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For Sunil,

my live connection with physics

PROLOGUE




Prologue: Panta Rhei

Everything Flows

Everything flows.

— Heraclitus, as reported by later Greek writers

In the summer of 1988 I stood beside a monitoring bore on the Heretaunga Plains in Hawke's Bay and watched water rise out of the ground without anyone pumping it. The bore had punched through a layer of clay into the gravels beneath, where water that had fallen as rain on the ranges decades earlier had been travelling slowly towards the sea under its own pressure. Release that pressure, and the water climbs the casing and spills over the lip. Hydrogeologists call such a bore artesian. To a child it looks like magic. To a scientist it looks like an equation.

I spent the next ten years with that equation. It tells you how the level of water in the ground, what we call the head, changes from place to place and from day to day. It is not a complicated equation. On one side sits the rate at which the head rises or falls at a point. On the other side sits a measure of how curved the water surface is around that point, multiplied by how easily water passes through the rock. A mound of water slumps. A hollow fills. Everything moves towards evenness, smoothly and without hurry.

The first lesson that equation teaches is that water does not jump. It creeps, it seeps, it diffuses. Push on an aquifer at one place and the push is felt a little later at the next place, and a little later and fainter at the next. There are no sudden leaps from one state to another, no instant teleportation of water from one bore to another. The ground, as a hydrologist sees it, is a continuum.

Many years after I left Hawke's Bay, I sat down with a textbook of quantum mechanics and found my old equation looking back at me. It was dressed differently. Where I had written the head, h, the physicist wrote the Greek letter psi. Where I had the transmissivity of gravel, he had Planck's constant and the mass of an electron. But the bones were the same: a rate of change in time on one side, a curvature in space on the other. The only real difference was a single symbol, the letter i, the square root of minus one.

That letter changes everything. In groundwater, the curvature term drains the energy out of a disturbance; a mound of water spreads and flattens until it vanishes into the regional water table. Put i in front of the time derivative and the disturbance does not die. It spreads, but it also rotates, its phase turning like the hand of a clock, so that it oscillates and travels for as long as nothing disturbs it. My dying pressure front had become a living wave.

The man who wrote that equation was Erwin Schrödinger. He wrote it, so far as we can tell, in the last days of 1925 and the first weeks of 1926, partly in a hotel room in the Swiss mountain resort of Arosa, where he had gone for the Christmas holiday without his wife and with a woman whose name we still do not know. Within six months he had published four papers that changed physics. Within eight years he had a Nobel Prize.

This book is a biography of Schrödinger written by someone who knows continuous fluids from the inside. That is its peculiarity and, I hope, its value. Physicists have written about his physics; historians have written about his life; philosophers have written about his Vedanta. Each has tended to treat the other subjects as background. I want to follow one idea through all three, because I believe Schrödinger did.

The idea is continuity. Schrödinger had a deep, lifelong conviction that reality is unbroken. In physics, it made him hate the instantaneous quantum jumps of Niels Bohr and Werner Heisenberg and search for a smooth wave instead. In philosophy, it drew him to the Upanishads, which teach that the separate self is an appearance and that all consciousness is one. In his private life, it shaped a belief that love dissolves the boundaries between people, and that such boundaries, including those of marriage, were obstacles to be flowed around.

I should say at once that this book does not admire everything it describes. The same man who wrote the most beautiful equation of the twentieth century also behaved, at times, with deep selfishness, and at times far worse. He began tutoring a girl named Itha Junger when she was fourteen, and he later made her pregnant. In Dublin, late in life, he recorded in his diary his infatuation with a girl of twelve. These are not side issues to be tucked into a footnote. They are part of the record, and in 2022 they led Trinity College Dublin to remove his name from a lecture theatre. I will not use the language of waves and fluids to soften them. A person is not a field.

Why write about such a man at all? Because his story asks a question that matters beyond physics. What happens when a true insight about the natural world, that boundaries are less real than they seem, is carried over into human life, where boundaries are the very thing that protects the vulnerable? Schrödinger was right about the hydrogen atom. He was wrong about people. The gap between those two facts is the subject of this book.

There is a second reason, closer to home. I grew up in a multilingual Indian family in which the Bhagavad Gita and the Upanishads were not exotic texts but part of the furniture of thought. When Western writers describe Schrödinger's Vedanta, they often treat it as a kind of mystical decoration on a hard scientific mind. I read it differently. Schrödinger understood some things in those texts very well. Other things he bent, quietly, to fit his own needs. I hope to show the reader where the bending happened, and why it mattered.

An Island, a Lens and a Life in Water

My route to Schrödinger was long and roundabout, as most routes worth taking are. I trained first as a geologist, reading the history of the earth in rocks, and only later followed the water underground. In 1983 and 1984 I worked as a hydrologist in Samoa for the United Nations Development Programme. On small tropical islands the drinking water of whole villages depends on something beautiful and fragile: a lens of fresh rainwater floating on the denser seawater that soaks the island's rock from below.



Figure 1. A fresh-water lens. Rain soaking into a small island floats as a lens on the heavier sea water beneath. For every metre the water table stands above sea level, the fresh water reaches roughly forty metres below it. Pump too hard and the sea rises up into the wells.







	z ≈ 40 h (1)

In plain English: The Ghyben-Herzberg rule, named after the Dutch and German engineers, Willem Badon Ghyben and Alexander Herzberg, who found it independently around 1900. If the fresh water table on an island stands h metres above sea level, the boundary between fresh and salt water lies roughly z = 40 h metres below sea level. The forty comes from the small difference in density between fresh water and sea water. Lower the water table by a single metre through over-pumping, and the salt water rises by forty.








That little equation taught me early what this book is about. The fresh water and the salt water are continuous with each other; there is no wall between them. Yet the boundary between them is real, and a whole village's health depends on respecting it. Push too hard on one side and the other floods in. Continuity does not abolish boundaries. It makes them more delicate, and more important to protect.

Between my years in water I changed my coat more than once, and one of those changes bears on this book. In Auckland in the 1980s I worked as a nurse with people who had profound intellectual and physical disabilities, people who depended entirely on others for their safety. That work taught me, more clearly than any philosophy, what boundaries are for. They protect the vulnerable from the strong. When I came, much later, to read about Schrödinger's conduct towards the girls in his life, I read it with the eyes of someone who had spent years caring for people who could not protect themselves.

How to Read This Book

A few words on how the book is built. Each chapter opens with a quotation, sometimes from Schrödinger, sometimes from the traditions he drew on, and sometimes my own, marked Author. Equations appear in shaded boxes, each with an explanation in plain English; you can read the explanations and skip the symbols without losing the story. Each chapter also contains a box headed Try It Yourself or A Thought Experiment, something you can do at a kitchen table or in your head to feel the idea before you meet it in mathematics. Each chapter closes with a short passage leading to the next, and with a poem of my own, a variation on Schrödinger's themes, since he too wrote verse all his life.

The book follows his life in four parts, named after the stages of water moving through the ground. Head is the pressure that builds before water finds an outlet. Gradient is the slope down which it flows fastest. Confluence is the meeting of streams. Discharge is where the water finally emerges, carrying with it whatever it has picked up along the way. The names are a hydrologist's indulgence, but I hope they will come to seem natural.

We begin in Vienna, in 1887, in a comfortable house with a botanist father, a garden, an English grandmother, and a boy who was told from the start that he was exceptional.

Variations on a Theme of Schrödinger

The Letter i

I learned the water's patient creed:

it slumps, it seeps, it never leaps;

each mound must flatten, every need

be levelled where the gravel sleeps.

Then one small letter, square of none,

stood up inside the falling wave,

and what had faded, spun, and spun,

a living turning past the grave.

— Author





PART I




Part I: Head

Pressure Before the Breach

Tat tvam asi — That thou art.

— Chandogya Upanishad 6.8.7

Vienna to Zurich, 1887–1925. In hydrogeology, ‘head’ is the stored energy of confined water before it finds an outlet. Part I measures Schrödinger's head: a training in Boltzmann's statistical physics, an early and open reading of Schopenhauer and the Upanishads, a marriage that was porous from the start, and the arrival of Heisenberg's matrix mechanics, which offered a quantum theory with no picture at all.



CHAPTER 1




Chapter 1: Boltzmann's Inheritance

Grains, Statistics and the Smooth Laws of Nature

Physical laws rest on atomic statistics and are therefore only approximate.

— Schrödinger, What Is Life? (1944)

Erwin Rudolf Josef Alexander Schrödinger was born on 12 August 1887 in Erdberg, a district of Vienna, the only child of Rudolf Schrödinger and Georgine Bauer. His father ran an inherited business manufacturing oilcloth and linoleum, but his real passion was botany; he published papers on plant variation and filled the house with specimens. His mother was the daughter of Alexander Bauer, a professor of chemistry at the Technical University in Vienna, and her own mother was English. English was spoken in the household alongside German, and the boy grew up bilingual, a fact that would matter a great deal when, decades later, he had to rebuild his life in Oxford and Dublin.

He was, by every account, a cherished and admired child. He was taught at home by a private tutor until he was eleven, and then entered the Akademisches Gymnasium, one of the oldest and most demanding schools in Vienna. He was top of his class almost every year. He loved mathematics and physics, but he also loved the strict logic of Latin and Greek grammar and the dramas of the Austrian poet Franz Grillparzer. He went to the theatre often and kept a notebook of the plays he saw. The picture that emerges is of a boy who was told, from the beginning, that he was exceptional, and who believed it.

In the autumn of 1906 he enrolled at the University of Vienna to study physics. A few weeks earlier, on 5 September, the greatest physicist Austria had produced, Ludwig Boltzmann, had hanged himself while on holiday with his family at Duino, near Trieste. Boltzmann had spent much of his career defending a single idea against fierce opposition: that matter is made of atoms, and that the smooth, predictable laws of heat and gases are really the averaged behaviour of enormous numbers of tiny particles moving at random. Schrödinger arrived too late to hear Boltzmann lecture. But he was trained by Boltzmann's successor, Friedrich Hasenöhrl, and by the experimental physicist Franz Exner, and he absorbed Boltzmann's way of thinking so thoroughly that he later described it as his first love in science.

This matters for our story, and it corrects a myth that I repeated myself in an early draft of this book. It is often said that Schrödinger disliked particles and wanted a world made only of waves. That is too simple. He was raised in the most thoroughly atomistic school of physics in Europe. He knew how to count atoms, and he knew how atoms, counted, give rise to smoothness. What he came to resist was not graininess. It was something narrower and stranger: the claim that nature changes by sudden, uncaused leaps. To understand the difference, we need the first equation of this book, and it is the one a hydrologist knows best.







	∂c/∂t = D ∇²c (2)

In plain English: The rate at which a concentration changes at any point equals how fast the substance spreads (D) multiplied by how sharply its concentration is curved in space. Peaks flatten and hollows fill. A drop of ink in water, salt moving through an aquifer, and heat flowing along an iron bar all obey it. The random jostling of countless particles averages out into a smooth, continuous flow.








This is the diffusion equation. Read it slowly and it tells a simple story. On the left is the rate at which the amount of something, say salt, is changing at a particular point. On the right is a measure of how lumpy the salt is in the neighbourhood of that point. If the point sits at the top of a peak of salt, with less salt all around, the right-hand side is negative and the salt at that point decreases. If it sits in a hollow, the salt increases. Everything moves towards evenness.

What makes the equation profound is where it comes from. No single molecule of salt knows anything about peaks and hollows. Each one is simply knocked about at random by the water molecules around it, moving left or right, up or down, with no preference. Yet when you add up the random walks of billions of molecules, the averaged result is this smooth, orderly, entirely predictable law. Albert Einstein showed in 1905 how the diffusion constant D is tied to the jiggling of individual particles, and Boltzmann's whole programme rested on the same idea: order out of chaos, smoothness out of grains.

I worked with this equation every week in Hawke's Bay. When nitrate from fertilised orchards seeped down into the Heretaunga gravels, its spread through the groundwater followed a version of it, with an extra term for the flow of the water itself. We could forecast where a plume would be in five years' time with real confidence. We did not need to know what any individual nitrate ion was doing. We needed only the averages. That is the gift Boltzmann gave to physics, and that Schrödinger received as a young man: the knowledge that the continuous world we see is the statistical shadow of a discontinuous one beneath.

Schrödinger later put the lesson in a single sentence in his book What Is Life?: physical laws rest on atomic statistics and are therefore only approximate. The sentence is the epigraph of this chapter, and it is worth noticing what it does not say. It does not say that the world is fundamentally smooth. It says that smoothness is what large numbers look like. Schrödinger held both truths at once. In the chapters that follow we will see him lean hard on the side of smoothness, sometimes harder than the evidence allowed. But he began from an honest understanding of grains.

He completed his doctorate in 1910. Its subject sounds modest, but a hydrologist cannot read the title without smiling: it concerned the conduction of electricity on the surface of insulators in moist air. In other words, his first piece of research was about how a thin film of water lets charge leak across a surface that should not conduct at all. Water, creeping where it is not expected, carrying something with it. He would spend the rest of his life, in one form or another, writing about leaks across boundaries.

After the doctorate came a year of compulsory military service in the fortress artillery, then a post as assistant in Exner's laboratory. Schrödinger was not a gifted experimentalist, and he knew it. He was much better at thinking about experiments than at building them, and he drifted steadily towards theory. In 1913 he spent part of the summer at Seeham, near Salzburg, measuring the natural radioactivity of the air, work that brought him into the field with instruments and also, as we shall see in the next chapter, into the company of a young woman who would become his wife. In 1914 he gained the right to lecture at the university.

Then the war came. Schrödinger served as an artillery officer, much of the time on the Italian front near the Isonzo river, where some of the most futile slaughter of the First World War took place. His teacher Hasenöhrl was killed in 1915. Schrödinger himself was fortunate: his postings were often quiet, and he was able to read physics journals in the trenches and even to write papers. In 1917 he was brought back from the front to teach meteorology at an officers' school near Vienna. A physicist teaching the movement of the atmosphere, the largest fluid system any of us lives inside, to soldiers who needed to know which way the gas would drift: it is a small detail, but it shows how much of his early training sat in the physics of continuous media.

Two other strands of his early work deserve mention. The first is statistical mechanics proper. Schrödinger wrote serious papers on the specific heat of solids and on the statistics of gases, the very subjects Boltzmann had founded. By his early thirties he was regarded as one of the most capable theorists in the German-speaking world on exactly these topics. The second is colour. Between 1918 and 1920 he published a long and elegant series of papers on the theory of colour vision, working out how three types of receptor in the eye could combine to give the whole space of colours we perceive. It is mathematical work of real beauty, and it shows a mind that loved to find a single smooth geometry underneath a messy experience.

That phrase could stand as a summary of his whole intellectual temperament: a single smooth geometry underneath a messy experience. In colour, it was the three-dimensional space of hues. In gases, it was the averaged law emerging from molecular chaos. In the years to come it would become a wave filling space, and then, in his philosophy, a single consciousness underlying all minds.

The Vienna of Ideas

The University of Vienna in Schrödinger's student years was one of the great intellectual centres of Europe, and physics was only one of its glories. In the same years and the same streets, Freud was developing psychoanalysis, the economists of the Austrian school were rethinking the nature of markets, and a generation of young philosophers was preparing the movement that would become the Vienna Circle, with its demand that every meaningful statement be tested against experience. Ludwig Wittgenstein, two years younger than Schrödinger and from one of the richest families in the city, was growing up a few streets away. It was a culture that prized both rigorous logic and passionate feeling, often in the same person.

Schrödinger absorbed both sides of that culture. From the physicists and philosophers he took a demand for clarity and evidence. From the poets and dramatists he took a sense that feeling, too, was a way of knowing. Throughout his life he would try to hold the two together, writing equations by day and poems by night, and insisting, against the specialists, that a full understanding of the world needed both.

The Teachers: Exner and Hasenöhrl

Two men shaped the young Schrödinger more than any others, and both deserve more than a passing mention. The first was Franz Serafin Exner, the head of the physics institute in Vienna, an experimentalist of wide interests who had worked on colour vision, atmospheric electricity and radioactivity. Exner held a view of natural law that was unusual for his time. In a lecture of 1908, as rector of the university, he argued that the laws of nature are not iron necessities but statistical regularities: what we call a law is simply the average behaviour of enormous numbers of individual events, each of which may be governed by chance. Schrödinger absorbed this view so thoroughly that when he gave his inaugural lecture at Zurich in December 1922, under the title What Is a Law of Nature?, he defended it openly, arguing that physics might one day have to give up strict causality at the level of single atoms. It is a strange fact, rarely noticed, that the man who would later fight so hard against the randomness of quantum mechanics had, as a young professor, predicted that randomness might lie at the root of things. What he could not accept later was not chance in itself but a picture in which nothing happened between the chances.

The second teacher was Friedrich Hasenöhrl, Boltzmann's successor in the chair of theoretical physics. Hasenöhrl was a gifted and generous lecturer, and his students adored him. He is remembered today mainly for work on the radiation inside a hollow cavity, in which he showed, a year before Einstein's famous paper of 1905, that the energy of radiation trapped in a moving box behaves as though it had mass. His answer was not quite right, but it was a remarkable step towards the most famous equation in physics. Schrödinger attended Hasenöhrl's lectures for eight semesters and later said that no other personal influence on him had been as strong, except perhaps his father's. In the autumn of 1915 Hasenöhrl, serving as an officer on the Italian front, was killed by a grenade. Schrödinger, also at the front, learned of his teacher's death in the trenches. He kept Hasenöhrl's memory all his life, and when he accepted the Nobel Prize in 1933 he paid tribute to him.

A Random Walk in the Trenches

In 1915, in the middle of the war, Schrödinger published a paper on a problem that a hydrologist would recognise at once. It concerned a tiny particle in a fluid, jostled at random by molecules, the motion first described by the botanist Robert Brown in 1827 and explained by Einstein and by the Polish physicist Marian Smoluchowski in 1905 and 1906. Schrödinger asked a precise question: if such a particle starts at one height and drifts downward under gravity while being knocked about at random, how long will it take, on average, to reach a given level for the first time? Physicists now call this the first-passage problem, and Schrödinger's solution is still cited. It is exactly the kind of question I asked in Hawke's Bay: how long before a contaminant released at the surface first arrives at a water-supply bore? The mathematics is the same.

The key to all such problems is the random walk. Imagine a walker who, at every tick of a clock, takes one step either left or right, choosing by the toss of a coin. After many steps, where will he be? On average, nowhere; left and right cancel. But any particular walker will have wandered away from the start, and the typical distance he wanders grows in a very particular way.







	σ = √(2Dt) (3)

In plain English: The spread of a random walk. After a time t, the typical distance σ that a randomly jostled particle has wandered from its starting point equals the square root of twice the diffusion constant D times the time. Because of the square root, wandering is slow: to go twice as far takes four times as long; to go ten times as far takes a hundred times as long. This is why a drop of ink spreads quickly at first and then seems to linger.










Figure 2. Left: twelve walkers each tossing a coin 400 times and stepping left or right. Each path is unpredictable. Right: the final positions of 20,000 such walkers form a smooth bell-shaped curve, the solution of the diffusion equation. Chaos in the individual, order in the crowd.

The figure shows the whole of Boltzmann's philosophy in a single picture. On the left, each walker's path is a jagged, unpredictable scribble. On the right, the final positions of twenty thousand walkers form a smooth, perfectly predictable bell curve, which is exactly the solution of the diffusion equation we met earlier in this chapter. The smooth curve is real; so are the jagged paths. Neither is an illusion. They are the same reality seen at two different scales. Schrödinger understood this as well as anyone alive. It is worth remembering when, later in this book, he seems to insist that only the smooth curve is real.

Boltzmann's Stone

In the Zentralfriedhof, the great central cemetery of Vienna, Boltzmann's grave is marked by a bust of the physicist above a short inscription: S = k log W. It is the formula that connects entropy, the measure of disorder, to the number of microscopic ways a system can be arranged, and we will meet it properly in Chapter 16. I mention it here because it is one of very few graves in the world that carries an equation, and because Schrödinger's own grave, at Alpbach in the Tyrol, would one day carry his. Two Viennese physicists, two equations carved in memorial stone: one for the statistics of grains, the other for the continuous wave. Between them they span the whole intellectual tension of Schrödinger's life.

Boltzmann's suicide in 1906 cast a long shadow over Viennese physics. He had suffered for years from what we would now call bipolar disorder, and he had felt himself isolated in his defence of atoms against philosophers such as Ernst Mach, who regarded atoms as useful fictions rather than real things. Within a few years of his death, the experiments of Jean Perrin on Brownian motion had proved atoms beyond reasonable doubt, and Boltzmann was vindicated. Schrödinger grew up in the afterglow of that vindication. He knew, in a way younger physicists elsewhere did not, how fiercely the reality of atoms had been contested, and how much one man had suffered in defending it.

The Geometry of Colour

Schrödinger's work on colour, which I passed over quickly earlier, deserves a closer look, because it shows his mind's habits so clearly. Every colour we can see can be matched by mixing three primary lights in the right proportions; this had been known since Thomas Young and Hermann von Helmholtz in the nineteenth century. That means colours can be thought of as points in a three-dimensional space, with one direction for each primary. Schrödinger asked a deeper question: in that space, how far apart are two colours? That is, can we define a natural measure of distance between colours, so that colours we perceive as just barely different are always the same distance apart?

His answer, published in 1920, was an elegant geometrical construction, a way of measuring colour differences that took account of the way our eyes actually respond. It was one of the first serious attempts at what colour scientists now call a colour metric, and it is still discussed in the field. For his work on colour he received the Haitinger Prize of the Austrian Academy of Sciences. What I notice in it is the same instinct we shall see again and again: faced with a messy human experience, he looked for a smooth, continuous geometry underneath it, a space in which every colour flowed into every other without breaks.

Seeham, 1913

One more scene from these years matters for the story. In the summer of 1913 Schrödinger joined the physicist Fritz Kohlrausch in measuring the natural radioactivity of the air near the village of Seeham, on the Obertrumer See north of Salzburg. The radioactivity of the atmosphere was then a hot topic; only a year earlier the Austrian physicist Victor Hess had discovered, on daring balloon flights, that ionising radiation increases with altitude, the first sign of what came to be called cosmic rays. Schrödinger's measurements at Seeham were careful and useful, though not spectacular. But the summer mattered for another reason. It was at Seeham, among the families he met there, that he first encountered the young Anny Bertel. We will return to her in the next chapter.

The war ended in defeat for Austria. Schrödinger's father died in 1919, and the family business, already failing, collapsed in the post-war inflation. His mother died of cancer in 1921. The comfortable world of his childhood was gone. In 1920 he married, and he began a restless sequence of short appointments, at Jena, Stuttgart and Breslau, before accepting the chair of theoretical physics at the University of Zurich in 1921. He was thirty-four, respected, and not yet famous. He had done excellent work but nothing that would make his name last.

What he had built, by then, was a particular kind of mind. It was trained in the statistics of grains but drawn, temperamentally, to the smooth law that grains produce. It was comfortable with fluids, with fields, with diffusion and with geometry. It was impatient with arbitrary rules imposed from outside. And it had already begun, in private, to look for a philosophy large enough to hold all of this. That philosophy would come from an unexpected direction: from a German pessimist, and through him, from India.

But before we follow him there, we need to meet the young Schrödinger in love, because his emotional life and his intellectual life were never as separate as his biographers have usually supposed.







	TRY IT YOURSELF

A Drop in a Glass

Fill a clear glass with still water and let it settle for a few minutes. Gently add one drop of food colouring and watch without touching. The colour creeps outward, its edges softening. Note how wide the cloud is after one minute, then after four. It will be roughly twice as wide, not four times: diffusion spreads with the square root of time. No molecule of dye knows where it is going, yet together they write the diffusion equation in your glass.








~

In the next chapter we turn to those Vienna years: to Felicie Krauss, whose family would not let him marry her; to Lotte Rella; and to the young woman he met at Seeham in the summer of 1913, Annemarie Bertel, who would become his wife and the most patient, and most tested, companion of his life. Who was the young romantic behind the equations, and what did he believe love could do?

Variations on a Theme of Schrödinger

Grains

A billion strangers, each alone,

go stumbling blind in salt and rain;

no single one has ever known

the shape their stumbling makes the plain.

Yet sum them, love, and see them flow

as smooth as breath along the shore:

so many lonelinesses go

to make the one we're waiting for.

— Author





CHAPTER 2




Chapter 2: Vienna Loves

Felicie, Lotte and the Young Romantic

Before the equations there were the letters, and before the letters, the longing.

— Author

Biographies of great scientists have a habit of becoming hushed when they reach the subject of love, as if the heart were a separate room the author should not enter. With Schrödinger that discretion makes him harder to understand, not easier. He did not keep his emotional life in a separate room. He wrote about it, constantly and carefully, in diaries he kept for most of his adult life, and he wrote about it in the same years, and sometimes in the same notebooks, in which he was thinking about physics. Walter Moore, his principal biographer, had access to these diaries and used them extensively. What follows rests on that documentary record. I have not invented scenes, and I confine this chapter to his relationships with adult women.

The first thing the diaries reveal is how seriously the young Schrödinger took love. He was not a casual seducer in his student years. He was, if anything, a romantic in the full nineteenth-century sense: he fell in love intensely, idealised the women he loved, analysed his own feelings at length, and believed that love was among the highest things a human being could experience. He also wrote poetry, a habit he kept all his life. Late in life he published a small volume of his poems. The collection, Gedichte, appeared in 1949, when he was in his sixties and living in Dublin, and it gathers verse written across several decades. Moore, who read the poems alongside the diaries, found love and longing to be their recurring subjects. They are not great poems, but they are sincere ones, and they show something his equations cannot: a man who reached for words when feeling outran thought, and who believed that in love, as in nature, the deepest truth was union. I do not quote them here; they remain the property of his estate. But at the close of each chapter of this book I have set a short poem of my own, a variation on his themes, as a reminder that the mind which wrote the wave equation also wrote verses to the women it loved.

The love that marked him most deeply as a young man was for Felicie Krauss. She came from a family of minor Austrian nobility, and Schrödinger, though from a prosperous and educated family, came from trade: his father made oilcloth. According to Moore's account of the diaries, Felicie's family, and her mother especially, regarded the match as beneath her. Schrödinger was in his mid-twenties, at the beginning of an academic career that paid almost nothing. For a time he considered abandoning physics altogether and joining his father's business, so that he would have the income and position to marry. His father, to his credit, talked him out of it. The relationship ended. Felicie married someone else.

It is easy to pass over an episode
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