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The most valuable theory of my life …


The theory is of incomparable beauty.


ALBERT EINSTEIN, 1915


If Einstein had not produced the Special Theory in 1905, someone else would have done so within a short time, five years or so. That is the general situation with almost all scientific advances, they are in the air; if A doesn’t make them, then B certainly will.


The General Theory is the startling exception, maybe the only one in [the 20th] century. It is agreed by the most eminent of theoretical physicists – Dirac has said so without qualification – that if Einstein had not created the General Theory [in 1915] no one else would have done so, perhaps not until now, perhaps not for generations.


C.P. SNOW, IN CONVERSATIONS WITH EINSTEIN


BY ALEXANDER MOSZKOWSKI
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Introduction


In 1905, Albert Einstein published four scientific papers that had a profound influence on the science of the 20th century. Everybody knows Einstein’s name, and an equation from one of those papers, E = mc2, is the most famous equation in all of science. For another of his contributions that year, he received the Nobel Prize. All of this has resulted in 1905 being referred to as Einstein’s ‘annus mirabilis’, or ‘miraculous year’. If he had never done another stroke of scientific work after 1905, Einstein would still be remembered as a genius. But, amazing as these achievements were, none of this represented Einstein’s greatest work. Exactly ten years later, in 1915, he presented his masterwork to the Prussian Academy of Sciences – a theory of gravity, matter, space and time which we know as the ‘General Theory of Relativity’, and which he described as ‘the most valuable theory of my life’. It describes the evolution of the Universe, black holes, the behaviour of orbiting neutron stars, gravitational lensing and why clocks run slower on the surface of the Earth than in space. It even suggests the possibility of time travel. He completed this work in Berlin during the First World War, where he later suffered from malnutrition caused by food shortages resulting from the Allied blockade of Germany and was nursed by his cousin, Elsa, who became his second wife. The accuracy of his theory was confirmed by British astronomers, at a time when Britain and Germany were technically still at war. But even today the General Theory is less feted than the achievements of 1905, because it is regarded as ‘too difficult’ for ordinary mortals to comprehend. I hope to disabuse you of this misapprehension and make it clear why the achievements of the year 1915 should be at least as celebrated as those of 1905.


The Special Theory of Relativity, one of the achievements of 1905, is ‘special’ in the sense that it is restricted and ‘only’ describes the behaviour of things moving in straight lines at constant speed. The names alone tell you that the General Theory is a bigger deal, but because of the widespread (mis)conception that the General Theory is too difficult for ordinary mortals to understand, the events of 1915 have been less feted than the events of 1905.a It is, in fact, easy to understand the basics of the General Theory, even if the equations have to be taken on trust, and this understanding should convince you – correcting the misconception that the Special Theory was Einstein’s greatest achievement – that Einstein’s greatest year was indeed 1915, not 1905. But I intend to demonstrate this by putting Einstein’s science in the context of his life and work both before and after 1915, including his breakthrough year of 1905.


As ever, I am grateful to the University of Sussex and the Alfred C. Munger Foundation for providing, respectively, a base for me and a contribution towards my travel and other expenses. Thanks also to Estelle Asmodelle for help tracking down sources.


John Gribbin


https://johngribbinscience.wordpress.com


Footnote


a A point of pedantry: always the ‘General Theory’, never ‘general relativity’; it is the theory that is general, not the relativity.









1


In the Beginning


Early life; Breaking free; Einstein and the Poly; Rejection; Rescue


In 1905, Albert Einstein produced the most important package of ideas from any scientist since Isaac Newton. The iconic image we have of Einstein is the white-haired genius, a wise and fatherly guru, a cross between God and Harpo Marx. But in 1905 Einstein was a handsome, dark-haired young man (he celebrated his 26th birthday on 14 March that year), previously something of a ladies’ man but recently married, with a baby son. He didn’t even have a PhD at the time he published the scientific papers that made him famous.


What made Newton and Einstein so special was that they didn’t just have one brilliant idea (like, say, Charles Darwin with his theory of natural selection) but a whole variety of brilliant ideas, within a few months of one another. There were other similarities between the two great men. In 1666, Newton celebrated his 24th birthday, and although he had already obtained his degree from the University of Cambridge, for much of 1665 and 1666 he had been unable to take up a Fellowship at Trinity College because the university had been closed by an outbreak of plague. So he had been working in isolation at the family home in Lincolnshire. In 1905, the 26-year-old Einstein had already graduated from the Swiss Federal Polytechnic in Zurich, but had been unable to obtain a post at any university. So he had settled for a junior post at the patent office in Bern, working in isolation on scientific topics at home in his spare time – and also, as he later admitted, during office hours.


Especially in the theoretical sciences and mathematics, it is often true that people do their best work in their twenties, even if that work never matches the achievements of a Newton or an Einstein. But there the similarities between the two geniuses stop. Newton was a loner by choice, who made few friends and never married; although most of his great work was done in 1665–6, it was only published later, at different times, in response to pressure from colleagues who became aware of what he had achieved. Einstein was a gregarious family man, eager to get a foothold in the academic world, who knew the importance of advertising his discoveries and published them as soon as he could. It was his only chance of getting out of the patent office and into a university post. But what was the man later regarded as the greatest genius of the 20th century doing working in a patent office anyway?


Early life


Albert had been born in Ulm, in Germany, in 1879. In the summer of the following year, however, the family moved to Munich, in the south of Germany, where Albert’s father, Hermann, went into partnership with his younger brother Jakob in the booming electrical industry. Jakob had a degree from the Stuttgart Polytechnic Institute and provided the expert know-how for the business; the money to set them up came from the family of Albert’s mother, Pauline. Hermann’s role was on the administrative side, running the business. Jakob and his wife, Ida, shared a pleasant house on the outskirts of Munich with Hermann, Pauline and little Albert.


Far from showing any signs of precocious genius, little Albert was so slow to learn to speak that his parents feared that there might be something wrong with him. It wasn’t until well after his second birthday that he began talking, but when he did he used proper sentences from the start, quietly working the words out in his head and whispering them to himself before speaking out loud. In November 1881, his sister Maja was born, and she later recalled his response to her arrival, reported to her by her mother when she was old enough to understand. It seems that Albert had been told he would soon have something new to play with, and was expecting a toy; on being introduced to his baby sister, he asked: ‘Where are the wheels?’a Although brother and sister developed an affectionate bond, young Albert was prone to occasional outbursts of violent temper, when he would throw things at the nearest person – all too often, Maja. Family legend tells of the time he hit her over the head with a garden hoe, and how at the age of five he chased his first violin teacher out of the house, throwing a chair after her. But the music-loving Pauline was tough and strong-minded enough to ensure that he carried on with the violin lessons whether he liked them or not, eventually instilling in him a love of music that provided a lifelong release from the strains of his scientific work. And he had talent – much later, when he was a sixteen year old at high school in Switzerland, a school inspector would single him out for praise, reporting that ‘one student, [named] Einstein, actually sparkled [in] his emotional performance of an adagio from a Beethoven sonata.’1


The expression ‘tough love’ could have been invented to describe Pauline’s attitude to her children. When he was only four, Albert was given a guided tour of the neighbourhood by his parents, and from then on was not only allowed but encouraged to go out alone and find his way through the streets – although, unknown to the boy, they kept a distant eye on him on his first few solo expeditions. One of the first regular journeys he had to make was to school. The Einsteins were secular Jews and were unconcerned that the nearest school was Catholic, so that is where Albert received his first formal education, very much in the old-fashioned tradition of learning by rote and with strict discipline enforced by corporal punishment. Albert’s disenchantment with the school was strengthened when he was still only five years old and ill in bed. His father gave the boy a magnetic compass to relieve his boredom, and Albert became intrigued by the way in which the needle always tried to point to the north, no matter how he twisted and turned the instrument. He was fascinated by the idea of an invisible force that kept a grip on the compass needle, and baffled that none of his teachers at the school had shown him anything half as interesting. This helped to instil an early conviction that he was much better off working things out for himself than working within the system.


Albert’s stubborn insistence on finding his own way in the world led to a curious development during his years at the Catholic school. At that time, the statutes of the city of Munich required all students to receive some religious education, and although Hermann and Pauline didn’t mind Albert attending a Catholic school, they drew the line at having him indoctrinated in the Catholic faith. So, to meet their obligations they got a relative to teach Albert about the Jewish faith – as they thought, just as a matter of form. To everyone’s surprise, Albert lapped it all up and became something of a religious fanatic, observing the Jewish rituals that his parents had abandoned, refusing to eat pork and making up hymns that he would sing to himself as he walked to school in the morning. This religious phase lasted until Albert was about twelve and had been a student at the local high school (Gymnasium) for two years. His loss of faith was a direct result of his discovery of science; but that discovery owed nothing to the high school, and everything to a young medical student called Max Talmey.


Although Hermann and Pauline Einstein did not follow all the religious traditions of their nominal faith, there was one Jewish custom that they kept. At that time, there was a tradition among middle-class Jewish families of helping young students who might be struggling to make ends meet, and the Einsteins got into the habit of inviting Talmey, who came from Poland,b to dinner once a week. It was Talmey who introduced Albert, who was ten when they met, to the latest scientific ideas, discussing them with the boy as if he were an adult. Talmey lent books popularizing science to Albert, introduced him to algebra and in 1891 gave him a book about geometry. Einstein later described reading this book as the single most important factor in making him a scientist. He was gripped, fascinated by the way in which mathematical logic could be used to start from simple premises to construct truths, such as Pythagoras’ Theorem, that are absolutely true. Within a year, he had worked his own way through the entire mathematics syllabus of the high school. This rather left the school, as he saw it, as a pointless waste of time. He had also lost his faith in God and now, as a young teenager, saw religion as part of a deception played by the State in order to manipulate its people, especially the young.


Albert had made a good start to his time at the Luitpold Gymnasium, finding it easy to keep up with his peers; but although this was one of the best schools of its kind, a combination of the rigid educational system, his loss of religious faith and his discovery that he could leap ahead of the curriculum by working on his own led him to neglect his classwork. He still got good grades in mathematics, but couldn’t see the point of subjects like Classical Greek and gained a reputation as an impudent troublemaker. One family anecdote recalls that Albert’s father was summoned to the school to be told that his son was a troublemaker. When he asked what they meant, he was told ‘he sits at the back and smiles’.


The situation at school came to a head in 1894, when the family business went bust. The firm had done reasonably well in the 1880s, like many other small businesses taking advantage of the booming demand for electrical equipment such as dynamos, lighting systems and telephones. But in the classic pattern of progress following the invention of a new technology, those small businesses were now being swallowed up by large firms, or going under in the face of competition from the giants, such as Siemens and AEG. It was a lack of capital, as much as anything else, that saw the Einsteins lose out in this competition. But before matters came to a head they had gained a reputation in southern Germany and northern Italy. Italy had not gone so far down the road towards domination of the electrical industry by one or two firms, and with the encouragement of one of their Italian colleagues Hermann, Jakob and their wives decided to move to Italy to start again. There was one snag. Albert, who was now fifteen, had three years left to complete at the Gymnasium, which would ensure his admission to a good university. A family decision was made to leave him behind in Munich, staying in a boarding house but with a distant relative keeping an eye on him.


The result ought to have been predictable. Albert was lonely and miserable in Munich, and without family life to fall back on the school seemed unbearable. There was another worry. Albert had always hated the militaristic aspect of German society at the time, and as a young boy, scared by the sight and sound of marching troops, had once begged his parents to promise that he would never have to be a soldier. But the law then required every German male to undergo a period of military duty. The only escape was to leave the country and renounce his German citizenship before his seventeenth birthday; if he left later, he would be regarded as a deserter.


Breaking free


There is some confusion about how exactly Einstein engineered his escape from Munich, but this is the most likely pattern of events. He was certainly depressed and managed to persuade his doctor to provide a certificate stating that he should rejoin the family for health reasons. He also persuaded his maths teacher to provide a letter stating that Einstein had already mastered the syllabus, and there was nothing more he could teach the young man. Armed with these documents, Einstein approached the principal of the school and told him that he was leaving; the principal’s response, we are told, was that Einstein was being expelled anyway, for being a disruptive influence. The likelihood is that Einstein had carefully cultivated his role as a disruptive influence in order to ensure that he would not be asked – let alone ordered – to stay on. Whether he jumped or was pushed, there is no doubt that in the spring of 1895, just six months after being left in Munich to complete his education, Einstein turned up on the doorstep of his parents’ new home in Milan, in northern Italy.c He duly renounced his German citizenship (the declaration took effect in January 1896) and swore he would never go back to that country. By then, Einstein was living in Switzerland and set in motion the slow process of obtaining Swiss citizenship; but in those relatively free and easy days in Europe the lack of a passport did not prevent him travelling as he pleased, in particular between Switzerland and Italy. On official forms, under ‘nationality’ he simply described himself as ‘the son of German parents’.


In the summer of 1895 Einstein was sixteen, in Italy, with no responsibilities (and no prospects). Although he did some work for the family business and had vague notions of becoming a teacher of philosophy, for several months he mostly just enjoyed himself, touring the art centres of Italy, visiting the Alps and falling in love with the culture. When pressed by his father to settle down and give some thought to the future, Einstein assured Hermann that in the autumn he would take the entrance examination for the Swiss Federal Polytechnic in Zurich (often known by the initials of its German name, as the ETH). The ETH was not a great university in the mould of Heidelberg or Berlin, but a new kind of institution devoted primarily to the education of would-be teachers and engineers. The cocksure Einstein was certain he would be able to walk into an establishment with such relatively modest academic standards, and it came as a rude shock when he failed the exam. (His later claim to have failed deliberately, in order to avoid being pushed into a profession by his father, should be taken with a large pinch of salt; if that were the case, why would he have gone back and embarked on the same course a year later?)


In fact, Einstein was lucky to be allowed to take the exam. The normal age for this was eighteen, and applicants were expected to have a high school diploma; Einstein was still six months short of his seventeenth birthday and had left high school under a cloud. But the director of the ETH, Albin Herzog, recognised Einstein’s potential and offered him a lifeline. He suggested that Einstein should enrol in a Swiss secondary school in the town of Aarau, a little way outside of Zurich, to do some catching up before taking the entrance exam again in 1896. There, he could lodge in the home of Jost Winteler, a teacher at the school, and live as one of the family.


The domestic arrangements suited Einstein down to the ground. As Winteler taught Latin and Greek he was not one of Einstein’s tutors, so school did not intrude too much on daily life. One of Einstein’s cousins, Robert Koch, was a student at the school and lodging next door. And there was plenty of family life – the Wintelers had three daughters and four sons, plus a couple of other paying guests, and Einstein was soon one of the family. A classmate during this year in Aarau later described the Einstein of 1895–6, to his biographer Carl Seelig, as ‘sure of himself, his grey felt hat pushed back on his thick, black hair [striding] energetically up and down … unhampered by convention, his attitude towards the world was that of the laughing philosopher, and his witty mockery pitilessly lashed any conceit or pose.’


Mature beyond his years, Einstein clearly made a big impact on his companions – none more so than Marie Winteler, the eighteen-year-old daughter of the house, who had just completed her course as a trainee teacher and was living with her parents while waiting to start her first job. In spite of the age difference, an enormous gulf for most teenagers, the two fell in love. Both families seem to have been happy with the development, which blossomed into something like an unofficial engagement and persisted after Einstein returned to Pavia and then moved on to Zurich. But in the spring of 1897, as his own horizons broadened and he made new friends in the city, he broke off the relationship. It took some time to convince Marie that he meant it, but in the end everything was settled amicably, and the Einsteins and the Wintelers remained good friends – so much so that Einstein’s sister Maja later married Marie’s brother Paul. Anna, another of the Winteler siblings, married Michele Besso, Einstein’s best friend in Zurich and for long after his student days were over. In a letter written to Besso’s wife and son after he died in 1955, Einstein said ‘what I admired most about Michele was the fact that he was able to live so many years with one woman, not only in peace but also in constant unity, something I have lamentably failed at twice.’2


Alongside his happy relationship with the Winteler family, an active social life, music and his first experience of love, Einstein did enough work at school (where he had been allowed to join the final year group, with classmates a year older than himself) to achieve high grades in all his subjects except French, which he always struggled with. In the Swiss system, examination papers were marked on a grading scale from 1 to 6, with 6 being the top mark. Einstein’s average of 5½ was the best in his year, from the youngest pupil in the class. Although this was brought down by his French paper, which was rather generously graded between 3–4, the essay he wrote (in French) for the examination is the most interesting of the papers (which survive and can be found in The Collected Papers of Albert Einstein) because the set subject of the essay was ‘Mes Projets d’Avenir’.d Ignoring the terrible French, the essay gives us a glimpse into Einstein’s personal ambitions at the time, which seem remarkably limited in the light of what he would achieve:


If I am lucky enough to pass my examinations, I will attend the Polytechnic in Zurich. I will stay there four years to study mathematics and physics. My idea is to become a teacher in these fields of natural science and I will choose the theoretical part of these sciences.


Einstein goes on to say that this ambition is partly based on the fact that he lacks any ‘practical talent’, but also because ‘there is a certain independence in the profession of science that greatly appeals to me’. That certainly chimes with the way his life would develop. But there was already a hint of what was to come in some of the ideas Einstein did not commit to paper in 1896. He later recalled that while still a schoolboy in Aarau, he puzzled over the idea that if you could run at the speed of light, you would see a light wave standing still alongside you, frozen in time, as it were; but the laws of physics said that such a ‘time-independent wave-field’ could not exist.3 It would be nine years before he found the solution to that puzzle.


Einstein and the Poly


After passing his entrance examination for the ETH early in the summer of 1896, Einstein spent some time with his family in Italy, where the electrical business was once again in crisis. Jakob left to work for another company and ended up living comfortably in Vienna as the manager of a firm of instrument makers; Hermann tried to make another fresh start in Milan. Albert was sufficiently concerned about the prospects for this latest venture that he tried unsuccessfully to dissuade his relations from pouring more money into the scheme; but in October he had to put these family difficulties behind him as he returned to Zurich to enrol for his course.


In spite of the year spent in Aarau, Einstein was still six months short of the official age for admission, eighteen, and one of the youngest students ever admitted to the ETH. The ‘Poly’, as it was known locally, wasn’t that old itself, having been founded in 1855 as the first university-level academic institution in Switzerland (the Swiss Confederation only came into being in 1848). Since then, three universities had been established in Switzerland – in Basel, Zurich and Geneva. Unlike the Poly, which was a Federal Swiss government establishment, the universities were run by their respective cantons. Unlike the universities, initially the Poly could not award doctoral degrees; but in 1911 it was given full university status including the right to award doctorates. That hasn’t stopped it being known as the Poly right down to the present day.


At the end of the 19th century, there were just under a thousand students at the ETH. But, as its name implies, the ETH was primarily devoted to the education of engineers, not theoretical physicists, and there were just five students, including Einstein, taking the science course in his year. These included Marcel Grossmann, a model student who attended all the lectures and took detailed notes which he kept carefully for revision. Grossmann became a firm friend of Einstein, and in the long run those beautifully written notes would prove even more important to him than to Grossmann. The group also included a lone woman, Mileva Maric, a Serbian, from what was then part of the Hungarian Empire. Mileva had had to struggle with an unsympathetic family and unsupportive school system at home to make it to university in Switzerland, the only German-speaking country where women were admitted to university at that time. Indeed, Mileva was only the fifth woman to be admitted to study physics at the ETH. The other two members of the class were Jakob Ehrat, a hardworking but unspectacular student, and Louis Kollros; both, like Grossmann, were Swiss.


Like many students, Einstein enjoyed the freedom of university life to the full and didn’t worry too much about the academic side until the examinations loomed. He didn’t reckon anyone could teach him mathematics better than he could learn on his own with the aid of books, and he seldom attended the lectures, leading one of his professors, Hermann Minkowski, later famously to describe the student Einstein as a ‘lazy dog’, who ‘never bothered about mathematics at all’. In fact, Minkowski was one of the few professors at the ETH that Einstein respected, and when he did attend a lecture given by Minkowski during his final semester at the ETH, Einstein remarked to Louis Kollros that ‘this is the first lecture on mathematical physics we have heard at the Poly’.4


Cutting lectures gave Einstein plenty of time to indulge his passions for: coffee-house discussions with his friends setting the world to rights (including scientific discussions about the latest ideas in physics); the company of women (he always got on well with women, who were charmed by his manners, his music and his masculine good looks); sailing on the lake (where he always took a notebook in case the wind dropped, so that he could scribble down his ideas on physics); and music (combining this with his love of the company of women, Einstein often gave violin recitals in the homes of ladies of his acquaintance). He lived in lodgings in Zurich, getting by financially on an allowance of 100 Swiss francs a month, generously provided by one of his maternal aunts, and supplemented by a little private tuition. Out of this, he set aside 20 francs to save towards the fee he would have to pay when he was eventually awarded Swiss citizenship. On Sundays, he took lunch with the family of Michael Fleischmann, a Zurich businessman, echoing the way the Einsteins had looked after Max Talmey in Munich.


It was music that brought Einstein and his lifelong friend Michele Besso together. Besso was six years older than Einstein and already working as a mechanical engineer. They met at a house where Einstein was among the musicians entertaining a group of students and other people, an important, if informal, social activity in those days before TV, radio or recorded music. It was Besso who introduced Einstein to the work of Ernst Mach, an Austrian philosopher-physicist who had made important contributions to the scientific debate raging at the end of the 19th century concerning the reality of atoms.


From our modern perspective, it is hard to believe that only a little over a hundred years ago people were still arguing about whether or not atoms were real. But this was indeed an important debate, which would influence a great deal of Einstein’s early scientific work and become a significant feature of his annus mirabilis.


Popular accounts of the history of science often tell you that the idea of atoms goes back to the time of the Ancient Greeks, but this is only true up to a point. What is true is that the Greek philosopher Democritus, who lived in the 5th century BC, did discuss the idea that everything is made of tiny, indestructible particles moving through a void (the vacuum) and interacting with one another. But this was never more than a minority view at the time and was dismissed by most of the Ancient Greek thinkers because they could not accept the idea of the void, a genuine nothingness between atoms. The idea was revived from time to time, notably by the Frenchman Pierre Gassendi in the 17th century, but was always dismissed, for the same reason. It was only in the 19th century that a large group of scientists really began to take the idea of atoms seriously, and even then others argued against the idea.


The scientists who took the idea of atoms seriously found evidence supporting it in both chemistry and physics. In the early 1800s, John Dalton, in England, developed the idea that each element (such as hydrogen or oxygen) is made up of a different kind of atom (but with all the atoms of a particular element identical to one another), and that compound substances (such as water) are made up of molecules in which different kinds of atom join together (in this case, as H2O). As early as 1811, jumping off from these chemical discoveries, the Italian Amadeo Avogadro announced his famous hypothesis, that at a given temperature and pressure, equal volumes of gas contain the same number of particles (molecules or atoms), with the clear implication that there is nothing in the space between these particles. But his idea was ignored for decades, and there was no clear idea of the differences between atoms and molecules until the work of Avogadro’s compatriot, Stanislao Cannizaro, in the 1850s.


By then, evidence supporting the idea of molecules was coming in from the physicists. One of the most important practical applications of science in the 19th century concerned the study of heat and motion (known as thermodynamics), which was directly relevant to the application of steam power during the industrial revolution. By studying the way in which heat could be generated and how it flowed from one object to another, scientists came up with laws of thermodynamics to describe the relationship between work and energy on the scale of the kind of machinery that powered the Industrial Revolution – sometimes referred to as the ‘macroscopic’ scale. Physicists such as the Scot James Clerk Maxwell, Hermann von Helmholtz in Germany and the Austrian Ludwig Boltzmann then developed models to describe these macroscopic phenomena in terms of the accumulated effect of huge numbers of atoms and molecules bouncing around and interacting with one another like tiny, hard spheres, obeying the basic laws of mechanics discovered by Isaac Newton 200 years earlier. This behaviour of atoms and molecules at a lower level is often referred to as ‘microscopic’ behaviour, but, crucially, atoms are actually far too small to be seen by any microscope available in the 19th century.


The way the cumulative behaviour of vast numbers of atoms and molecules interacting on the microscopic scale combines to produce measurable effects on the macroscopic scale is called ‘statistical mechanics’. For the particular case of gas trapped in a box, this approach proved an excellent way to explain how the pressure and temperature of the gas change as the box is made smaller or larger and the speed of the molecules and atoms changes; this is known as the ‘kinetic theory’, since it is all about movement.


All of these ideas were in the air in the 1890s and formed the subject of many conversations between Einstein, Grossmann, Besso and their friends, wreathed in tobacco smoke as they lingered over coffee in some Zurich café, or while striding through the countryside on extended walks. The problem was that although ideas like statistical mechanics and the kinetic theory worked at a practical level to provide a mathematical description of what was going on, nobody had seen atoms – more to the point, given the technology of the time it was physically impossible to see atoms. This left the door open for philosophers such as Mach to argue that the atomic hypothesis was no more than a hypothesis, what is known as a ‘heuristic device’, meaning that just because things in the macroscopic world behave as if they were made of atoms that doesn’t prove that they are made of atoms. Mach regarded atoms as no more than a convenient fiction, which provided a basis for physicists to make calculations; anything that could not be detected by the human senses, he argued, was not the proper subject of scientific debate.


Einstein disagreed and argued the case for atoms with his friends. He became obsessed with the idea and determined that if no one else could prove that atoms were real, he would do it himself. As he wrote many years later in his Autobiographical Notes, he determined that as soon as he had graduated from the ETH he would search for evidence ‘which would guarantee as much as possible the existence of atoms of definite finite size’. He succeeded, as we shall see in the next chapter. Important as that success was, though, just as important as the fact that he succeeded is the fact that at the beginning of the 20th century Albert Einstein, widely regarded as the greatest genius of the 20th century, thought that the most important problem facing science was to prove the reality of atoms. That alone shows just how far we have come in the past hundred years.


At first, Einstein did well at the ETH, his brilliance enabling him to shine in his intermediate examinations even though he had not been following the curriculum as diligently as his friend Grossmann. But alongside his studies and his discussions about the latest hot topics in science he developed another passion, one which meshed with his interest in physics but would eventually prove a distraction from his scientific work. It isn’t clear exactly how or when Einstein and Mileva Maric became more than just friends, but their discussions about physics seem to have developed a romantic side by the early summer of 1897. It may be no coincidence that Einstein broke off his relationship with Marie Winteler in the spring of that year, but Mileva seems to have been the first to be seriously affected by the new relationship.


The circumstantial evidence suggests that at about this time Mileva began to fall in love with Einstein and became confused about her future prospects. She had made a huge effort, as a woman, to get a place at the ETH – a foothold on a professional career in science – and seems to have become concerned at the possibility that it might all be wasted if she were to marry, settle down and (as would have been almost inevitable in those days) have children. In the summer of 1897, she went home to her family as normal and kept up a correspondence with Einstein; but at the end of the summer, instead of returning to Zurich she went, without explanation, to Heidelberg. Although this was the home of one of the great German universities, it wasn’t so good for women, who were patronisingly allowed to attend lectures by special permission of individual professors but were not allowed to take a degree. Whatever her motives for this diversion, by April 1898 Mileva was back in Zurich, where Einstein promised to help her catch up with her coursework (using Grossmann’s notes); but, as we shall see, academically she never did make up for this lost time.


Einstein himself sailed through the ‘intermediate diploma examination’, held in October 1898, coming top of his small class with a grade average of 5.7; Grossmann came second with 5.6, and Mileva had to postpone the exam because of the time she had spent in Heidelberg. Einstein’s promised help with her catching up proved to be more of a hindrance than a help, in more ways than one.


In his third year at the ETH, Einstein developed his interest in electromagnetism, and in particular the behaviour of light. Mileva was roped in and used as a sounding board for his ideas – much more exciting than the course-work – when she should have been concentrating on the curriculum. Maxwell (who, as it happens, died in the year Einstein was born, 1879) had discovered a set of equations which describe, among other things, the way electromagnetic waves move. The equations predicted that the speed of those waves would be 300,000 kilometres per second.e Since the speed of light was being measured accurately at around the same time that Maxwell came up with this number (in the 1860s), and the speed of light exactly matches the predicted speed of electromagnetic waves, this was seen as proof that light is a form of electromagnetic vibration.


But what was vibrating? By analogy with the way sound waves propagate as vibrations in the air, or in other substances, in the 19th century physicists thought that light (and other forms of electromagnetic wave) must propagate in the form of vibrations in a tenuous substance they called ‘the ether’. The ether was assumed to fill all of space, and even somehow to fill the atmosphere of the Earth, mingling with the air, to enable light to propagate. It would, though, have to be very tenuous, since planets, and even people, seemed to be able to move through it as if it did not exist. And yet, since the speed with which waves travel depends on the stiffness of the substance they propagate in (so that sound travels faster in steel than in air), it would have to be incredibly stiff – far stiffer than steel.


By the end of the 19th century, unsuccessful attempts were being made to measure the speed of the Earth through the ether, by measuring the speed of light in directions along the line of the Earth’s motion through space and at right angles to its motion; but the speed of light always seemed to be the same, whichever way the experimental apparatus was pointed. Einstein seems to have either been unaware of these experiments or unim-pressed by them, but he was fascinated by Maxwell’s equations and their prediction of a specific speed for light. He now had another ‘thought experiment’ to highlight the mysterious nature of these waves. If you could run at the speed of light while holding a mirror in front of your face, would you be able to see your reflection? Presumably not, since the light leaving your face to bounce off the mirror and come back into your eyes as a reflection would never be able to catch up with the mirror!


But there was something else about Maxwell’s achievement that appealed to Einstein. Maxwell had worked his ideas out entirely theoretically. He had produced his equations and predicted the speed of light without doing an experiment. He had also predicted that there must be other forms of electromagnetic waves, what we now call ‘radio waves’, and these had duly been discovered by the German Heinrich Hertz in 1888. Or rather, Hertz had not discovered radio waves; he had merely detected what Maxwell, the theorist, had ‘discovered’. Instead of experimenters making observations which the theorists then had to try to explain, the theorist had worked it all out on his own. This was what appealed to Einstein: the idea that the power of the human mind and mathematics was alone enough to conjure up deep truths about the world, echoing the way the Greeks had conjured up deep truths about geometry.


As early as the summer of 1899, Einstein wrote to Mileva that:


I’m more and more convinced that the electro-dynamics of moving bodies as it is presented today doesn’t correspond to reality, and that it will be possible to present it in a simpler way.5


And he said in the same letter that it was not possible ‘to ascribe physical meaning’ to the concept of the ether. But he seems to have been unable to take his ideas further at that time, and the discussion of electrodynamics lapsed during his fourth and final year at the ETH. Getting ahead of our story only slightly, the idea of the ether was indeed soon made redundant, and physicists now think of light and other forms of radiation in terms of ‘fields’, rather like the pattern of lines of force that you can see when a bar magnet is placed under a sheet of paper and iron filings are gently sprinkled on top of the paper. Once they are given a push, waves propagate through these fields until they interact with something else.


Einstein’s own interaction with Mileva clearly intensified during their fourth year at the ETH, and it was probably sometime during that year that they decided to get married. They had spent the summer of 1899 apart, with Einstein on holiday with his mother and sister, and Mileva at home revising for her postponed intermediate examination. But although they still had separate lodgings in Zurich on their return, Einstein seems to have spent as much time at hers as in his own, and in a letter written in October 1899 refers to his ‘household’ with Mileva.6 Soon, he was addressing her as ‘Doxerl’ (‘Dolly’, as in ‘little doll’) and she was calling him ‘Johonzel’ (‘Johnny’). In spite of the deepening of their relationship and his neglect of the formal lectures throughout his time at the ETH, by cramming hard using Grossmann’s notes Einstein was able to pass his final examinations. Not gloriously. He came fourth out of the five students sitting the exam, with a grade average of 4.9. But Mileva, who lacked his genius, was unable to make up adequately for lost time; she scored only 4.0 and failed. She did spectacularly badly at maths, in particular, scoring only 2.5 out of the possible 6 marks.


By now of course, Einstein’s parents knew all (or perhaps, not quite all) about his relationship with Mileva. In spite of his rebellious nature and lack of obedience to authority, their Albert had made it through the educational system to earn a diploma which ensured him a respectable job. But when he told them, in the summer of 1900, that he intended to marry ‘Dolly’, they were aghast. In their view he was far too young (only just 21), they weren’t sure about the girl (who was in any case four years older than him), and they believed that a man ought to achieve security (not least, a job) before he even contemplated marriage. Even Einstein’s friends in Zurich seem to have been surprised that a man who was so attractive to women should have chosen this one for his permanent partner. But part of the attraction to him seems to have been the thought of sharing his life with someone he could share everything with, including science. He fantasised in his letters to Mileva about them both getting PhDs and working together on scientific papers that would take the world by storm. But first, she had to retake her examinations at the ETH, and he had to get a job in Zurich at the Poly itself or at the University, so that they could be together.
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