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Part I

Order and Romance




















1

Wondering High and Low







It had been one of those summer days when the air is still and thick with heat. The walk up the fell had been ambitious, foolish even, given the forecast of record high temperatures. But I was now down from the tops, sitting with my feet dangling in the deliciously cold waters of the beck. A kaleidoscope of pebbles, smooth and sensuously shiny in their lizard greens and browns, pale yellows and reds, glistening beneath the ripples and rills.


I lay back on the grass. The sky was a soft, milky blue. In the distance, clouds were beginning to rise and tower. A buzzard, too, was catching the last of the day’s thermals as it leisurely circled high above. It was late afternoon and the sun was sinking behind Bow Fell. Shadows stretched down the dale, and although struggling to be seen, a faint half-moon was rising low in the east, circling the Earth as the Earth circles the Sun.


Socks back on, boots laced and a slow walk back to the car. Great Langdale, a valley in the English Lake District, is an ancient landscape. Its rocky roots stretch back nearly half a billion years. Like all mountains, the fells inspire both poetry and prose. They evoke feelings of the sublime. In her book, Vesper Flights, the writer and naturalist Helen Macdonald talks of times when, immersed in nature, the world ‘stutters, turns and fills with unexpected meaning. When rapturousness claims a moment and transfigures it. … Love, beauty, mystery. Epiphanies, I suppose. Occasions of grace.’1


Samuel Taylor Coleridge felt that untamed landscapes, and raw nature in particular, have the power to excite and cause us to wonder. In 1802, finding himself alone on the summit of Scafell, he noticed storm clouds approaching. In his eagerness to get down, he took what proved to be a precipitous and hazardous route that left him in a thrilling state of tremble and terror: ‘the sight of the Crags above me on each side, and the impetuous clouds just over them, posting so luridly and so rapidly northward, overawed me. I lay in a state of almost prophetic Trance and Delight.’2


High on the summit of Ben Hope, the writer Robert Macfarlane also felt, and feared, the majestic indifference of nature. ‘All travellers to wild places’, he wrote, ‘will have felt some version of this, a brief blazing perception of the world’s disinterest. In small measures it exhilarates. But in full form it annihilates.’3


I reached the car park. There was a distant rumble of thunder, another reminder of nature’s power to frighten and excite.


Sensually then, there was a lot going on. I was pleasantly tired. The heat only added to a drowsy contentment. I had drunk most of my water. The hotel bar by the car park was doing a brisk trade. I bought a pint of ice-cold shandy and sat down in the shade of a table umbrella.


Another distant thundery growl. The clouds boiled higher, darker as the fast-rising, humid air cooled and condensed. Two hundred years earlier, two Lakeland characters had taken a particular interest in the weather, in general, and clouds and water vapour, in particular. A threatening storm would certainly have excited their interest.


John Dalton was born on 6 September 1766, one of six children. His father was a weaver. The family lived in Eaglesfield, a small village a couple of miles south-west of Cockermouth below the Lake District’s western Fells. Elihu Robinson, a fellow Quaker and a leading figure in Eaglesfield, took an interest in the young boy, who was clearly bright and keen to learn. He taught Dalton to think scientifically and encouraged him to observe and record the weather using a variety of measuring instruments. From the age of twenty-two until his death fifty-seven years later, Dalton kept a daily record of the weather. However, his lasting fame is not as a meteorologist, although he did important work in that field, but rather as the father of the atomic theory of chemistry and how the elements combine to form compounds.4


Jonathan Otley was born in Nook House near Loughrigg Tarn on 19 January 1766, the same year as John Dalton. The house, also known less prettily as Scroggs House, was tucked beneath the western slopes of Loughrigg Fell, only a few miles down the dale from where I was finishing my shandy. Otley became a watchmaker and instrument repairer based in Keswick.5


Dalton and Otley first met by accident on 6 July 1812. They were both on their way up Skiddaw when they bumped into each other. Otley noticed that Dalton was carrying a barometer to measure air pressure and estimate height. Naturally this piqued Otley’s professional interest. The two men got talking and learned that they shared a deep fascination with the weather, including their taking daily readings of the wind and rain, humidity and temperature, pressure and height. This was the beginnings of a sustained friendship forged by a mutual interest, obsession even, with all things wet and windy.


Although Dalton lived most of his adult life in Manchester, he would holiday in the Lakes were he continued his practice of taking daily weather readings. His favourite mountain was Helvellyn. Over the course of his life, he reckoned he’d climbed the fell over forty times, always taking note of the wind and the rain, temperature and humidity, always taking a scientific interest in whatever was happening around him.


However, Dalton was not the only famous scientist to enjoy climbing Helvellyn. As a young man, the chemist Humphry Davy had become friends with the poets Robert Southey and Samuel Taylor Coleridge when all three were living in Bristol. In 1795 Coleridge married Sarah Fricker. A couple of months later Southey married Sarah’s sister Edith. In 1800 the Coleridges moved into Greta Hall in Keswick, Lakeland. This allowed the family to remain in neighbourly proximity with their friends, William, Mary, his wife, and Dorothy Wordsworth, his sister, who were then living in Dove Cottage, Grasmere. In the late summer of 1803, Southey and Edith travelled up to Keswick to holiday with the Coleridges. The plan was to stay a couple of months but, in the event, the Southeys spent the rest of their lives living in the town.


Coleridge had been growing increasingly unhappy with his marriage to Sarah. In December 1803, restless and depressed, he walked out on his wife and children. Southey decided to do the decent thing. He and Edith stayed on at Greta Hall to help support and look after Sarah – Coleridge’s abandoned wife – and her three living children.6


Humphry Davy would make periodic visits to the Lake District, on these occasions staying at Greta Hall with the Southeys, Coleridges’ wife Sarah and their children. It was during one of these visits that Davy finally met the Wordsworths. On one famous occasion in 1805, Davy joined Southey, Wordsworth and the novelist Walter Scott on a walk to the top of Helvellyn. Although Davy was destined to become a world-famous scientist, he never gave up his love of poetry, not just reading verse but also writing poems himself.7


Lakes, hills and weather have a habit of inspiring, not just poets but scientists too. The scientists wanted to explain and make sense of what they saw, both above and below. Why do clouds form as humid air rises over mountains? What are rocks made of? How old are they? By the late eighteenth century, mountains, in particular, were beginning to attract increasing scientific interest. Botanists, meteorologists, geologists, mineralogists, physicists, astronomers and mapmakers all began climbing the hills, collecting flowers, examining rocks, measuring the pressure of the air, testing humidity and looking up at the stars.


These pioneering naturalists were also keen, as Simon Bainbridge points out in his book, Mountaineering and British Romanticism, to describe their ascents ‘among the rocks and precipices’.8 They experienced the craggy tops as sublime, dangerous and perilous. They viewed their exploits as brave and heroic, but all done in the name of science. The grandeur and beauty seemed to fire their scientific imagination every bit as much as the poet’s sensibilities. From these great heights, the world was being seen anew. Nature’s mysteries lay all around, her secrets ready to be unveiled.


In contrast, the poets sought to understand and communicate what they felt and experienced as they wandered over the fells and amongst the flowers. They wanted to explore the human condition. What is our relationship with nature? What is our place in a world seemingly indifferent to our existence? In his poem, The Prelude, Wordsworth described himself as a ‘Child of the mountains’. Like many Romantic poets, he felt that his relationship with mountains was visceral. Although no fell walker himself, William Blake said that: ‘Great things are done when men and mountains meet.’9


Sitting by a tumbling stream, with all our senses alert, the world is experienced without division. Sight, sound, the brush of the breeze, the smell of grass immerse us in a seamless reality. Dissolved in nature, we enjoy the continuous flow of sensation. Indeed, the most fundamental aspect of being human is having a body. Experience is only possible because we have a body with senses. We know the world through our senses. For poets, climbing rugged terrains brought all the senses into play, the inner self could be experienced in all its registers, and the imagination could soar.


However, there were others who thought there was a tension between the poetic gaze and the scientific quest. The historian Theodore Roszak saw a conflict between the objective consciousness of the scientist and the vision and imagination of seers, mystics and artists, who felt themselves to be in touch with a different kind of reality.10 William Blake feared that scientists were squeezing the mystery out of the universe, while poets, he famously wrote in the opening lines of his poem, Auguries of Innocence, were able:




To see a World in a Grain of Sand


And a Heaven in a Wild Flower,


Hold Infinity in the palm of your hand


And Eternity in an hour.





However, the argument in this book is that in both cases, to be at their creative best, scientists and poets alike first need to feel an overwhelming sense of wonder. In the minds of the curious, nature in all its glorious confusion, profusion and complexity invites the question, ‘what’s it all about?’11


The ancient Greeks were amongst the first to appreciate that wonder has the power to stretch the imagination. Feelings of wonder lead us to philosophise. Our thoughts are stimulated by nature’s mysteries and secrets. We are curious whenever we meet the puzzling and peculiar. Our feelings, too, are heightened when we experience the sublime and beautiful. It is our capacity to wonder that gives rise to both the arts and sciences.


When we turn our gaze outwards and examine the world objectively, we want to explain. We ask, what is going on here? Why do things do what they do? Why are things like they are? Most dizzying of all, why is there something rather than nothing? These are the questions posed by natural philosophers and the men and women of science.


It is also the case, however, that, when we look out across a boundless sea or stare into a starry sky, our senses tremble. We feel ecstatic. In such moments, romance outshines reason. We reflect on our inner selves and our subjective experiences of being in the world. We even think about the very meaning of life and our presence in the universe. This is how poets, painters and musicians respond to nature.


Moreover, it’s not just the grand and cosmic that can evoke such feelings. The exquisitely small can also enrapture us. Julian of Norwich, born in 1343, was an anchoress. In her little cell attached to St Julian’s church, she meditated on life and its wonders. In her book, Revelations of Divine Love – the first book believed to have been written in English by a woman – she reflects:




And in this he showed me a little thing, the quantity of a hazel nut, lying in the palm of my hand, as it seemed. And it was as round as any ball. I looked upon it with the eye of my understanding, and thought, ‘What may this be?’ And it was answered generally thus, ‘It is all that is made.’ I marvelled how it might last, for I thought it might suddenly have fallen to nothing for littleness.12
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The biographer, Richard Holmes, describes the late eighteenth and early nineteenth centuries as The Age of Wonder.13 It was a time of Romantic science as well as Romantic poetry. Davy and Dalton were celebrating the power of human reason to fathom nature’s deepest secrets. Science was revealing nature to be more fluid, dynamic and energetic than previously thought. Constant change lay beneath the fabric of reality.


Coleridge and Wordsworth preferred to experience nature directly through the senses, unmediated by thought or theory. Amongst the flowers, by the streams, in the mountains, they sought to ‘re-enchant’ nature. ‘My opinion’, wrote Coleridge, ‘is that deep Thinking is only attainable by a man of deep Feeling, and that all truth is a species of Revelation.’14 It was on their shared walk up the slopes of Helvellyn that both scientists and poets had cause to wonder as they climbed over ancient rocks, rambled by tumbling becks and wandered beneath vast skies.
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The gift of wonder is often at its most intense when we meet the strange and surprising. But we can also find ourselves wondering whenever we see and think about the everyday and familiar in a new light. Some people have a talent for this kind of thinking. Einstein’s remarkable thought experiments allowed him to develop his revolutionary ideas about space and time. In his mind he wondered what things would look like if you could ride on a wave of light, at the speed of light. This talent to see the world from a different or unusual point of view can promote an original turn of mind.


Aronson and his colleagues give the example of Richard Feynman, the Nobel prize-winning physicist.15 When he was a boy, Feynman’s father would challenge the child’s intellect by, for example, asking him to pretend that he was a tiny creature living in the carpet. What would the world look like if you were very, very small? Would the carpet’s fibres rise like giant, branchless trees into a distant magnolia coloured sky? Such ‘games’ encourage children to see things from an unusual point of view. Feynman was famous for his brilliant ability to understand and explain the complexity and weirdness of the world at the sub-atomic, quantum level using images and ideas that could be grasped even by those who struggle with the abstract world of mathematics.


It is when we wonder that we also wish to understand. We become curious and begin to ask questions. Wonder and curiosity are the twin drivers that fire our imaginations and fuel our creativity. The beginnings of these creative urges are further aided by two other human characteristics; and it is these two proclivities that spin and spill their way throughout this book. On the one hand, there is the urge to discover order and see patterns in the world: science; and, on the other, there is our need to tell stories and find meaning: art.















2

Order and Meaning







We are pattern-seekers. We look for order and logic in what otherwise might appear random, meaningless and, indeed, chaotic. In her memoir, the novelist Penelope Lively explains her need for order.1 She likes to name things, specifically. She has to know whether a fossil ammonite is some kind of asteroceras or promicroceras. The desire to label, organise and make sense of the natural world became particularly strong in the eighteenth century. Both scientists and artists thought that understanding the mysteries of life offered a sublime experience.2 They classified clouds. They observed sequences in the rocks. They saw order in the living world, a world in which Charles Darwin saw ‘endless forms most beautiful’.3


Reality bubbles and seethes. There is ceaseless activity and process, emergence and evolution, death and decay. The order we impose does not exist in nature itself. We can never really know things in themselves. Or, as the theoretical physicist, Richard Feynman put it: ‘If our small minds, for some convenience, divide this universe into parts … – physics, biology, geology, astronomy, psychology, and so on – remember that the universe does not know it!’4 But when trying to make sense of nature, men and women, via their minds and senses, do seek to connect up appearances. It is we who impose shape on the flux of experience.5


Any order seen in nature is therefore a human construct, but one that helps us make sense of the world around us. Our apprehensions of things are not actually constituent parts of the things apprehended. The way we understand and apprehend the world is through our senses and they are tuned into only a limited range of reality. What objects may be in themselves remains unknown to us. The sensations we experience are not inherent in the things seen, heard, touched, tasted and smelled. However, for us these sensations are real and they can be joyous. Once we understand this, our imagination can excite our intellect. The world becomes a more enchanting place. And in such a world, we can experience our self and being more fully, more wonderfully.


The most creative artists, including poets and novelists, painters and musicians, have the imagination to experience the world more richly. There are scientists, too, gifted with the ability to hear the world’s deeper notes. If someone responds to a work of art or scientific insight predominantly with their intellect, they have already misunderstood it. Thus, concludes the philosopher Bryan Magee, we do have a direct knowledge of one thing from the inside, that is our own inner experience. He describes both the arts and sciences as ‘truth-seeking activities … penetrating beneath the surface of appearances’.6
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The order perceived often reflects what is of interest and importance for that person and his or her society at that time. Our intellects don’t operate independently of time and place. Our minds are an organic part of the world and as such become active players in shaping and construing what we see and how we see it. Our time and place, culture and history determine what we see and how we see it. The same natural phenomenon might generate different orders and alternative classifications at different times and in other places.


In the sixteenth and seventeenth centuries, it was the fashion amongst the gentry to collect random objects of interest and place them in ornate wooden cases. They were known as ‘cabinets of curiosities’, in which might be placed fossils, stuffed birds, minerals, bits of Roman pottery, religious relics, indeed anything that interested the collector. The Germans called them Wunderkammern, ‘cabinets of wonder’. There was no obvious logic or order to what was being collected and displayed other than the objects could provoke feelings of curiosity and a sense of wonder.


In one of Jorge Luis Borges’ critical essays, The Analytical Language of John Wilkins, he cites ‘a certain Chinese encyclopaedia’. The encyclopaedia is a fiction of Borges’ creative mind. Nevertheless, the paragraph has often been quoted by those who wish to ponder our obsession with ordering the world:




These ambiguities, redundancies and deficiencies remind us of those which doctor Franz Kuhn attributes to a certain Chinese encyclopaedia entitled ‘Celestial Empire of benevolent Knowledge’. In its remote pages it is written that the animals are divided into: (a) belonging to the emperor, (b) embalmed, (c) tame, (d) sucking pigs, (e) sirens, (f) fabulous, (g) stray dogs, (h) included in the present classification, (i) frenzied, (j) innumerable, (k) drawn with a very fine camelhair brush, (l) et cetera, (m) having just broken the water pitcher, (n) that from a long way off look like flies.7





Although this quote is both funny and mischievous, there is, nevertheless, merit in creating order. It would be difficult to survive in a world that seemed forever arbitrary and random. Finding rhythms and regularities makes life easier. We like predictability and, to some extent, the familiar and recognisable. Too much uncertainty makes us anxious. Seeing patterns and making some kind of sense is satisfying. It can also be very useful.


We know that summer follows spring, and winter follows autumn. Tides ebb and flow in phase with the moon and sun. From ancient times, knowing that the North Star, or Polaris, lies pretty much in a direct line with the Earth’s rotational axis, men and women began to appreciate that from the ground it always appears as if it’s ‘above’ the North Pole. Over the course of a clear night, the star therefore looks relatively motionless. All the other stars in the northern sky appear to rotate and spin around it. Long exposure photographs show this beautifully with the North Star at the still centre of a whirlpool of cosmic starlight. As you locate and look up at the North Star, whatever time of night it happens to be, you know you are looking due north. This is very useful if you are sailing far out at sea on the blackest of nights, or trying to find your way home on a dark, featureless moor.


One of the other skills of those who order and classify is to observe similarities and differences in whatever bits of the natural world that happen to interest them. For example, there are plants that flower and plants that do not. Amongst the flowering plants, there are some whose seeds contain only one embryonic leaf (the monocotyledons), including orchids, grasses and, if we are still in the Lake District, daffodils. There are others which contain two embryonic leaves (the dicotyledons), including magnolias, bay trees and avocados. Botanists and agriculturists find these distinctions interesting as well as useful.


Running alongside the classifiers and pattern-seekers are the explainers and theorists. They look at the natural world and see one thing following another. Theorists consider the order observed in nature and then look for the underlying processes generating these surface properties.8 It is certainly interesting, they might say, to recognise that there are some clouds that hover around mountain tops and others that feather the sky with milky wisps far above but what are the causes and effects? What processes lie behind the formation of mountain mists, on the one hand, and high, thin clouds on the other? Why does the westerly wind that blows up and over Scafell often hide it in cloud? Why does it rain so much in the Lake District?


The classifiers, pattern-seekers, order-makers and taxonomists ask what questions. Theorists ask why questions? Nonetheless, both are trying to make sense of the world and both outlooks can bubble and fizz in the same head. These are the people who observe and describe and then go on to explain. Men and women who are curious, who wonder, first see order then puzzle over why such order might exist. Today we call them scientists, those who use thinking and logic to try to make sense of what they find and see.


The artistic stance is different but complementary. The psychologist, Jerome Bruner, contrasts the scientific way of understanding with that of storytelling.9 Storytellers seek to endow experience with meaning. Storytelling gives us wisdom. In contrast, rational scientific analysis generates information. Science convinces us rationally. Art and literature move us emotionally. Science reveals what is there, though often hidden. Art looks at what’s there and then creates something new, something that never existed before. Artists find form in apparent chaos. As Richard Holloway puts it, ‘As well as reading stories out of what we perceive, we also read stories into what we perceive.’10 The novelist, Iris Murdoch, believed that storytelling was an entirely natural thing that we humans do. One of the deep motives of literature or art of any sort, she says, ‘is defeating the formlessness of the world’, to impose order on disorder, to find sense and meaning.11
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Bruner believes that good science and effective storytelling both need a strong imagination. We have already met Einstein riding on a sunbeam and Feynman shrinking to the size of an ant to help them understand the very big and the very small. When artists contemplate nature, they engage it with both their internal and external worlds. They seek to communicate the meaning of their experience using words, music and paint. Bruner calls the artistic way of making sense the narrative mode.12 Stories and art give life shape and meaning.


The narrative bent in our psychological make-up crops up surprisingly often as we look and listen. Unless we are expert meteorologists, we rarely think of the fair-weather clouds that float along in the blue of a summer sky as nice examples of the cumulus variety. If anything, in our imagination we are more inclined to see one of them taking the shape of a dragon, only a few minutes later to morph into a crocodile. Plump, cottony cumulus clouds continuously shape-shift. A dolphin one moment and an eagle the next. In Shakespeare’s Hamlet, Act 3, scene 2, Hamlet asks Polonius: ‘Do you see yonder cloud that’s almost in shape of a camel?’ Coleridge, too, mused on the sky’s power to inspire the imagination. He titled one of his later sonnets, ‘Fancy in Nubibus, Or, The Poet in the Clouds’. It was first published in The Courier on 30 January 1818. Here are the first three lines:




O, it is pleasant, with a heart at ease,


Just after sunset, or by moonlight skies,


To make the shifting clouds be what you please …





Whether it’s clouds or seas, mountains or woods, poets have the imaginative skill to find meaning in nature’s profusion. In their artistic explorations of the world around them, they also ponder the mysteries of human existence. The shifting, evolving impermanence of clouds and our brief appearance on life’s stage resonates particularly well with the poetic vision.


But it’s not only poets who see agency in the world around them. Finding meaning and looking for reason in what happens around us is a fundamental characteristic of being human. There is a curious, indeed, famous experiment reported in 1944 by two psychologists, Fritz Heider and Marianne Simmel.13 In essence, what they found was that, when presented with a film of the random movements of several geometrical shapes, and then asked what was going on, most people saw a ‘story’ being played out. Many variations of this experiment have taken place over the years. It seems that, when we see objects, let’s say red squares, green triangles and blue circles randomly moving around a screen, sometimes bumping into each other, sometimes wandering away, we see agency, intention and purpose. Feelings and motives might be invoked to account for the green triangle ‘avoiding’ the red square. ‘Friendship’ might be suggested when the triangle heads towards the circle. Stories are told to explain the random movements of the figures. As Bruner deduced, we are just as likely to engage with the world in the narrative mode as we are to adopt a scientific stance.
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By the nineteenth century, natural philosophy had resolved itself into a number of distinct sciences. We recognise them today as biology, chemistry, physics, geology, meteorology and astronomy. The early pioneers in each of these disciplines, although particularly gifted with the ability to wonder and imagine, nevertheless came up with ideas that most of us could, and still can, grasp, at least in broad terms. The order and patterns they saw in nature are easily appreciated by the lay enthusiast.


In contrast, modern sciences are sub-divided into dozens and dozens of specialisms. Each specialism requires great expertise, arcane knowledge and often years of advanced study. Although non-specialists might have a crude sense of what the specialist scientists do and how they do it, the skills and understanding needed to follow their findings and investigations require rare talents and prolonged training. So, for example, within the broad field of biology there are zoologists, botanists, microbiologists, virologists, mathematical biologists, molecular geneticists, and many, many other sub-specialisms. In physics we have classical mechanics, thermodynamics, fluid dynamics, nuclear physics, optics, quantum mechanics, and so on.


However, in this book, I want to begin with the sense of wonder and the search for order that inspired people to shape the early ideas of the modern sciences. These early scientists were certainly astute observers. They saw pattern and order in the everyday and familiar. They classified the natural world and began to see reason and logic behind material reality. In their eyes, the formless took on form. Regularities began to appear in nature’s rich and dense fabric. They collected and catalogued, observed and classified, then they theorised and explained. They asked what and when, then went on to wonder how and why. Their gaze fell on the stars above and the rocks below, the fish in the sea and the birds in the air, the flowers in the meadow and the trees of the forest. We shall follow their eyes as they looked up as well as down, and we shall try to capture some of the imaginative genius that helped lay the foundations of the basic sciences.


The late afternoon in Great Langdale is as good a place to start as any. If you recall, there is a thundery sky above, rocky ground beneath my feet, ferns on the fells, and sheep in the fields. Looking up then gradually turning our eyes earthwards will be the order in which we explore the life and work of the pioneering men and women of science; and, while these scientists were trying to make sense of the world out there, the poets and painters were helping us to understand what it means to be in that world, personally and emotionally, aesthetically and existentially.


We begin with galaxies and the stars, the planets and the moon. The diamond-studded night sky has been a source of wonder from the most ancient of days and astronomy, via astrology, one of the earliest sciences.


The weather, in general, and clouds, in particular, hold an equal fascination. Wind, rain and sun have been the concern of farmers and sailors, builders and travellers for countless generations. In around 350 BCE, Aristotle wrote a treatise on the weather and the interaction between the four classical elements. He titled his work, Meteorology, from the Greek meaning the ‘discussion of high things’, and it covered everything above the earth and beneath the moon, including meteors or shooting stars. However, it was not until the eighteenth century that meteorology as a science of the weather and atmosphere began to take its first tentative steps.


This then brings us down to earth, to the rocks themselves. Geology emerged as people began to take a closer look at landforms and landscapes. People studied the rocks that lay beneath the ground. They wanted to know the age of the Earth.


The land and sea beneath the sky also teem with life. There is such richness and variety in the living world that it took particularly keen minds to see order there, then, having found order, to hazard explanations. Once the biological sciences had built their taxonomic base, there was no looking back for the life sciences.


Finally, and most fundamental of all, are the elements out of which all matter, including life, rocks, clouds and the stars above are made. This brings us full circle, from the heavens above to the earth below, high to low, up and down, and back again. All the naturally occurring elements that make up the world were born in the early universe and the fiery hearts of long dead stars. So, let us begin with the stars and the night sky.















Part II

Stars




















3

Star Struck







Cities are not a good place to study the night sky. Urban nights are never pitch-black. There is always a light shining somewhere close by. Regimented rows of street lights, car headlights, lights from house windows, blinding security lights, the neon lights above shops and garages, LCD screens advertising this and that. Above the bright streets, low clouds reflect the city glow. Even when there are no clouds, city skies remain matt and featureless save for the occasional blinking lights of a high-flying passenger jet or, if you’re very lucky, the international space station as it makes one of its silent loops 200 miles above the planet every 93 minutes.


So city folk rarely look up. There’s not much to see; perhaps a handful of stars and, if it’s there, the moon, of course. True, the Evening Star – the planet Venus – can defeat most light-polluted skies. Sirius, too, and Alpha Centauri can twinkle faintly in the luminescent black, if you know where to look. In the main, however, urban souls see few stars, even when they turn their eyes skywards.


People have always created light in attempts to banish the dark: fires to keep warm, ward off animals and flicker comfortingly in the middle of gathered family groups; burning torches to find your way on moonless nights along huddled streets or over open moors; candles and oil lamps to cast a dull yellow light across sitting rooms and corridors, upstairs and into bedrooms. Their light is weak and short-lived, however, and fires die out, and candles and oil lamps are snuffed as people make their way early to bed.


First gas, then electricity changed all that. By the early nineteenth century, London, Paris and Baltimore were amongst the first cities to install street gas lights. It was Thomas Edison, though, who revolutionised the world when he created incandescent light bulbs that were robust and practical and powered by electricity. A number of other inventors had also come up with similar designs for the incandescent light bulb, most notably Joseph Swan of Newcastle, but it was Edison’s design that eventually won the day. By the end of the nineteenth century, electric light bulbs could be found inside homes, illuminating shops and offices, lighting up streets and blotting out the stars.


In our 24-hour world there are fewer and fewer places where we can see the wonders of a starry night. The majority of the world’s population now lives in cities. Nevertheless, if you can get away from the endless urban sprawl and off the beaten track, with not a motorway in sight, then the night sky becomes a different place. In the pens of poets, the dark becomes ‘bible black’, ‘velvet black’, ‘star-studded’, where a sense of the infinite invites us ‘to dance beneath the diamond sky’.1


In attempts to recover the beauty of night skies unpolluted by artificial light, many countries have designated some of their more remote places as ‘dark sky’ areas. In the UK, both the Northumberland National Park and the Snowdonia Dark Sky Reserve have been recognised as International Dark Sky Places. The United States has several internationally recognised areas including Canyonlands National Park, Utah and, the darkest place of all, with no hint of understatement, the Cosmic Campground, New Mexico.


However, for large optical telescopes, the best sites for the clearest skies tend to be on the tops of mountains (less air for the starlight to shine through) in areas where the air is dry (less water to absorb the light waves). They also need to be far away from populated places. The Atacama Desert in the Chilean Andes, La Palma in the Canary Islands, Maunakea in Hawaii and the Canadian Rockies host some of the world’s biggest telescopes. Blackest of all, of course, is space itself which is where we find the Hubble, Gaia, James Webb and several other telescopes.
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Before electricity and the banishment of infinite black, people would have been much more aware of stars and their profusion in the night sky. On the clearest of nights and with the sharpest of eyes, you can see roughly 4,500 stars if you live in the northern hemisphere and a similar number if you live in the southern hemisphere. The most spectacular sight on the darkest of moonless nights is the majestic arc of the Milky Way, our own galaxy. It contains billions of stars, but the merest fraction can be distinguished as individual points of light with the naked eye. Our galaxy appears as a hazy band of light arching across the black vault.


The breath-taking beauty of a star-strewn night sky has thrilled and fascinated people of all cultures from time immemorial. Gerard Manley Hopkins captures these feelings of excitement with the opening lines of his poem ‘The Starlight Night’:




Look at the stars! look, look up at the skies!


O look at all the fire-folk sitting in the air!2





Similar exuberance is shown by Vincent van Gogh in his swirling interpretation, The Starry Night. He painted the picture in 1889 during his stay at the asylum of Saint-Paul-de-Mausole in Provence. Van Gogh painted other nocturnes that also have the power to trouble and thrill the viewer. These include the Café Terrace at Night, painted in Arles, and Starry Night (Over the Rhône). Equally magnificent are the photographs of Ansel Adams, particularly his spellbinding Milky Way Shining Briefly Over Banner Peak and One-Thousand Island Lake.
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Ancient knowledge of the position and movement of the sun, moon and stars certainly helped farmers decide when to sow. It helped sailors to navigate the seas. Nearly 4,000 years ago Babylonian astrologers saw patterns in the night sky. Most early cultures believed that the planets and stars had religious significance. Priests became expert in recognising and interpreting what they observed as they looked up at the stellar-studded blackness of a desert night sky. For some the heavens were the realm of the gods. For others, the patterns of light made by the stars and the wandering of the planets had the power to foretell events down here on the Earth. This marked the beginnings of astrology, the belief that what was going on above influenced what was happening below. The idea that the date when you were born and the disposition of the stars and planets at that time determined your character gained credence.


However, by the seventeenth century and the emergence of a scientifically based astronomy, it soon became obvious that astrology was little more than a pseudo-science. Because of their vast distances from our planet, we don’t see the stars move but they do, at enormous speeds, around the galactic centre. Their position in the night sky changes, imperceptibly slowly. Given our fleeting lives, we don’t notice. However, the position and patterns of the stars are constantly shifting so that in 10,000 years, a million years, a billion years, the night sky will appear different, and then different again.


Nevertheless, the early efforts that went into studying the planets and stars, for whatever reasons, did act as a stimulus to the discipline of mathematics and helped in the development of calendars, the recognition of annual cycles, and an appreciation of the rhythms of the year. It was with the aid of maths that the Polish polymath, Nicolaus Copernicus, revolutionised the way we thought about the sun and the planets. He was born on 19 February 1473 in the Polish city of Toruń. He studied and travelled throughout Europe, developing a particular interest in the stars and planets.


Although the idea that the sun might be at the centre of the celestial world had been around, off and on, for centuries, the received Aristotelian and Ptolemaic wisdom up until Copernicus’s time was that the planets, sun and stars revolved around the Earth. However, whereas the stars appeared fixed in their patterns of movement, the planets shifted their position from night to night. They were known as ‘wandering stars’. The six known planets would appear to weave their way amongst the stars and across constellations with no obvious logic, mathematical or astronomical. This posed major problems if you were intent on trying to model the planets as bodies that revolved around the Earth.


Copernicus had been thinking about placing the sun at the centre of the planetary system for a while but he didn’t go public with his ideas. His ‘heliocentric’ theory made sense of why the planets appeared to move so erratically across the night skies. By placing the sun at the centre, the planets’ wanderings only appeared random from the Earth’s viewpoint because the Earth, too, was orbiting the sun.


One of the problems of displacing the Earth from the centre of the universe was that it went against the teachings of the Church. It was at odds with what was written in the Bible. Putting the sun at the centre of the planetary system was therefore seen as blasphemous and, if voiced, could incur severe penalties, including the possibility of death. However, by 1543 when he was nearly seventy years of age, Copernicus decided to publish his mathematical description of the sun, moon and planets. De revolutionibus orbium coelestium (On the Revolutions of the Heavenly Spheres) described the planets, including the Earth, as a single system circling the sun.3 In the book, he writes:




[The sphere of the fixed stars] is followed by the first of the planets, Saturn, which completes its circuit in 30 years. After Saturn, Jupiter accomplishes its revolution in 12 years. Then Mars revolves in 2 years. The annual revolution takes the series’ fourth place, which contains the Earth … together with the lunar sphere as an epicycle. In the fifth place Venus returns in 9 months. Lastly, the sixth place is held by Mercury, which revolves in a period of 80 days.





He went further and suggested that the universe is much larger than was previously thought. Astronomical distances, he said, were vast. In an instant, the universe and our tiny place in it, was transformed. No longer were men, women and the Earth at the centre, with the rest of the universe spinning around us in neat, ever-widening circles. We were displaced. This would not go down well with the religious authorities. Unfortunately, or perhaps fortunately, Copernicus died later that year on 15 May 1543 in his native Poland.
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Not long after the death of Copernicus, the study of the stars was about to receive another huge boost. For a while, Dutch lens makers had been producing some of the best glass lenses in the world for fitting into spectacles. The microscope had been invented and the world of the very small was being revealed in marvellous detail.


‘Spyglasses’ or telescopes were also in development allowing the far away to appear near and close. The first person to apply for a patent for a telescope was a Dutch eyeglass-maker named Hans Lippershey in 1608, although there was fierce rivalry between Lippershey and some of his fellow countrymen, including Zacharias Jansen and Jacob Metius about who made the best, if not the first telescope.4


Born in Pisa in 1564, the same year as William Shakespeare, the young Galileo Galilei began to develop an interest in natural philosophy. Galileo soon established himself as an expert in physics, engineering and mathematics. His skills as a lens grinder allowed him to make improvements to the recently invented microscope.5 When he heard about the Dutch ‘perspective glasses’, he set about making his own telescopes. By 1609 his improvements were allowing him to magnify distant objects 20 to 30 times, a significant increase in power over other telescopes around at the time. However, whereas most ‘spyglass’ enthusiasts were training their telescopes horizontally to look out for ships on the horizon on their way into port or to spy enemy soldiers lining up on distant hillsides, Galileo turned his telescope up, vertically, to look at the sky.6


His powerful telescopes were soon revealing ‘stars in their myriads’, ten times as many as had ever been seen by the naked eye. Suddenly, the universe was not only bigger than previously thought, but teeming with stars, far more than ever had been imagined.


Copernicus had based his ideas of a heliocentric solar system on getting the planetary mathematics to add up. In contrast, Galileo developed his understanding of the stars and planets by making observations using his increasingly powerful telescopes. His approach marked the birth of astronomy as an empirical science. In no time at all he was seeing craters on the moon, dark spots on the sun, phases of Venus, rings around Saturn, moons spinning about Jupiter and a band of light arcing across the clear black, night sky that we now know is an end-on view of our own galaxy, the Milky Way.


In 1592 he moved to the Venetian city of Padua where he took the chair in mathematics. However, it was as a practical scientist that it became clear to Galileo that Copernicus was right. The Earth could no longer be seen as the centre of the universe. Along with the other planets, it revolved around the sun. The Roman Catholic Church continued to view such ideas as heretical. Any challenge to its view of the world and its divinely ordained hierarchy was a challenge to its authority. Under threats from the Church, Galileo had to back-pedal. Although he was allowed to discuss the sun-centred view of the universe as a philosophical idea, he could not openly endorse it. For a while, he played safe and kept quiet. Gradually, however, it seemed as if the religious authorities might be growing more tolerant of debates about how the cosmos might be structured.


In 1632, Galileo thought he had gained papal approval to publish his book, Dialogue Concerning the Two Chief World Systems, in which he could mention helio-centrism but certainly not support it. However, he was up against powerful forces who would have no truck with the belief ‘that the Earth is not at the centre of heaven’. In February 1633, Galileo was charged with heresy and brought before the pope’s inquisitor, Vincenzo Maculani da Firenzuola. During his trial, Galileo insisted that he had kept his promise not to defend the Copernican view of the universe. However, under pressure, including the threat of torture, he conceded that perhaps anyone reading his book might get the impression that Copernicus could be right and that the sun, indeed, was at the centre of the solar system.


Galileo was found guilty of heresy and of holding views contrary to the teachings of the Bible. He was required to ‘abjure, curse and detest’ all ideas that suggested the Earth revolved around the sun. He was placed under house arrest. His book, Dialogue, was banned. During his years of confinement, Galileo devoted himself to writing another book, Discorsi e dimostrazioni matematiche intorno a due nuove scienze (Discourses and Mathematical Demonstrations Relating to Two New Sciences), published in 1638 in Protestant Holland, just to be on the safe side. The book summarised much of his life’s work and earned him the title ‘Father of Modern Physics’ from none other than Albert Einstein.


Of course, in spite of his recantation of heliocentrism, Galileo, being an unrepentant empirical scientist, didn’t really think the Earth was at the centre of the universe, but he was careful never to mention it, except possibly at the very end of his life when he was rumoured to have muttered, ‘E pur si muove’ – ‘and yet it moves’.


Galileo’s trial put the brakes on the scientific revolution in and around the Mediterranean states. As a result, the centre of scientific brilliance shifted to the Protestant north. Galileo died in 1642, the same year that saw the birth of Isaac Newton.


Over the next few centuries, astronomy’s scientific credentials, having been given a solid footing by Galileo, went from strength to strength. Galileo’s contemporary, the German astronomer, Johannes Kepler, had already worked out that the planets revolved around the sun in elliptical, rather than perfectly circular orbits. His calculations have given us Kepler’s laws of planetary motion. He was one of the first to give astronomy a strong mathematical footing. He also realised that the moon governed the movement of the tides, something with which Galileo disagreed.


Isaac Newton’s genius gave the world his three laws of motion, his laws of universal gravitation, the calculation that the planets did not move around the sun in perfect circles but ellipses, and the maths to make them all work. Appointed by Newton as a demonstrator for the Royal Society, and populariser of Newton’s theories, John Theophilus Desaguliers7 went so far as to write a poem about suns, kings, gravity and the six known planets of the time including the lines:




Six Worlds sweep round his Throne in Mystick Dance.


He turns their Motion from its Devious Course,


And bends their Orbits by Attractive Force.





Improvements in the design and power of telescopes meant that not only were more and more stars being observed, but other cosmic phenomena, many not seen before, began to reveal their far away presence. In 1655, the Dutchman, Christiaan Huygens, refined Galileo’s view of Saturn’s rings. He also discovered that the planet had a moon which would later be named Titan. The British astronomer, Edmond Halley, calculated that a comet that had famously appeared in the year 1066 and features in the Bayeux tapestry, actually re-appears every 76 years (modern calculations work it out to be 75.32 years). He confidently predicted that it would re-appear in 1758 and, indeed, it did and so, in honour of his success, the comet was named Halley’s Comet.
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One of the greatest astronomers of the eighteenth century was William Herschel, who, along with his sister, Caroline, realised that the universe was big, very big, much bigger than even Copernicus had imagined. Herschel was born in the German city of Hanover on 15 November 1738. His younger sister, with whom he worked in close partnership, was born twelve years later on 16 March 1750.8


William’s early career was as a musician. Under French army occupation, it was felt by the family that the eighteen-year old William would be safer abroad. In 1757, he was smuggled out of Hanover. He eventually fetched up in England, where he was soon to be joined by his older brother, Jacob. The pair were penniless. Music was their salvation. William could play the oboe, violin, harpsichord and, in time, the organ. The brothers performed in concerts and began to earn money.


After only a year or so, Jacob returned to Germany. William was on his own. For a number of years he supported himself as a freelance musician and teacher. He found work in various places including Newcastle, Sunderland, Durham, Darlington and Leeds. However, in 1766, he landed the permanent position of organist at the Octagon Chapel in Bath.


It would not be until 1772 that young sister Caroline would join her brother, who was still living in Bath, still earning his living as a musician. In 1780, Herschel was appointed director of the Bath orchestra. Caroline, also musically talented, would often perform as a soloist, singing soprano.


William read a great deal and developed a particular interest in natural philosophy, including optics and astronomy. In William’s mind, there were deep resonances between music, harmonics and mathematics, all of which leant themselves wonderfully to studying the stars, the planets and the ‘music’ of the spheres.


After taking lessons from local craftsmen, William learnt to grind mirrors and then build his own telescopes. Caroline and their brother, Alexander, also helped in the long and laborious task of carefully and accurately polishing mirrors to ensure that the stars would be magnified manyfold and seen clearly, without distortion. Over the years, William and his siblings built bigger and better telescopes culminating in the famous giant reflecting telescope which they built in the grounds of a house in Slough. It had a mirror that was 49½ inches in diameter with a focal length of 40 feet.


As the fame of Herschel and his telescopes spread, he began to receive strings of distinguished visitors. When Byron peered through the Slough telescope, he was particularly affected by the sight of so many stars. He sensed humanity’s insignificance and the universe’s indifference to our being. ‘It was the comparative insignificance of ourselves, and our world, when placed in competition with the mighty whole, of which it is an atom, that first led me to imagine that our pretensions to eternity might be … over-rated’, said Byron, cited by Richard Holmes.9 In sensing the infinite, poets experienced the sublime. The Nobel Laureate, Louise Glück, offers similar sentiments in her 2005 poem, ‘The Telescope’. As the stargazer journeys in the silence of the night sky she realises that in the vastness of the cosmos human life has no meaning.10


With their various telescopes and total dedication to observing the night skies, William and Caroline began to clock up success after success. William discovered a new planet that was eventually named Uranus, after the Greek god, ‘father of the sky’. The existence of a new planet not only excited the scientists of the day, but poets too. Some 35 years later, John Keats wrote a sonnet, ‘On First Looking into Chapman’s Homer’, in which he celebrates the emotional power of art and scientific discovery, giving a clear nod to Herschel’s cosmic findings:




Much have I travell’d in the realms of gold,


And many goodly states and kingdoms seen;


Round many western islands have I been


Which bards in fealty to Apollo hold.


Oft of one wide expanse had I been told


That deep-brow’d Homer ruled as his demesne;


Yet did I never breathe its pure serene


Till I heard Chapman speak out loud and bold:


Then felt I like some watcher of the skies


When a new planet swims into his ken;


Or like stout Cortez when with eagle eyes


He star’d at the Pacific – and with all his men


Look’d at each other with a wild surmise –


Silent, upon a peak in Darien.11





William Herschel went on to discover yet more moons around Saturn and Uranus. He saw asteroids between Mars and Jupiter. He found that stars emitted infrared, heat radiation as well as visible light. Caroline observed many comets never seen before. Under their sibling gaze, the sheer number of stars observed became unimaginably huge.


William also began to train his telescopes on the faint, diffuse smudges of light that were known as nebula, the Latin for ‘cloud’. Quite what they were was not immediately apparent but he realised that some existed inside our own galaxy, the Milky Way, while others seemed to lie even further beyond in the far depths of space. Over the years he observed, catalogued and classified over 2,000 nebulae. His eight-fold classification ran as follows: (I) bright nebulae, (II) faint nebulae, (III) very faint nebulae, (IV) planetary nebulae, (V) very large nebulae, (VI) very compressed and rich clusters of stars, (VII) compressed clusters of small and large stars, and (VIII) coarsely scattered clusters of stars.


More eccentrically, Herschel believed the moon and the planets were populated. Bizarrely, he even speculated that people might be living inside the sun. Nevertheless, none of these wilder thoughts detract from the number and variety of astronomical insights and discoveries that William and Caroline made during their many years of dedicated study of the night skies. Brother and sister published over a hundred scientific papers for the Royal Society. Their observational brilliance, writes the biographer Richard Holmes, ‘would change not only the public perception of the solar system, but of the whole Milky Way galaxy and the structure and meaning of the universe itself’.12 In recognition of his astronomical genius, William was knighted in 1816.


William died in 1822, aged 83. His son, John was destined to follow in his father’s footsteps as a scientist and astronomer. William’s death left Caroline grief-stricken. She returned to Hanover where she died in 1848, aged 97. Brother and sister left the world with a universe that was far bigger, busier and more exotic than when they first turned their telescopes to look at the night skies of southern England.


Herschel’s ideas represented a radical departure from the belief that the world was a stable, static, ordained place. His universe was dynamic, constantly on the move and ever-evolving. Stars were born, aged and died. Vast passages of time would see galaxies form, change shape and mature. Erasmus Darwin, Charles Darwin’s grandfather, wrote a poem, ‘The Botanic Garden’ (1791), in which he celebrates Herschel’s vision of an evolving universe, one far bigger and older than was previously imagined, writing that the stars too must yield to age before rushing ‘Headlong, extinct, to one dark centre fall, / And Death and Night and Chaos mingle all!’13


It was towards the end of his life that Herschel himself said: ‘I have looked further into space than ever human being did before me. I have observed stars of which the light, it can be proved, must take two millions of years to reach this globe.’14 Moreover, in the spirit of this book, Herschel felt that there was beauty in all this variety and vastness, pattern and order. In his mind the search for structure in the beauty of the universe became a life-long passion: ‘If one observes the whole Natural World as one, one finds everything in the most Beautiful Order; it is my favourite maxim: Tout est dans l’ordre.’14
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