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Praise for Stranger Than We Can Imagine


‘A breathtakingly lucid and coherent map of the tectonic shifts which drastically reshaped the human psyche, and the human world, within a hundred thrilling, terrifying years . . . An illuminating work of massive insight, in Stranger Than We Can Imagine John Higgs informs us of exactly where we’ve been and, by extension, where we are. I cannot recommend this magnificent work too highly’


Alan Moore


‘His entertaining novels and distinctly non-standard biographies have long marked John Higgs out as an ambitious writer, but even by his standards, this is an audacious project . . . Higgs recounts it with wide-ranging erudition and a delightful deadpan humour’


Irish Examiner


‘An alternative history of this weird and wild patch of time that we’ve just clambered out of’


Vice


‘An idiosyncratic, always-provocative view of an era that many people would just as soon forget . . . Higgs crafts of disparate facts and anecdotes a story all his own. Full of unexpected linkages and brightly written, this is an absorbing tour of the twentieth century’


Kirkus Reviews


‘Higgs’s “alternative history” circles in and out of more official, established histories. Yet by following along the mainstream of historical thought, his detours and divergences feel even more exciting . . . It’s stuffed with exciting, counterintuitive examples used to illustrate many of the headier ideas of twentieth-century philosophy’


The Globe and Mail


‘To paraphrase Colonel Kurtz, reading John Higgs is like being shot with a diamond. Suddenly everything becomes terrifyingly clear’


Andrew Male, MOJO


‘In Stranger Than We Can Imagine, [Higgs] broadens his intellectual reach to encompass modernism, situationism, chaos theory, indeterminacy and almost every other byway of that epoch. Higgs’s plate-spinning act is a fine example of learning worn lightly’


Adam Roberts, New Scientist


‘In Stranger Than We Can Imagine, [Higgs] turns to the twentieth-century figures who, he argues, ushered in the present post-postmodernism networked age. They are an eclectic bunch . . . we find that by blocking out some of the century’s more obvious lights, we see, if not the truth, at least a brilliantly stimulating tale’


Dominic Swords, Financial Times


‘A beautiful, erudite, funny and enlightening tour of the widening boundaries of uncertainty revealed in the twentieth century’


Robin Ince
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For Lia, the twentieth century’s post-credits twist,
and for Isaac, the pre-game cutscene of the twenty-first century.
All love, Dad x




‘We needed to do what we wanted to do’
Keith Richards
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In 2010, the Tate Modern gallery in London staged a retrospective of the work of the French post-impressionist painter Paul Gauguin. To visit this exhibition was to spend hours wandering through Gauguin’s vision of a romanticised South Pacific in late nineteenth-century Tahiti. This was a world of vivid colour and guilt-free sexuality. Gauguin’s paintings saw no distinction between mankind, divinity and nature, and by the time you reached the end of the exhibition you felt as if you understood Eden.


Visitors were then spat out next to the Tate’s twentieth-century gallery. There was nothing to prepare them for how brutal walking out of one and into the other would be.


Here were the works of Picasso, Dalí, Ernst and many others. You immediately wondered if the lighting was different, but it was the art that made this room feel cold. The colour palette was predominantly browns, greys, blues and blacks. Splashes of vivid red appeared in places, but not in ways that comforted. With the exception of a later Picasso portrait, greens and yellows were entirely absent.


These were paintings of alien landscapes, incomprehensible structures and troubled dreams. The few human figures that were present were abstracted, formal, and divorced from contact with the natural world. The sculptures were similarly antagonistic. One example was Man Ray’s Cadeau, a sculpture of an iron with nails sticking out of its base in order to rip to shreds any fabric you attempted to smooth. Encountering all this in a state of mind attuned to the visions of Gauguin was not recommended. There was no compassion in that room. We had entered the abstract realm of theory and concept. Coming directly from work that spoke to the heart, the sudden shift to work aimed solely at the head was traumatic.


Gauguin’s work ran up to his death in 1903, so we might have expected a smoother transition into the early twentieth-century gallery. True, his work was hardly typical of his era and only widely appreciated after his death, but the jarring transition still leaves us struggling to answer a very basic question: what the hell happened, at the beginning of the twentieth century, to the human psyche? The Tate Modern is a suitable place to ask questions like this, as it stands as a kind of shrine to the twentieth century. The meaning of the word ‘modern’ in the art world means that it will be forever associated with that period. Seen in this light, the popularity of the gallery reveals both our fascination with those years and our desire to understand them.


There was one antechamber which separated the two exhibitions. It was dominated by an outline of a nineteenth-century industrial town by the Italian-Greek artist Jannis Kounellis, drawn directly onto the wall in charcoal. The sketch was sparse and devoid of human figures. Above it hung a dead jackdaw and a hooded crow, stuck to the wall by arrows. I’m not sure what point the artist was trying to make, but for me the room served as a warning about the gallery I was about to enter. It might have been kinder if the Tate had used this room as a form of decompression chamber, something that could prevent the visual art equivalent of the bends.


The dead birds, the accompanying text suggested, ‘have been seen as symbolising the death throes of imaginative freedom’. But seen in context between Gauguin and the twentieth century, a different interpretation seemed more appropriate. Whatever it was that had died above that nineteenth-century industrial town, it was not imaginative freedom. On the contrary, that monster was about to emerge from the depths.


Recently I was shopping for Christmas presents and went into my local bookshop for a book by Lucy Worsley, my teenage daughter’s favourite historian. If you are lucky enough to have a teenage daughter who has a favourite historian, you don’t need much persuading to encourage this interest.


The history books were in the far corner of the fourth floor, at the very top of the building, as if history was the story of crazed ancestors we need to hide in the attic like characters from Jane Eyre. The book I wanted wasn’t in stock, so I took out my phone to buy it online. I went to shut down an open newspaper app, pressed the wrong icon, and accidentally started a video of a speech made by President Obama a few hours earlier. It was December 2014, and he was talking about whether the hacking of Sony Entertainment, which the President blamed on North Korea, should be regarded as an act of war.


Every now and again there is a moment that brings home how strange life in the twenty-first century can be. There I was in Brighton, England, holding a thin slice of glass and metal which was made in South Korea and ran American software, and which could show me the President of America threatening the Supreme Leader of North Korea. What about this incident would have seemed more incredible at the end of the last century: that this device existed, and allowed me to see the President of the United States while Christmas shopping? That the definition of war could have changed so much that it now included the embarrassing of Sony executives? Or that my fellow shoppers would have been so accepting of my miraculous accidental broadcast?


I was standing next to the twentieth-century history shelves at the time. There were some wonderful books on those shelves, big fat detailed accounts of the century we know most about. Those books act as a roadmap, detailing the journey we took to reach the world we now live in. They tell a clearly defined story of great shifts of geopolitical power: the First World War, the Great Depression, the Second World War, the American Century and the fall of the Berlin Wall. Yet somehow that story fails to lead us into the world we’re in now, adrift in a network of constant surveillance, unsustainable competition, tsunamis of trivia and extraordinary opportunity.


Imagine the twentieth century is a landscape, stretching out in front of you. Imagine that the events of its history are mountains, rivers, woods and valleys. Our problem is not that this era is hidden from us, but that we know too much about it. We all know that this landscape contains the mountains of Pearl Harbor, the Titanic and South African apartheid. We know that in its centre lies the desolation of fascism and the uncertainty of the Cold War. We know people of this land could be cruel, desperate or living in fear, and we know why. The territory has been thoroughly mapped, catalogued and recorded. It can be overwhelming.


Each of the history books in front of me traces a different path through that territory, but those paths are not as different as you might think. Many are written by politicians or political journalists, or have strong political bias. They take the view that it was politicians that defined these troublesome years, so they follow a path that tells that story. Other books have staked out paths through the art or technology of the period. These are perhaps more useful, but can feel abstract and removed from human lives. And while these paths differ, they do converge along well-trodden highways.


Finding a different path through this territory is daunting. A journey through the twentieth century can seem like an epic quest. The gallant adventurers who embark on it first wrestle with three giants, known by the single names of Einstein, Freud and Joyce. They must pass through the forest of quantum indeterminacy and the castle of conceptual art. They avoid the gorgons of Jean-Paul Sartre and Ayn Rand whose glance can turn them to stone, emotionally if not physically, and they must solve the riddles of the Sphinxes of Carl Jung and Timothy Leary. Then things get difficult. The final challenge is to somehow make it through the swamp of postmodernism. It is not, if we are honest, an appealing journey.


Very few of the adventurers who tackle the twentieth century make it through postmodernism and out the other side. More typically, they admit defeat and retreat to base camp. This is the world as it was understood at the end of the nineteenth century, just over the border, safe in friendly territory. We are comfortable with the great discoveries that emerged up until then. Innovations such as electricity or democracy are comprehensible, and we take them in our stride. But is this really the best place for us? The twenty-first century is not going to make any sense at all seen through nineteenth-century eyes.


The territory of the twentieth century includes dark patches of thick, deep woods. The established paths tend to skirt around these areas, visiting briefly but quickly scurrying on as if fearful of becoming entangled. These are areas such as relativity, cubism, the Somme, quantum mechanics, the id, existentialism, Stalin, psychedelics, chaos mathematics and climate change. They have a reputation for initially appearing difficult, and becoming increasingly bewildering the more they are studied. When they first appeared they were so radical that coming to terms with them meant a major remodelling of how we viewed the world. They seemed frightening in the past, but they don’t any more. We’re citizens of the twenty-first century now. We made it through yesterday. We’re about to encounter tomorrow. We can take the dark woods of the twentieth century in our stride.


So this is our plan: we’re going to take a journey through the twentieth century in which we step off the main highways and strike out towards the dark woods. We’re aware that a century is an arbitrary time period. Historians talk about the long nineteenth century (1789–1914) or the short twentieth century (1914–91), because these periods contain clear beginnings and endings. But for our purposes ‘the twentieth century’ will do fine, because we’re taking a journey from when things stopped making sense to where we are now.


If we’re going to make it through, we’re going to have to be selective. There are millions of subjects worthy of inclusion in an account of this period, but we’re not going to get very far if we revisit all of our favourites for the sake of nostalgia. There’s a wealth of fascinating literature and debate behind everything we find, which we will have to ruthlessly avoid getting bogged down in. We’re on a mission, not a cruise. We set out not as historians but as curious travellers, or as adventurers with an agenda, because we are embarking on our travels with a clear sense of what we will be paying attention to.


Our plan is to look at what was genuinely new, unexpected and radical. We’re not concerned by the fallout from those ideas, so take it as read that everywhere we visit caused scandal, anger and furious denouncements by the status quo. Those aftershocks are an important part of history, but focusing on them can disguise an emerging pattern. It is the direction that these new ideas were pointing in that we’ll pay attention to. They point in a broadly coherent direction.


There’s a moment for every generation when memory turns into history. The twentieth century is receding into the distance, and coming into perspective. The events of that century now feel like they belong in the category of history, so this is the right time to take stock.


Here, then, is an alternative route through the landscape of the last century. Its purpose is the same as all paths. It will take you to where you are going.




ONE: RELATIVITY
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Albert Einstein in Chicago, c.1930 (Transcendental Graphics/Getty)





Deleting the omphalos


On the afternoon of 15 February 1894 the French anarchist Martial Bourdin left his rented room in Fitzroy Street in London. He was carrying a homemade bomb and a large amount of money. It was dry and sunny, and he boarded an open-top horse-drawn tram at Westminster. This took him across the river and on to Greenwich.


After leaving the tram he walked across Greenwich Park towards the Royal Observatory. His bomb exploded early, while he was still in the parkland. The explosion destroyed his left hand and a good chunk of his stomach, but did no damage to the observatory. A group of schoolchildren found him lying on the ground, confused and asking to be taken home. Blood and bodily remains were later found over sixty yards away. Bourdin died thirty minutes after the bomb exploded, leaving no explanation for his actions.


The Polish writer Joseph Conrad’s The Secret Agent (1907) was inspired by these events. Conrad summed up the general bewilderment about Bourdin’s actions when he described the bombing as ‘a blood-stained inanity of so fatuous a kind that it is impossible to fathom its origin by any reasonable or even unreasonable process of thought [. . .] One remained faced by the fact of a man blown to pieces for nothing even most remotely resembling an idea, anarchistic or other.’


It wasn’t Bourdin’s politics that puzzled Conrad. The meaning of the term ‘anarchism’ has shifted over the last century, so that it is now commonly understood as an absence of rules where everyone can do whatever they like. Anarchism in Bourdin’s era was focused more on rejecting political structures than on demands for unfettered personal liberty. Nineteenth-century anarchists weren’t claiming the right to total freedom, but they were claiming the right not to be controlled. They recognised, in the words of one of their slogans, ‘No gods, no masters’. In terms of Christian theology, they were committing the sin of pride. This was Satan’s rebellion and the reason he was cast down from Heaven: non serviam, ‘I Will Not Serve.’


Nor was Conrad confused by Bourdin’s desire to plant a bomb. It was the middle of a violent period of anarchist bombings, which began with the assassination of the Russian tsar Alexander II in 1881 and lasted until the outbreak of the First World War. This was fuelled by the ready availability of dynamite and an anarchist concept called the ‘propaganda of the deed’, which argued that individual acts of violence were valuable in themselves because they served to inspire others. The anarchist Leon Czolgosz, to give one example, successfully assassinated the President of the United States William McKinley in September 1901.


No, the baffling question was this: if you were an anarchist on the loose in London with a bomb, why would you head for the Royal Observatory at Greenwich? What did it offer as a target that, for example, Buckingham Palace or the Houses of Parliament lacked? Both of these buildings were closer to where Bourdin lived, had a higher profile, and symbolised the power of the state. Why didn’t he try to blow those up? It seemed that he had recognised some aspect or quality of the Royal Observatory that he felt was significant enough for him to risk his life to destroy.


In events and stories inspired by the Greenwich bombing, little attention is paid to the target. The explosion was fictionalised in Conrad’s novel and that book influenced the American terrorist Ted Kaczynski, better known as the Unabomber. Alfred Hitchcock adapted the story in his 1936 film, Sabotage, in which he updated the bomber’s journey across London from a horse-drawn tram to a more modern bus. Hitchcock had his bomb explode early when the bus was on The Strand, a spooky fictional precursor to an incident sixty years later when an IRA terrorist accidentally blew himself up on a bus just off The Strand.


But while the target of the bombing may have made little sense to Conrad, that does not mean that it was equally meaningless to Bourdin. As the American cyberpunk author William Gibson would note, ‘The future is already here. It is just not very evenly distributed.’ Ideas spread unevenly and travel at unpredictable speeds. Perhaps Bourdin glimpsed something remotely resembling an idea that was otherwise invisible to Conrad. As the twentieth century began, the logic behind his target slowly came into focus.


The earth hurtled through the heavens. On its surface, gentlemen checked their pocket watches.


It was 31 December 1900. The earth swung around the sun and minute hands moved around clock faces. When both hands pointed up to twelve it meant that the earth, after travelling thousands of miles, had reached the required position on its yearly circuit. At that moment the twentieth century would begin.


In ancient history there is a concept called an omphalos. An omphalos is the centre of the world or, more accurately, what was culturally thought to be the centre of the world. Seen in a religious context, the omphalos was also the link between heaven and earth. It was sometimes called the navel of the world or the axis mundi, the world pillar, and it was represented physically by an object such as a pillar or a stone.


An omphalos is a universal symbol common to almost all cultures, but with different locations. To the ancient Japanese, it was Mount Fuji. To the Sioux, it was the Black Hills. In Greek myth, Zeus released two eagles in order to find the centre of the world. They collided above Delphi, so this became the Greek omphalos. Rome itself was the Roman omphalos, for all roads led there, and later still Christian maps became centred on Jerusalem.


On New Year’s Eve 1900, the global omphalos was the Royal Observatory in Greenwich, South London.


The Royal Observatory is an elegant building, founded by Charles II in 1675 and initially designed by Sir Christopher Wren. In 1900 the world was measured from a line that ran north–south through this building. This international standard had been agreed at a conference in Washington DC sixteen years earlier, when delegates from twenty-five countries voted to accept Greenwich as the prime meridian. San Domingo voted against and France and Brazil abstained, but the meeting was largely a formality; 72 per cent of the world’s shipping used sea charts that listed Greenwich as zero degrees latitude, and the USA had already based its time zones on Greenwich.


Here, then, was the centre of the world, a seat of science bestowed by royal patronage. It overlooked the Thames in London, the capital city of the largest empire in history. The twentieth century only began when the clocks in this building declared that it had begun, because the calibrations of those clocks were based on the positions of the stars directly above. This modern, scientific omphalos had not lost the link between heaven and earth.


When you visit the observatory today, at dusk or night, you will see the prime meridian represented by a green laser beam, straight and steady, cutting across the sky. It begins at the observatory and is perfectly aligned to zero degrees latitude. The laser did not exist in 1900, of course. The line then was an idea, a mental projection applied to the real world. From here, a net of similar longitude lines stretched outwards to the west and east, reaching further and further around the curve of the globe until they met at the other side. They crossed a similar set of latitude lines, based at the equator, which stretched out to the north and the south. Together this mental web created a universal time zone and positioning system which could synchronise everyone and everywhere on the planet.


On New Year’s Eve 1900, people took to the streets in different cities and nations around the world and welcomed in the new century. Nearly a hundred years later, the celebrations that marked the next millennium took place on New Year’s Eve 1999 rather than 2000. This was a year early and technically wrong, but few people cared. When the staff at the Greenwich Observatory explained that the twenty-first century didn’t actually start until 1 January 2001, they were dismissed as pedants. Yet at the start of the twentieth century the observatory had authority, and the world celebrated as they dictated. Greenwich was the place that mattered. So it was with some satisfaction that the members of Victorian society present checked their watches, awaited the correct time, and witnessed the birth of a new era.


It appeared, on the surface, to be an ordered, structured era. The Victorian worldview was supported by four pillars: Monarchy, Church, Empire and Newton.


The pillars seemed solid. The British Empire would, in a few years, cover a quarter of the globe. Despite the humiliation of the Boer War, not many realised how badly the Empire had been wounded and fewer still recognised how soon it would collapse. The position of the Church looked similarly secure, despite the advances of science. The authority of the Bible may have been contradicted by Darwin and advances in geology, but society did not deem it polite to dwell too heavily on such matters. The laws of Newton had been thoroughly tested and the ordered, clockwork universe they described seemed incontrovertible. True, there were a few oddities that science puzzled over. The orbit of Mercury, for instance, was proving to be slightly different to what was expected. And then there was also the issue of the aether.


The aether was a theoretical substance that could be described as the fabric of the universe. It was widely accepted that it must exist. Experiments had shown time and time again that light travelled in a wave. A light wave needs something to travel through, just as an ocean wave needs water and a sound wave needs air. The light waves that travel through space from the sun to the earth must pass through something, and that something would be the aether. The problem was that experiments designed to reveal the aether kept failing to find it. Still, this was not considered a serious setback. What was needed was further work and cleverer experiments. The expectation of the discovery of the aether was similar to that surrounding the Higgs boson in the days before the CERN Large Hadron Collider. Scientific wisdom insisted that it must exist, so it was worth creating more and more expensive experiments to locate it.


Scientists had an air of confidence as the new century began. They had a solid framework of knowledge which would withstand further additions and embellishments. As Lord Kelvin was reputed to have remarked in a 1900 lecture, ‘there is nothing new to be discovered in physics now. All that remains is more and more precise measurement.’ Such views were reasonably common. ‘The more important fundamental laws and facts of physical science have all been discovered,’ wrote the German-American physicist Albert Michelson in 1903, ‘and these are now so firmly established that the possibility of their ever being supplanted in consequence of new discoveries is exceedingly remote.’ The astronomer Simon Newcomb is said to have claimed in 1888 that we were ‘probably nearing the limit of all we can know about astronomy’.


The great German physicist Max Planck had been advised by his lecturer, the marvellously named Philipp von Jolly, not to pursue the study of physics because ‘almost everything is already discovered, and all that remains is to fill a few unimportant holes.’ Planck replied that he had no wish to discover new things, only to understand the known fundamentals of the field better. Perhaps unaware of the old maxim that if you want to make God laugh you tell him your plans, he went on to become a founding father of quantum physics.


Scientists did expect some new discoveries. Maxwell’s work on the electromagnetic spectrum suggested that there were new forms of energy to be found at either end of his scale, but these new energies were still expected to obey his equations. Mendeleev’s periodic table hinted that there were new forms of matter out there somewhere, just waiting to be found and named, but it also promised that these new substances would fit neatly into the periodic table and obey its patterns. Both Pasteur’s germ theories and Darwin’s theory of evolution pointed to the existence of unknown forms of life, but also offered to categorise them when they were found. The scientific discoveries to come, in other words, would be wonderful but not surprising. The body of knowledge of the twentieth century would be like that of the nineteenth, but padded out further.


Between 1895 and 1901 H.G. Wells wrote a string of books including The Time Machine, War of the Worlds, The Invisible Man and The First Men in the Moon. In doing so he laid down the blueprints for science fiction, a new genre of ideas and technological speculation which the twentieth century would take to its heart. In 1901 he wrote Anticipations: An Experiment in Prophecy, a series of articles which attempted to predict the coming years and which served to cement his reputation as the leading futurist of the age. Looking at these essays with the benefit of hindsight, and awkwardly skipping past the extreme racism of certain sections, we see that he was successful in an impressive number of predictions. Wells predicted flying machines, and wars fought in the air. He foresaw trains and cars resulting in populations shifting from the cities to the suburbs. He predicted fascist dictatorships, a world war around 1940, and the European Union. He even predicted greater sexual freedom for men and women, a prophecy that he did his best to confirm by embarking on a great number of extramarital affairs.


But there was a lot that Wells wasn’t able to predict: relativity, nuclear weapons, quantum mechanics, microchips, black holes, postmodernism and so forth. These weren’t so much unforeseen, as unforeseeable. His predictions had much in common with the expectations of the scientific world, in that he extrapolated from what was then known. In the words commonly assigned to the English astrophysicist Sir Arthur Eddington, the universe would prove to be not just stranger than we imagine but, ‘stranger than we can imagine’.


These unforeseeable new discoveries would not happen in Greenwich or Britain, where the assembled dignitaries were comfortable with the structure of the world. Nor would they appear in the United States, or at least not initially, even though the opening up of the Texas oilfields around this time would have a massive impact on the world to come. At the beginning of the twentieth century it was in the cafés, universities and journals of Germany and the German-speaking people of Switzerland and Austria that the real interest in testing and debating radical ideas lay.


If we had to choose one town as the birthplace of the twentieth century then our prime contender must be Zurich, an ancient city which straddles the River Limmat just north of the Swiss Alps. In the year 1900 it was a thriving town of tree-lined streets and buildings which managed to be both imposing and pretty at the same time. It was here, at the Zurich Polytechnic, that twenty-one-year-old Albert Einstein and his girlfriend Mileva Marić were about to come bottom in their class.


Einstein’s career did not then appear promising. He was a rebellious and free-spirited young man who had already renounced both his Jewish religion and his German citizenship. Six months earlier, in July 1899, he clumsily caused an explosion in the physics lab which damaged his right hand and temporarily stopped him from playing his beloved violin. His Bohemian personality caused him to clash with the academic authorities and prevented him from gaining a job as a physicist when he finally graduated. There was little sign that the world of science would take any notice of this stubborn, belligerent young man.


There’s been some debate about the role of Marić, whom he married in 1903, in Einstein’s early achievements. Marić was not the sort of woman that early twentieth-century society approved of. She was one of the first women in Europe to study mathematics and physics. There was a good deal of prejudice about her Slavic background, and the fact that she suffered from a limp. Einstein, however, had no interest in the dull prejudices of his time. There was an intensity about her that entranced him. She was, as his many love letters make clear, his ‘little witch’ and his ‘wild street urchin’ and, for a few years at least, they were everything to each other.


Marić believed in Einstein. A muse can bring out the genius inside a scientist just as with an artist. It took a rare and youthful arrogance to even consider attempting what Einstein was about to do. With the love of Marić validating his belief in himself, and the intellectual freedom he never would have had if he’d found an academic position, Albert Einstein rewrote our understanding of the universe.


‘So what are you up to,’ Einstein wrote to his friend Conrad Habicht in May 1905, ‘you frozen whale, you smoked, dried piece of soul? Such a solemn air of silence has descended between us that I almost feel as if I am committing a sacrilege with some inconsequential babble . . .’


During the ‘inconsequential babble’ of the letter that followed Einstein casually described four papers that he was working on. Any one of them would have been a career-making achievement. That he produced all four in such a short space of time is almost unbelievable. Science historians have taken to referring to 1905 as Einstein’s ‘miracle year’. It is not often that historians of science reach for the word ‘miracle’.


Einstein’s work in 1905 recalls the achievements of Isaac Newton in 1666, when the plague closed Cambridge University and Newton returned to his mother’s home in rural Lincolnshire. He used the time to develop calculus, a theory of colour and the laws of gravity, immortalising himself as Britain’s greatest scientific genius as he did so. Einstein’s achievement is more impressive when you consider that he wasn’t idling about under apple trees but holding down a full-time job. He was then employed at the patent office in Bern, having failed to gain employment as a physicist. Incredibly, he wrote these four papers in his spare time.


‘The first [of his proposed papers] deals with radiation and the energy properties of light and is very revolutionary,’ he wrote. This is no overstatement. In it he argued that light consists of discrete units, or what we now call photons, and that the aether doesn’t exist. As we shall see later, this paper inadvertently laid the groundwork for quantum physics and a model of the universe so strange and counterintuitive that Einstein himself would spend most of his life trying to deny the implications.


‘The second paper is a determination of the true sizes of atoms.’ This was the least controversial of the papers, being useful physics that did not overturn any established ideas. It gained Einstein his doctorate. His third paper used statistical analysis of the movement of visible particles in water to prove beyond doubt the existence of atoms, something that had been widely suspected but never conclusively proved.


Einstein’s most significant discovery came from pondering a seeming contradiction between two different laws of physics. ‘The fourth paper is only a rough draft at this point, and is an electrodynamics of moving bodies which employs a modification of the theory of space and time,’ he wrote. This would become the Special Theory of Relativity. Together with the broader General Theory of Relativity he produced ten years later, it overturned the graceful, clockwork universe described by Newton.


Relativity showed that we lived in a stranger, more complex universe where space and time were no longer fixed, but could be stretched by mass and motion. This was a universe of black holes and warped space-time that seemed to have little in common with the everyday world in which we live. Relativity is often presented in ways that make it appear incomprehensible, but the core idea at its heart can be grasped surprisingly easily.


Imagine the deepest, darkest, emptiest chunk of space possible, far removed from stars, planets or any other influence. In this deep void imagine that you are floating, snug and warm in a space suit. Importantly, imagine that you are not moving.


Then imagine that a cup of tea comes slowly floating past, and eventually disappears into the distance.


At first glance, this scenario sounds reasonable. Newton’s First Law says that an object will continue to remain at rest, or will move in a straight line at a constant velocity, unless some external force acts on it. Clearly, this is a perfect description of the behaviour of both you and the cup of tea.


But how could we say that you were at rest? Einstein would ask. How do we know that it’s not the cup of tea that’s at rest, and you that are moving past it? Both situations would appear identical from your point of view. And also, from the point of view of the cup of tea.


Galileo was told in the 1630s that it wasn’t possible the earth was going around the sun, because we on earth do not feel like we are moving. But Galileo knew that if you were moving smoothly, without accelerating or decelerating, and if there were no visible or audible clues to movement, then you would not be aware of your motion. He argued that you cannot claim to be ‘at rest’, because it is impossible to tell the difference between a moving object and a stationary one without some form of external reference to compare it against.


This may sound like a dubious, pedantic point. Surely, you might think, you are either moving or not moving, even if there’s nothing else around. How could anyone claim that the statement ‘you are at rest’ is absurd or meaningless?


Schoolchildren are taught to plot the position of objects by drawing diagrams that show their distance from a fixed point in terms of height, length and depth. These are called the x, y and z axis, and the fixed point is usually called O or the origin. This is an omphalos, from which all the other distances are measured. The territory marked out by these x, y and z axes is called Cartesian space. In this framework, it would be simple to tell whether the astronaut and the cup of tea were static or moving by noting whether their coordinates in Cartesian space changed over time.


But if you had shown that illustration to Einstein he would have leant over with an eraser and removed the origin, and then rubbed out the x, y and z axis while he was at it.


He wouldn’t be deleting ‘space’ itself. He would be removing the frame of reference that we were using to define space. He would do this because it was not a feature of the real world. That framework of Cartesian space is a product of our minds, like the longitude lines stretching away from Greenwich, which we project onto the cosmos in order to get a grip on it. It does not really exist. Also, it is arbitrary. That framework could have been centred anywhere.


Instinctively we feel that we or the tea must be moving – or not – against some form of definitive ‘background’. But if there is a definitive background, what could it be?


In our everyday lives the solid ground beneath our feet is a point of reference that we unconsciously judge everything by. Living with such a clear fixed point makes it hard to imagine one not existing. But how fixed is the ground? We have known that continents are slowly moving since the acceptance of plate tectonics in the 1960s. If we are seeking a fixed point, it is not the land that we stand on.


Could we instead define our position with the very centre of the earth? This isn’t fixed either, because the earth is moving around the sun at over 100,000 km/h. Or perhaps we can define the sun as our fixed point? The sun is moving at 220 km/s around the centre of the Milky Way galaxy. The Milky Way, in turn is moving at 552 km/s, relative to the rest of the universe.


What of the universe itself? As a last-ditch and somewhat extreme attempt to locate a fixed point, could we not declare the centre of the universe to be our omphalos? The answer, once more, is no. There is no ‘centre of the universe’, as we will see later, but for now we can also reject the idea for being ridiculously impractical.


So how can we say anything definite about our position, or that of the cup of tea? There may not be a real ‘fixed point’ which we can use, but we are still free to project our own frames of reference wherever we like. We can create a reference frame centred on ourselves, for example, which allows us to say that the tea is moving relative to us. Or we can create one centred on the tea, which would mean that we were moving relative to the cup. What we can’t do is say that one of these frames of reference is correct or more valid than the other. To say that the tea moved past us would be to declare our innate, tea-ist prejudice.


There is an apt example of how one frame of reference is no more valid than another in Einstein’s 1917 book, Relativity. In the original German-language edition, he used Potsdamer Platz in Berlin as the frame of reference in one example. When the book was translated into English, this was changed to Trafalgar Square in London. By the time the book was out of copyright and made available online as an eBook, this had been changed to Times Square in New York because, in the opinion of the editor, ‘this is the most well known/ identifiable location to English speakers in the present day.’ What is important about the reference point, in other words, is that it has been defined as the reference point. Practically, it could be anywhere.


The first step towards understanding relativity, then, is to accept this: a statement of position is only meaningful when it has been defined along with its frame of reference. We can choose whatever frame of reference we like, but we can’t say that it has more validity than any other.


With that in mind, let us return to Zurich in 1914.


Einstein gets on a steam train in Zurich and travels to Berlin. He is leaving his wife Marić and their two surviving children in order to begin a new life with his cousin, who will later become his second wife. Imagine that the train travels in a straight line at a constant speed of 100 km/h, and that at one point he stands, holds a sausage at head height, and drops it on the floor.


This raises two questions: how far does the sausage fall, and why is he leaving his wife? Of these two questions Einstein would have found the first one to be the most interesting, so this is what we will focus on.


Let us say he holds the sausage up to a height of five feet above the train floor and drops it. It lands, as you would expect, near to his scuffed shoes, directly below his raised hand. We can say that it has fallen five feet exactly. As we have just seen, such a statement only makes sense when the frame of reference is defined. Here we take Einstein’s frame of reference, that of the inside of the train carriage, and we can say that relative to that, the sausage fell five feet.


What other frames of reference could we use? Imagine there is a mouse on the railway track, and that the train rumbles safely over the mouse as Einstein drops his sausage. How far would the sausage fall if we use this mouse as a point of reference?


The sausage still starts in Einstein’s hand and lands by his feet. But, as far as the mouse is concerned, Einstein and the sausage are also moving over him during the sausage’s fall. During the period between Einstein letting go of the sausage and it hitting the floor, it will have moved a certain distance along the track. The position of his feet when the sausage lands is further down the track than the position of the hand at the moment it was dropped. The sausage has still fallen five feet downwards, relative to the mouse, but it has also travelled a certain distance in the direction the train is travelling in. If you were to measure the distance taken by the sausage between the hand and the floor, relative to the mouse, its path would be at an angle rather than pointing straight down, and that means it would have travelled further than five feet.


This is, instinctively, something of a shock. The distance that the sausage moves changes when it is measured from different frames of reference. The sausage travelled further from the mouse’s perspective than it did from Einstein’s. And, as we have seen, we cannot say that one frame of reference is more valid than any other. If this is the case, how can we make any definitive statements about distance? All we can do is say that the sausage fell a certain distance relative to a particular frame of reference, and that distance can be different when measured from other frames of reference.


This is only the beginning of our troubles. How long did the sausage take to fall? As you can appreciate, a sausage that falls more than five feet will take longer than one that just falls five feet. This leaves us with the slightly disturbing conclusion that dropping the sausage took less time from Einstein’s point of view than it did for the mouse.


Just as we live with the constant fixed point of the ground beneath us, we believe that there is a constant, universal time ticking away in the background. Imagine the bustle of commuters crossing Westminster Bridge in London, with the Houses of Parliament and the clock face of Big Ben up above them. The clock is suspended above the suited people below, ticking away with absolute regularity, unaffected by the lives going on beneath it. This is similar to how we intuitively feel time must work. It is beyond us, and unaffected by what we do. But Einstein realised that this was not the case. Time, like space, differs according to circumstances.


All this seems to leave us in a tricky situation. Measurements of time and space differ depending on which frame of reference we use, but there is no ‘correct’ or ‘absolute’ frame of reference that we can rely on. What is observed is dependent, in part, on the observer. At first glance, it appears that this leaves us in a desperate situation, one where every measurement is relative and cannot be said to be definitive or ‘true’.


In order to escape from this hole, Einstein reached for mathematics.


According to well-established physics, light (and all other forms of electromagnetic radiation) must always move at a particular speed when it travels through a vacuum. This speed, nearly 300,000,000 metres per second, is known to mathematicians as ‘c’ and to non-mathematicians as ‘the speed of light’. How, though, can this be the case when, as we have seen, measurements differ depending on the frame of reference?


In particular, there is the law of addition of velocities to consider. Consider a scene in a James Bond movie where James Bond is shot at by the henchman of an evil villain. We don’t need to worry whether Bond will be killed, as henchmen are notoriously bad shots. Instead, let us worry about how fast that bullet will be travelling when it sails harmlessly over his head. Imagine, for the sake of argument, the speed of the bullet from the gun was 1,000 mph. If the henchman was driving towards Bond on a snowmobile when he fired, and if the snowmobile was travelling at 80 mph, then the velocity of the bullet would be these speeds added together, or 1,080 mph. If Bond was skiing away at 20 mph at the time, then this would also need to be factored in, and the bullet would then have a velocity relative to Bond of 1,060 mph.


Now back to Einstein on the steam train, who has swapped his sausage for a torch which he shines along the length of the dining carriage. From his point of view, the photons emitted from the torch travel at the speed of light (strictly speaking the train would need to be in a vacuum for them to reach this speed, but we’ll ignore such details so that he doesn’t suffocate). Yet for a static observer who was not on the train, such as the mouse from earlier or a badger underneath a nearby tree, the photons would appear to travel at the speed of light plus the speed of the train, which, clearly, is a different speed to the speed of light. Here we have what appears to be a fundamental contradiction in the laws of physics, between the law of addition of velocities and the rule that electromagnetic waves must always travel at the speed of light.


Something is not right here. In an effort to resolve this difficulty we might ask if the law of addition of velocities is in some way flawed, or if the speed of light is as certain as claimed. Einstein looked at these two laws, decided that they were both fine, and came to a startling conclusion. The speed of light, nearly 300,000,000 metres per second, was not the problem. It was the ‘metres’ and ‘seconds’ that were the problem. Einstein realised that when an object travelled at speed, space got shorter and time moved slower.


Einstein backed up this bold insight by diving into the world of mathematics. The main tool that he used was a technique called a Lorentz transformation, which was a method that allowed him to convert between measurements taken from different frames of reference. By mathematically factoring out those different reference frames, Einstein was able to talk objectively about time and space and demonstrate exactly how they were affected by motion.


Just to complicate matters further, it is not just motion that shrinks time and space. Gravity has a similar effect, as Einstein discovered in his General Theory of Relativity ten years later. Someone living in a ground-floor flat will age slower than their neighbour living on the first floor because the gravity is fractionally stronger closer to the ground. The effect is tiny, of course. The difference would be less than a millionth of a second over a lifespan of eighty years. Yet it is a real effect nonetheless, and it has been measured in the real world. If you get two identical, highly accurate clocks and put one on an aeroplane while keeping the other still, the clock that has flown at speed will show that less time has passed than that measured by the static clock. The satellites that your car’s satellite navigation system rely on are only accurate because they factor in the effect of the earth’s gravity and their speed when they calculate positions. It is Einstein’s maths, not our common-sense concept of three-dimensional space, which accurately describes the universe we live in.


How can non-mathematicians understand Einstein’s mathematical world, which he called space-time? We are trapped in the reference frames that we use to understand our regular world, and we are unable to escape to his higher mathematical perspective where their contradictions melt away. Our best hope is to look downwards at a more constrained perspective that we can understand, and use that as an analogy for imagining space-time.


Imagine a flat, two-dimensional world where there is length and breadth but no height. The Victorian teacher Edwin Abbott Abbott wrote a wonderful novella about such a place, which he called Flatland. Even if you are not familiar with this book, you can picture such a world easily by holding a piece of paper in front of you and imagining that things lived in it.


If this piece of paper were a world populated by little flat beings, as in Abbott’s story, they would not be aware of you holding the paper. They could not comprehend our three-dimensional world, having no concept of ‘up’. If you were to bend and flex the paper they would not notice, for they have no understanding of the dimension in which these changes are taking place. It would all seem reassuringly flat to them.


Now imagine that you roll the paper into a tube. Our little flat friends will still not realise anything has happened. But they will be surprised when they discover that, if they walk in one direction for long enough, they no longer reach the end of the world but instead arrive back where they started. If their two-dimensional world is shaped like a tube or a globe, like the skin of a football, how could these people explain those bewildering journeys that do not end? It took mankind long enough to accept that we live on a round planet even though we possessed footballs and had the advantage of understanding the concept of globes, yet these flat critters don’t even have the idea of globes to give them a clue. They will need to wait until there comes among them a flat equivalent of Einstein, who would use strange arcane mathematics to argue that their flat world must exist in a higher-dimensional universe, where some three-dimensional swine was bending the flat world for their own unknowable reasons. The other flat critters would find all this bewildering, but given time they will discover that their measurements, experiments and regular long walks fit Flat Einstein’s predictions. They would then be confronted with the realisation that there is a higher dimension after all, regardless of how ludicrous this might seem or how impossible it is to imagine.


We are in a similar position to these flat creatures. We have measurements and data that can only be explained by the mathematics of space-time, yet space-time remains incomprehensible to the majority of us. This is not helped by the glee with which scientists describe the stranger aspects of relativity instead of explaining what it is and how it relates to the world we know. Most people will have heard the example of how, should a distant observer see you fall into a black hole, you would appear to take an infinite amount of time to fall even though you yourself thought you fell quickly. Physicists love that sort of stuff. Befuddlement thrills them, but not everyone benefits from being befuddled.


It is true that space-time is a deeply weird place from a human perspective, where time behaves like any other dimension and concepts such as ‘future’ and ‘past’ do not apply as we normally understand them. But the beauty of space-time is that, once understood, it removes strangeness, not creates it. All sorts of anomalous measurements, such as the orbit of Mercury or the way light bends around massive stars, lose their mystery and contradictions. The incident where the cup of tea may or may not pass you in deep space becomes perfectly clear and uncontroversial. Nothing is at rest, unless it is defined as being so.


General Relativity made Einstein a global celebrity. He made an immediate impression on the public, thanks to press photographs of his unkempt hair, crumpled clothes and kind, smiling eyes. The idea of a ‘funny little man’ from the European continent with a mind that could see what others could not was a likeable archetype, one which Agatha Christie put to good use when she created Poirot in 1920. The fact that Einstein was a German Jew only added to the interest.


The reception of Einstein and relativity shows a world more interested in the man than his ideas. Many writers took an almost gleeful pleasure in their failure to understand his theories, and the idea that relativity was impossible for normal people to comprehend soon took hold. Contemporary press reports claimed that there were only twelve people in the world who could understand it. When Einstein visited Washington in 1921 the Senate felt the need to debate his theory, with a number of Senators arguing that it was incomprehensible. President Harding was happy to admit that he didn’t understand it. Chaim Weizmann, later the first President of Israel, accompanied Einstein on an Atlantic crossing. ‘During the crossing Einstein explained relativity to me every day,’ he remarked, ‘and by the time we arrived I was fully convinced that he really understands it.’


Relativity arrived too late for the anarchist Martial Bourdin. He wanted to destroy Greenwich Observatory, which was symbolically the omphalos of the British Empire and its system of order which stretched around the entire globe. But omphaloi, Albert Einstein taught us, are entirely arbitrary. Had Bourdin waited for the General Theory of Relativity, he might have realised that it was not necessary to build a bomb. All that was needed was to recognise that an omphalos was a fiction in the first place.




TWO: MODERNISM


[image: image]


A scene from The Rite of Spring at the Théâtre des Champs-Élysées, 1913 (Keystone-France/Getty)





The shock of the new


In March 1917 the Philadelphia-based modernist painter George Biddle hired a forty-two-year-old German woman as a model. She visited him in his studio, and Biddle told her that he wished to see her naked. The model threw open her scarlet raincoat. Underneath, she was nude apart from a bra made from two tomato cans and green string, and a small birdcage housing a sorry-looking canary, which hung around her neck. Her only other items of clothing were a large number of curtain rings, recently stolen from Wanamaker’s department store, which covered one arm, and a hat which was decorated with carrots, beets and other vegetables.


Poor George Biddle. There he was, thinking that he was the artist and that the woman in front of him, Baroness Elsa von Freytag-Loringhoven, was his model. With one quick reveal the baroness announced that she was the artist, and he simply her audience.


Then a well-known figure on the New York avant garde art scene, Baroness Elsa was a performance artist, poet and sculptor. She wore cakes as hats, spoons as earrings, black lipstick and postage stamps as makeup. She lived in abject poverty surrounded by her pet dogs and the mice and rats in her apartment, which she fed and encouraged. She was regularly arrested and incarcerated for offences such as petty theft or public nudity. At a time when societal restrictions on female appearance were only starting to soften, she would shave her head, or dye her hair vermilion.


Her work was championed by Ernest Hemingway and Ezra Pound; she was an associate of artists including Man Ray and Marcel Duchamp, and those who met her did not forget her quickly. Yet the baroness remains invisible in most accounts of the early twentieth-century art world. You see glimpses of her in letters and journals from the time, which portray her as difficult, cold or outright insane, with frequent references to her body odour. Much of what we know about her early life is based on a draft of her memoirs she wrote in a psychiatric asylum in Berlin in 1925, two years before her death.
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