torrendell, chose her most recent novel, 45 Days and 30 Sailors, to be one of them. Never one to miss an opportunity to put on a show, Oliverio Girondo threw a party in Norah’s honor that drew the crème de la crème of the literary establishment. Incidentally, the male attendees all dressed as sailors. Borges, naturally, did not attend.

         Who did attend, however, were two of the world’s most blazing literary lights: the Spanish poet Federico García Lorca and the Chilean Pablo Neruda, who would subsequently become, in the opinion of another writer, “the greatest poet of the twentieth century, in any language.”9 Norah became a fixture in a riotous literary scene led by Oliverio and his visiting friends Neruda and García Lorca, and often played the scandalous centerpiece of their hijinks—as when they commandeered a milk truck and drove it to one of the busiest intersections in Buenos Aires, where Norah ascended a policeman’s podium and stopped the traffic for an impromptu recital of one of Neruda’s most beloved poems.10

         For his part, Borges had lost the ability to write poetry. Poetry had required a faith he no longer could muster, a faith that human language enables a connection between two souls that would amount to the creation of a unity, a single identity between them. Never mind joining souls; now Borges began to question whether even the connections we posit between two observed events—the touch of a hand, the blush of a cheek—had basis in any reality other than his own mind. And if such observations amounted to little 8more than ephemeral impressions, appearing for an instant, only to be lost forever in the river of time, not only could language not connect people; he questioned if it made sense to believe a person even existed on its sending or receiving end. No soul, no mind, no self at all.

         In a last desperate plea, Borges dedicated his next book, A Universal History of Infamy, to Norah, offering her “that kernel of myself that I have saved, somehow—the central heart that deals not in words, traffics not with dreams and is untouched by time, by joy, by adversities.”11 Borges, it seems, was rapidly convincing himself that, far from a kernel untouched by time, his sense of self was a mere illusion, a sliver of nostalgia slowly drowning in a sea of evidence auguring for the “nothingness of personality.” He had claimed as much in an essay he wrote with that very title as a twenty-two-year-old, in which he already began tugging at the stitching that keeps our belief in a coherent self from unraveling into ephemeral and disconnected memories. When we imagine ourselves to be a consistent self enduring in time, Borges mused, perhaps we are merely beguiled by the fact that some of our experiences seem to “occur again in an imprecise way.”12

         Memory, the twenty-two-year-old Borges had ventured, forms the core of selfhood, but memory merely concatenates a series of impressions that evoke one another. The fantasia of his obsession with Norah Lange had, for a time, banished this threat and replaced it with the idea of a self that endures over time. Now disabused of that hope, an older Borges, “a rueful and abandoned man,” would again start to see the notion of a coherent self as little more than a mirage conjured when, “in a state of passion, our memory inclines to the intemporal.”13 And yet, even if that self amounted to nothing, how he longed to hold on to its fragments, memories of lost attachments that could only bring him pain.

         The first essay he published after accepting the finality of his breakup with Norah dealt with the subject of hell. Tellingly, he omitted any iconic images of physical torment. Instead, he recounted a 9dream in which he no longer understood who or where he was: “I was filled with fear. I thought: this disconsolate wakefulness already is hell, the pointless wakefulness will be my eternity.”14 When he later read Dante’s Divine Comedy and declared it “perhaps the highest work of literature, of all literatures,”15 Borges felt the Italian poet had intentionally left “a splinter of Hell stuck in the heart of Paradise.”16 In what Borges would call “the most moving verses ever achieved,” Dante imagines his beloved Beatrice smiling at him one last time before turning away to be absorbed into the eternally ecstatic contemplation of God that is reserved for the blessed.

         In contrast to a paradise that promised the subsumption of the individual into the timeless unity of the divine mind, Borges found aspects of Dante’s hell improbably attractive. For if you enter the inferno, at the very least you are there, feeling and remembering the whole time. The famously beautiful image of the illicit lovers Paolo and Francesca, whose lawless desire damned them to being buffeted about for eternity in a whirlwind together, struck Borges as rather less punitive than Beatrice’s obliteration as a distinct personality.17

         Attachment to a person or an object entails a relation sustained over time. And a relation to something sustained over time inevitably implies its possible loss. That coherence over time encapsulating the presence and the absence of an attachment is precisely what we call a self. As the Spanish philosopher and author Miguel de Unamuno had put it in Tragic Sense of Life, “I was never made to tremble by descriptions of hellfire, no matter how terrible, for I felt, always, that the idea of nothingness was much more terrifying than Hell.”18 Like Unamuno, Borges yearned for the personal attachments of love and friendship; he desired selfhood, even if selfhood could bring him only pain.

         What would it entail to have an attachment and never lose it? To remember something perfectly, not as past, but as still present? Take a scene from your past, a moment that has stuck in your mind. You may see a vague picture, the flash of a recognizable face; a snippet of dialogue plays in your ear. You also probably register an emotion: 10wistfulness, nostalgia. The scene may bring a smile to your face, or it may cause you to tear up. What you cannot do is re-create it perfectly, sensation by sensation.

         But what if you could? What if your brain were like a powerful video recorder that stored not only every visual impulse received by your retinas at every moment but also the timbre of every sound, texture of every touch, every last whiff of aroma, and each tingle on your taste buds? What if you could access such moments at will?

         Most of us would jump at the chance to revisit select moments in our past. Moments we look back on with longing now. When Odysseus and Penelope were reunited after their two-decade separation, Athena held back the long night and “likewise stayed the golden-throned Dawn,”19 so that they could retain a little longer the ephemeral sweetness of that incomparable pleasure. But as great as that gift was, how much greater would it be to relive the moment at will. To return, in five-sense Technicolor, to a few treasured minutes of pure bliss, the flow of an afternoon in life, before everything changed.

         But you can’t. The more precisely you relive the past, the less it is a past you remember, and the more it becomes the present, vanishing before your eyes as the present always does. A truly perfect replay would erase its very sense of being a replay altogether because it would erase the connection between moments of time that constitute the one remembering, the self. A perfect memory is impossible because it destroys the very self who remembers. Like for Unamuno, the hell that haunted Borges’s dreams was the prospect of losing that sense of self that provided the basis for all attachments, all memories. Even if the alternative was an eternity of pain.

         History of Eternity, the book Borges wrote in 1935, was published the following year. While in some ways a turning point in his intellectual development, it was a low ebb in his fortunes as a writer, selling only thirty-seven copies and garnering almost no critical attention at the time. Its themes and concerns, however, would give shape to the Borges to come. Less than a decade later Borges would publish to resounding success two sets of his stories as a combined 11volume under the simple title Fictions. The second group of six stories he called Artifices. And the opening story is about a man who loses his ability to forget.

         
             

         

         as a young man, Kant marveled at a prediction made by one of his professors, Martin Knutzen, that a comet that had last appeared in the skies above Königsberg in 1698 would reappear at a specific date. One evening in the icy winter of 1744, Knutzen invited Kant and some fellow students to his house to gaze through the mirror telescope he had made according to Sir Isaac Newton’s own design. There Kant could see with his own eyes the astonishing power of Newton’s theories as the telescope revealed the stunning tail of a comet splashed across the night sky. As it turned out, Knutzen’s numbers were off, and the comet of 1744 was not the same as that of 1698. But even this realization failed to dim Kant’s newborn enthusiasm for the ability of reason to grasp the laws that govern the cosmos.20

         Knutzen’s faith in the power of human knowledge to derive objective laws from observations followed largely in the footsteps of the seventeenth-century German polymath Gottfried Wilhelm Leibniz, who shares credit (or blame, if you happen to be a junior in high school) with Newton for creating calculus, and even invented the first mechanical calculator, a forebear of modern computers. For Leibniz and the rationalist schools that followed him, things appeared and behaved as they did because they were programmed to do so, and the programmer who determined their behavior was, naturally, God.

         For Leibniz’s adherents everything that exists and moves in the world does so because God has an idea of it existing and moving. Instead of wondering if Newton’s laws have objective truth and stand for all time and, if so, why they work the way they do, rationalists could have faith that those laws accurately described the interactions between all elements in space-time, because God controlled 12all movements for all time through what Leibniz called “preestablished harmony.” Every single item in creation just needed to follow its own preset path through space-time. When a comet comes back around in agreement with calculations made with Newton’s equations for gravity, we don’t need to account for the planets’ action on it. Indeed, the planets don’t need to communicate anything to the comet; each is just flowing along the path of its preestablished harmony.

         In 1770, Kant assumed the position of Full Professor of Logic and Metaphysics at the University of Königsberg. Though he had (by and large) toed the rationalist line of believing in a fundamental continuity between the way the world is in itself—the code of the world—and how it manifests itself to human senses, Kant had never been a party-line man. As he wrote about his method in a letter two years earlier to the famed poet and philosopher Johann Gottfried Herder, “With a deep indifference toward my own opinions as well as those of others, I often subvert the entire structure and consider it from several points of view in order to hit finally perhaps on the position from which I can hope to draw the system truthfully.”21 Upon assuming his professorship, Kant delivered an inaugural dissertation in Latin, as was customary. True to his word, he used the occasion to entirely subvert the structure.

         For the rationalists, space and time were fundamental parts of reality. Until as late as 1768, Kant accepted this premise.22 The inaugural dissertation hinted at Kant’s shake-up of this notion right from its title, On the Form and Principles of the Sensible and Intelligible World. In his lecture, Kant rejected the notion that our senses directly express an underlying set of divine ideas or instructions—that we can read the code of the world, as it were. In its place he now drew an airtight border between what we experience with our senses in space and time, on the one hand, and eternal truths and principles, on the other, which exist outside space and time and remain true despite what our senses tell us. 13

         In advancing this distinction, Kant did not, however, abandon the hope that we could derive objective truths about the causal connections between our perceptions, even as they remained subjective and variable. In other words, while we can only know what we learn through our senses, he still thought we could infer from our senses certain objective facts about the world, such as the relation between a cause and the effect that must follow that cause. But something happened in July 1771 that would decisively challenge that hope and lead Kant onto a new course of thought.

         That summer a local newspaper published an anonymous essay under the title “Night Thoughts of a Skeptic.” Based on its style and philosophical tone, many readers assumed that Kant’s friend and frequent correspondent Johann Georg Hamann had written it. In this brief text, a skeptical soliloquist pushes his inquiries to their most devastating conclusions. Not only is every single observation we make subject to the vagaries of our subjective condition, but also any principle we attempt to draw from them, such as the existence of an objective causal relation between them, “lies merely in ourselves” and is “nothing but a determination of the mind.”23 Thus, the writer concludes, “when we say we desire to know the ultimate and operating principle,” that is, when we attempt to grasp the objective reality underlying our observations, “we either contradict ourselves, or talk without a meaning.”24 There is no such thing as a law of nature; we are trapped forever in our subjective impressions, and believing otherwise is pure delusion.

         According to the insomniac skeptic’s provocations, both the spatial and temporal media in which all causal relations take place and the very fact of causality itself are nothing other than aspects of the subjective framework we use to make sense of the world. For Hamann, thinkers were going too far when they tried to expand knowledge with their reason alone. This philosophical hubris could only ever lead to error and despair. We need not more philosophical rigor but faith. Where human reason failed and had to fail, only 14faith could step back in and provide the grounds for our beliefs. Hamann had intended this text as a cautionary note. Moreover, he intended its message to be read by Kant.

         Kant did indeed read “Night Thoughts of a Skeptic” that summer. But he did not take the conclusion from it that Hamann had hoped he would. Rather than give up on the possibility of accessing some grounds for objective knowledge of the world, rather than agree that such knowledge had to give way to faith, Kant realized that he had not been radical enough in his analysis of what happens when we observe something—even if it would take him another decade (and almost nine hundred pages) to turn that realization into the “all-crushing” Critique of Pure Reason.25 At the same time, Kant realized something else. Hamann had not authored the morose essay that had awoken him from his slumber; he had translated it.“Night Thoughts of a Skeptic” was nothing other than the conclusion to David Hume’s Treatise of Human Nature. And in that great book, Hume had gone beyond questioning our ability to learn objective truths about causality to doubt even the existence of the self trying to grasp those truths.

         In his Treatise, Hume followed in the footsteps of René Descartes and plumbed the depths of what he could know. But instead of landing on the sure footing of “I think” as the great French thinker had, Hume encountered only baseless impressions: “When I enter most intimately into what I call myself, I always stumble on some particular perception or other, of heat or cold, light or shade, love or hatred, pain or pleasure. I never catch myself at any time without a perception, and never can observe anything but the perception.”26 Like Knutzen staring into the heavens and mistaking the comet he sees there for the one he expected to find, when we believe that our impressions belong to a self, we falsely project an expected unity on a disjointed and random series of impressions.

         Hume’s conviction that there was no substance connecting his disparate experiences, no res cogitans, or “thinking stuff,” as Descartes 15had memorably coined the self, left him, as he wrote, “in the most deplorable condition imaginable, inviron’d with the deepest darkness.”27 Like Borges and Unamuno, Hume had found his hell, not in the threat of eternal damnation, but in the suspicion that there was no damned self in the first place. But faced with the challenge of Hume’s hell, Kant discovered a profound truth about the self that Hume had overlooked—the very same truth Borges discovered when, a century and a half later, he used his newfound style of writing to push to its limits the very idea of what it means to know reality.

         
             

         

         while we have no proof that Borges read about Shereshevsky’s memory feats in the 1930s, we do know that he read ravenously and at times indiscriminately, and that stories about the mnemonist dazzling Russian audiences had circulated widely at the time. In any event, the similarities are remarkable. In Borges’s story, he recounts meeting a young man in the provinces named Ireneo Funes, already well known by his fellow villagers for his quirky ability to tell the exact time of day without ever checking a watch. When Borges returns to the town two years after encountering Ireneo, he learns that a terrible accident has befallen him. Ireneo fell from his horse and injured his head and is now confined to his house. Seeking him out on the outskirts of town, Borges finds the young man lying alone on his cot, smoking a cigarette at the far end of a dark room.

         The injury changed Funes in a remarkable way. Where before he evinced an unusual awareness of the passage of time, he now possesses a memory so perfect it seems to eradicate time. On his prior visit Borges had lent Funes a Latin dictionary and his copy of Pliny’s Naturalis historia. Now, as Borges steps into the dimly lit room, he hears Funes reciting by heart “the first paragraph of the twenty-fourth chapter of the seventh book of Pliny’s Naturalis historia,” the subject of which is memory. But more than a perfect recall 16of past words or events, Ireneo Funes perceives everything that he has experienced or is currently experiencing, and does so in perfect, saturated, sensory plenitude. As Borges describes it,

         
            With one quick look, you and I perceive three wineglasses on a table; Funes perceived every grape that had been pressed into the wine and all the stalks and tendrils of its vineyard. He knew the forms of the clouds in the southern sky on the morning of April 30, 1882, and he could compare them in his memory with the veins in the marbled binding of a book he had seen only once, or with the feathers of spray lifted by an oar on the Río Negro on the eve of the Battle of Quebracho. Nor were those memories simple—every visual image was linked to muscular sensations, thermal sensations, and so on. He was able to reconstruct every dream, every daydream he had ever had. Two or three times he had reconstructed an entire day; he had never once erred or faltered, but each reconstruction had itself taken an entire day.28

         

         Funes insists he has a gift beyond all reckoning, but like Luria analyzing Shereshevsky, Borges quickly realizes he also has an affliction. Like Shereshevsky, Funes bathes in the immediacy of his memories; he finds it difficult to experience the world precisely because he inhabits it so intensely. If reconstructing a daylong memory takes an entire day, that new day is consequently lost to the man who must wall himself into the sensory deprivation tank of his room so as not to be consumed by the present.

         As for Shereshevsky, language for Funes doesn’t seem to function properly, or at least the way it does for most human beings. Instead of understanding numbers as elements in a system of general applicability, Funes, like Shereshevsky, has an individual name and identity for every number he encounters. By the time he meets with Borges, these have surpassed twenty-four thousand.“Instead of seven thousand thirteen (7013), he would say, for instance,‘Máximo 17Pérez’; instead of seven thousand fourteen (7014), ‘the railroad’; other numbers were ‘Luis Melián Lafinur,’ ‘Olimar,’ ‘sulfur,’ ‘clubs,’ ‘the whale,’ ‘gas,’ ‘a stewpot,’ ‘Napoleon,’ ‘Agustín de Vedia.’ Instead of five hundred (500), he said ‘nine.’”29

         A language such as the one the English philosopher John Locke postulated in the seventeenth century, one with a term for every being in existence, might have satisfied Funes. But if Locke rejected the idea for being so specific as to be useless, Funes rejected it for being far too general. Funes, Borges soon realized, lacked the basic function that permits us to think in the first place—abstraction. “Not only was it difficult for him to see that the generic symbol ‘dog’ took in all the dissimilar individuals of all shapes and sizes,” Borges recounts, “it irritated him that the ‘dog’ of three-fourteen in the afternoon, seen in profile, should be indicated by the same noun as the dog of three-fifteen, seen frontally. His own face in the mirror, his own hands, surprised him every time he saw them.”30

         Funes, it seems, suffers from an incapacity to make connections between even slightly distinct experiences, just as Shereshevsky did, and they both exhibit the same impatience with the generality of language. And yet a lurking paradox haunts both accounts. Shereshevsky claimed that he struggled to grasp that “the word ekipazh,” which “definitely has to be a cab, can also mean the crew of a ship.”31 But for Shereshevsky to complain about his inability to comprehend the generality of language, he must comprehend the generality of language. He needs to see that a word refers to two different experiences in order to find it inadequate that it does so.

         Likewise, for Funes, each and every impression is so vastly, over-whelmingly specific that he becomes “irritated” that we use the same word for a dog seen in two different moments; he is “surprised” each time he glimpses his image in a mirror. And yet, despite the power and inextricability of both his memory and his absorption into the sensory world, Funes demonstrably does span their differences. Indeed, for him to have enough self-awareness to feel irritation at our sloppy use of a word, or surprise at his own face, he must have 18the power, even if only in the slightest manner, to overlook the distinctions that make each unique. And this minimal forgetting, this minimum distance from a total absorption in the present, also creates the minimal condition of having a self in the first place.

         Funes remembers “not only every leaf of every tree in every patch of forest, but every time he had perceived or imagined that leaf.”32 For him, each iota of the space-time continuum is utterly singular. Or so he claims. Hume also claimed this. For Hume, we could never know if there was a world of information, of necessary laws behind our sensory impressions. For him, each impression, each leaf in a garden, was condemned to be isolated, sui generis, and never an example of a general rule. But where this challenge led him to extreme skepticism, Kant drew another lesson.

         Kant realized that Hume’s world of pure, unique impressions couldn’t exist. This is because the minimal requirement for experiencing anything is not to be so absorbed in the present that one is lost in it. What Hume had claimed—that when exploring his feeling of selfhood, he always landed “on some particular perception or other” but could never catch himself “at any time without a perception, and never can observe anything but the perception”—was simply not true.33 Because for Hume to even report this feeling he had to perceive something in addition to the immediate perceptions, namely, the very flow of time that allowed them to be distinct in the first place. And to recognize time passing is necessarily to recognize that you are embedded in the perception.

         Hence what Kant wrote in his answer to Hamann, ten years in the making. To recollect perfectly eradicates the recollection, just as to perceive perfectly eradicates the perception. For the one who recalls or perceives must recognize himor herself along with the memory or perception for the memory or impression to exist at all. If everything we learn about the world flows directly into us from utterly distinct bits of code, as the rationalists thought, or if everything we learn remains nothing but subjective, unconnected impressions, as 19Hume believed—it comes down to exactly the same thing. With no self to distinguish itself, no self to bridge two disparate moments in space-time, there is simply no one there to feel irritated at the inadequacy of “dog.” No experience whatsoever is possible.

         Here is how Kant put it in his Critique of Pure Reason. Whatever we think or perceive can register as a thought or perception only if it causes a change in us, a “modification of the mind.” But these changes would not register at all if we did not connect them across time, “for as contained in one moment no representation can ever be anything other than absolute unity.”34 As contained in one moment. Think of experiencing a flow of events as a bit like watching a film. For something to be happening at all, the viewer makes a connection between each frame of the film, spanning the small differences so as to create the experience of movement. But if there is a completely new viewer for every frame, with no relation at all to the prior or subsequent frame, then all that remains is an absolute unity. But such a unity, which is exactly what Funes and Shereshevsky and Hume claimed they could experience, utterly negates perceiving anything at all, since all perception requires bridging impressions over time. In other words, it requires exactly what a truly perfect memory, a truly perfect perception, or a truly perfect observation absolutely denies: overlooking minor differences enough to be a self, a unity spanning distinct moments in time.

         As Borges would show throughout his writings, the very obscurity of words that had seemed to him a betrayal of their poetic promise could, wielded the right way, procure a different salvation. The self was not nothing. It couldn’t be. The very impossibility of recovering a scene from the past, of recapturing the flow of an afternoon in life, guarantees that self’s persistence. But he also grasped something else. Like Kant before him, he also discovered that the conceit of slowing time down to a single frame, honing the moment of an observation to a pure present, destroys the observation itself. The closer we look, the more the present vanishes from our grasp. 20

         Which was precisely the insight that hit Werner Heisenberg in Copenhagen as he walked in Faelled Park on that cold winter evening.

         
             

         

         for all its famously impenetrable equations, the central debate in quantum mechanics today is not so much about mathematics as it is about language. Discoveries about the building blocks of reality can’t help but invite philosophical speculation, and while there also exists a field of philosophy devoted to it, physicists are far from immune to the temptations of ontology.

         Currently most particle physicists, along with the grants and positions that make their work possible, accept some version of what has come to be known as the Copenhagen interpretation of quantum mechanics. The Copenhagen interpretation takes its name from the city in which Niels Bohr and Werner Heisenberg eventually worked out their differences and arrived at a description of the relation between what Heisenberg’s equations told them and the reality we live in on a daily basis. The core of the interpretation contains a compromise between Heisenberg’s discovery and Bohr’s interpretive framework.

         Heisenberg’s principle shows that the closer you home in on the location of a particle, the less you know about its momentum, that is, where it is heading and how fast it’s going there. Or, conversely, you can find out a great deal about its momentum, but to do so, you lose all sense of where it is. It’s like finding exactly where Lindbergh’s plane is over the Atlantic, but only at the cost of knowing nothing about the path he is flying. What you can do, though, is use Heisenberg’s matrix algebra—or what ultimately won the scientific community over, Erwin Schrödinger’s wave equation—to enter measurements for either position or momentum and produce reliable predictions of the probable outcomes of future measurements.

         Bohr’s addition is a kind of philosophical explanation of why that is the case. We can think of matter and energy as either a particle 21or a wave. These descriptions complement each other, but neither one stands on its own. Likewise, quantum mechanics and classical mechanics apply to separate but complementary realms. Classical mechanics can translate into quantum mechanics, but the image the former gives of objects moving in space just doesn’t apply to the quantum realm.

         Critics of the Copenhagen interpretation reasonably ask what determines at exactly which point the laws of classical physics that work so well for baseballs, airplanes, and planets simply cease to hold for smaller entities. The same critics tend to grouse that Bohr and company made a practice of moving the border between the quantum and the classical realms whenever it seemed convenient to do so.

         Most do agree, however, that within the field of quantum physics the Copenhagen interpretation has become something of an orthodoxy, with the potentially chilling effect that young researchers interested in working on the problem of “what actually is happening” at the quantum level run into an institutional inertia best characterized by the Cornell physicist David Mermin’s quip “Shut up and calculate.”35 (Einstein found this attitude particularly exasperating, to the point that he would ask Copenhagen adherents if they also believed the moon ceased to exist when it wasn’t being observed; Mermin, to his credit, is consistent enough to insist that “the moon is demonstrably not there when nobody looks.”)36

         Despite this general dominance of the Copenhagen interpretation, alternatives continue to sprout, each with its vocal advocates. Some of those alternatives, which can trace themselves back to Einstein and Schrödinger’s realism, are collectively referred to as objective collapse models—briefly, models that don’t require a human observer for probability waves to collapse into a single particle with a definite location. The Italian physicist Angelo Bassi, a leading proponent of one such model, believes that quantum mechanics can be understood to describe reality as well as predict it, if only we change our language. “You should remove the word ‘particle’ from 22your vocabulary,” as he puts it.“It’s all about gelatin. An electron can be here and there and that’s it.” In Bassi’s view, this gelatinous substrate of reality reacts to encountering other such inchoate beings by snapping into a particle form,“like an octopus that when you touch them: Whoop!”37 Crucially, this happens whether or not the inchoate blob it encounters happens to belong to a human observer.

         If we can hear in proponents of the Copenhagen interpretation echoes of the philosopher Ludwig Wittgenstein, who famously wrote,“Whereof one cannot speak, thereof one must be silent,” Bassi and those following in Einstein and Schrödinger’s footsteps insist that a theory we can’t explain in words, no matter how excellent at predicting results, ultimately isn’t a theory.38 As Bassi avers, “I strongly believe that physics is words.”39

         But what does it mean to put something into words? Of all the physicists responsible for developing quantum mechanics, Werner Heisenberg evinced the least concern with making the results of his and his colleagues’ new discoveries conform to preexisting images of reality. His nonchalance about what reality ultimately looks like was interpreted by his colleagues as a lack of interest in “philosophical” questions. Yet Heisenberg spent decades lecturing and writing for the public on the philosophical implications of quantum physics.

         In 1942, with the world engulfed in war and himself at the head of Germany’s nuclear research program, Heisenberg was secretly writing a book. The “Manuscript of 1942,” as it would be referred to for years, didn’t appear until after Heisenberg’s death in 1976, and wasn’t translated until a version appeared in France in the 1980s. It turns out that during the time Heisenberg worked on creating a fission reactor for Germany, he quietly obsessed about the question of how accurately humans could come to know reality. The key to this question, he believed, lay in our understanding of language.

         As Heisenberg describes the basic problem in his 1942 manuscript, science translates reality into thought, and humans need language to think. Language, however, suffers from the same fundamental limitation that Heisenberg discovered in nature. We 23can focus our language down to highly objective degrees, where it becomes particularly well defined and hence useful for scientists studying the natural world. But to the extent we do so, we necessarily lose another essential aspect of words, namely, their ability to have multiple meanings depending on how we use them.

         The first nature of language Heisenberg calls static, and the second, dynamic. While all humans use language at varying points along these spectrums, physicists exemplify the static use, while poets exemplify the dynamic use. Where scientists very much depend on the static quality of words for their ability to pin down exact descriptions of their objects of study, they do so at a cost: “What is sacrificed in ‘static’ description is that infinitely complex association among words and concepts without which we would lack any sense at all that we have understood anything of the infinite abundance of reality.”40 As a result, precisely insofar as perceiving and thinking about the world depend on coordinating both aspects of language, a “complete and exact depiction of reality can never be achieved.”41

         It’s hard not to hear in Heisenberg’s discussion echoes of Solomon Shereshevsky’s own struggles with language, or his more perfect avatar Funes’s struggles with perception itself. It is as if Shereshevsky and Funes had become test cases for a sort of internal check on human knowledge, whereby the perfection of their recall and the intensity of their living in the present became a hindrance to understanding language or distinguishing perceptions from recollections. Imagine Funes as the scientist in this scenario. Funes distinguishes everything. He perceives everything as completely sui generis, not related to anything else. This utter perfection of perception allows him to distinguish “not only every leaf of every tree in every patch of forest, but every time he had perceived or imagined that leaf.” Put him in a laboratory, give him a cloud chamber, and he perceives not only every line of condensation left by an errant particle but the particle itself; not only every particle, but every moment in the series of moments that defines that particle’s trajectory.

         But of course, he can’t. Not because of some otherworldly quality 24of the particle—that it ceases to exist over the Atlantic and magically appears when sighted over France. The scientist can’t perceive the way Funes ostensibly can because the very nature of observing something as it changes over time requires that the observer generalize, ever so slightly, and connect the difference between two moments in space-time. Without this slight blur, this ever so subtle distancing, this lifting up and holding steady of a standard so as to register some infinitesimal alteration, all there would be is an eternal present. The dog of three fifteen, seen frontally, never to be called a dog, never to be recognized, never to be observed in the first place.

         Like Borges and Kant, what Heisenberg grasped—what he calculated mathematically, yes, but also what he was able to capture in language—was that to simultaneously observe an electron’s position and momentum would require a perfect presence in a single moment in time, which is utterly incompatible with the minimum condition of observing anything at all. Not because of some spooky quality of the world of fundamental materials, but because, by its very nature, an observation must relate at least two distinct moments in space-time. In Kant’s words, an observation absolutely requires distinguishing “the time in the succession of impressions on one another.”42 An observation, any observation, undermines perfect being in the present, because the observation itself brings space and time to the picture. A fundamental particle captured in a singular moment of space-time is thus, by definition, unperceivable and “absolute unity,” an infinitely thin sliver of space-time, with no before or after.43

         
             

         

         as kant went on to tell Herder in his letter from 1767, his method of subverting the structure and considering it from various points of view had led him to “recognize the inherent determinations and limitations of human abilities and inclinations” and to isolate and understand such limits as they affected knowledge itself.44 Not to 25condemn science to the hopelessness that drove Hume to despair, though. Kant thought recognizing and exactly describing those limits could ensure that science not run into limits of its own making. Heisenberg felt the same. As he wrote in his 1942 manuscript, each time science makes a new discovery, its “sphere of validity appears to be pushed yet one more step into an impenetrable darkness that lies behind the ideas language is able to express. This feeling determines the direction of our thinking, but part of the essence of thinking is that the complex relationship it seeks to explore cannot be contained in words.” We need to guard against, to be aware of, not a barrier out there in the world, an impenetrable wall that science will eventually run up against. Rather, we should guard against creating that wall ourselves by imposing a prejudice we have about what reality must be like onto the perpetually receding future of our discoveries. In Heisenberg’s words, “The ability of human beings to understand is without limit. About the ultimate things we cannot speak.”45 Or to put it inversely, by presuming we know the ultimate nature of reality, we limit our ability to understand.

         In expressing this attitude, Heisenberg was paying homage to Kant, who had led the way in discovering that the key to advancing science lay in not blinding our vision with the presumption of ultimate knowledge. To get there, though, Kant first had to dive deeply into the nature of space and time; to tease apart with his intellect what the physicists of Heisenberg’s day would start to discover with the benefits of cloud chambers and spectrographic analysis; to come face to face with that paradoxical moment when one sliver of spacetime changes into another.

         Kant didn’t make this discovery on his own. An entire history of thought preceded him, and as much as he gleaned from the science and cosmology of his day, his philosophical roots pulled deeply from that history. In the next chapter we will go back to Kant’s early life and education to trace those influences as his star rose among the thinkers of the eighteenth century. We will see how his most radical 26insight, the one that set him on the road to revolutionizing philosophy, involved how we conceive of space and time and their relation to reality. And we will see how he started to trace the contours of the crevice of unreason that emerges when we imagine that the tools we use to understand the world are of the world themselves.
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