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A Backward-facing ForewordFN1


Jeff 10/3/71


When I first started training as a watchmaker at nineteen, I was taught never to leave a trace of my presence within the watches I restored. And yet, these traces can tell us all kinds of stories about otherwise inanimate objects. For example, the vintage Omega Seamaster wristwatch on my workbench was repaired by a man called Jeff on 10 March 1971. I know this because Jeff scratched his name and the service date into the back of the dial, so that if the watch ever came back to him, he would know that he had previously worked on it and when.


Working as we do on objects only a few centimetres in diameter, a watchmaker’s world is often not much bigger than a thumbnail. It is all-consuming. Sometimes a whole morning passes and I have barely shifted my gaze beyond the postage-stamp-sized mechanism I am working on. I suddenly realise the coffee next to me is cold and my eyes are dry from concentrating so hard I’ve forgotten to blink. My husband, Craig, is also a watchmaker and, although we work on benches that face each other, we can spend whole days in near silence, exchanging little conversation beyond orders for the kettle. When we make a new watch, whether from salvaged parts or from scratch, it can take us anywhere from six months to six years. We can measure sections of our lives by these watches, and sometimes find ourselves noticeably older when we are finished with them.


Our workshop is in an eighteenth-century goldsmiths’ factory in Birmingham’s historic Jewellery Quarter. Craftspeople have been producing work here for seven generations and the walls feel steeped in appropriate history. The rooms beneath us contain centuries-old presses, dies and design charts, as well as artisans still using this equipment to produce jewellery. Our small room on the top floor is bright and airy, with skylights and arched windows. When we first moved in and were preparing the space, we were told that during the Blitz a bomb had crashed through the roof and failed to detonate. I pulled down an old insulation screen covering the skylight and found a beam still charred from the blast, which I scrubbed and left on show. It now presides over our lathe bench and wheel-cutting machine, which, ironically, is German. We call her Helga. She sits on a long bench that extends down the whole side of our workshop and is covered with a variety of old machines. Underneath, there are copious drawers full of the dull gleam of old watch mechanisms and parts that we have sourced or rescued over the years – often from bullion traders who had taken them out of their cases, which were to be sold as scrap gold or silver, or from the workshops of watchmakers past being cleared out by their families. Our ‘clean’ watchmaking benches are on the opposite side of the workshop, as far as possible from the swarf (metal shavings) and oil that occasionally spit from the machines.


We keep our workshop very clean, to avoid dust or dirt finding its way into the delicate watch mechanisms. In the state-of-the-art watch manufactories of Switzerland or East Asia, workshops will have double air-lock doors and sticky mats to remove dirt from shoes, and watchmakers wear compulsory lab coats and shower caps over their feet. We are a little more relaxed. Our dog, Archie, snoozes in a corner. By the end of a day making new watch parts the room smells of lathe oil, a distinctive aroma almost like that of a tomato vine, with notes of metallic copper and iron. There will be small mounds of brass or steel swarf scattered around our lathes, mills and drills, as well as oil- and coffee-ring-stained sketches of parts strewn liberally across the workbenches. We sweep the floor regularly, ready for the occasional team hunt for accidentally flicked parts – you could probably make up a complete watch from the parts stuck between floorboards or rolling under sets of drawers in most watchmaking workshops. Our floor is pale grey vinyl, the perfect contrast for the yellow of brass or bright red of a ruby jewel.FN2 No one tells you that one of the key skills for any watchmaker is the ability to find tiny shiny things on the floor.FN3


The last residents of our workshop were enamellers, and traditional makers have worked in this space for over two centuries. In this room at least, not much has changed. Although we have modern computers, most of the tools and machines we work with are between 50 and 150 years old. Our skills too, are from a bygone era. In the ‘golden age’ of watchmaking that ran through the seventeenth and eighteenth centuries, Britain was the centre of the watchmaking world. Now watchmakers like Craig and me are a rare breed. In 2012 we set up on our own, becoming just one of a handful of firms in the UK with the skills to make mechanical watches from scratch and to restore antique watches from the last five centuries. But the course we trained on no longer exists. The Heritage Crafts Red List of Endangered Crafts (much like the Red List of Threatened Species but for craft) currently lists artisanal watchmaking as a critically endangered skill in the UK.


In part our skillset is disappearing because, in our technologically advanced age, computer numerical control (CNC) can virtually make a whole watch for you. And you might well ask why we bother with this old equipment when we could feed a computer design into a software-operated machine to do most of the manufacturing for us instead. But where’s the fun in that? We love getting our hands dirty making things and fiddling with little parts to get them to work together. You build a closer relationship with what you’re making when you work by hand. You can hear when the cutting speed of a lathe or drill is perfect, and you can feel from the resistance whether the pressure of your tool is correct. We like this sense of connection to the objects, and to the generations of artisans who came before us.
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I have always been fascinated by time, but I never set out to be a watchmaker. At school I wanted to be a pathologist (this was long before TV crime dramas made forensics cool). I was an oddball who was fascinated by how things worked, particularly bodies. I wanted to help people, but I wasn’t always very good at actually talking to them; working with the dead, I reasoned, would save me a lot of difficult conversations with patients. I liked the idea of figuring out why a body had stopped functioning. In the process I hoped I might help other people, perhaps by helping to bring about justice, or a deeper understanding of a deadly disease.


My career as a pathologist was never to be, but there is something forensic about working on old watches. Watch mechanisms contain tens if not hundreds, and occasionally thousands, of components, each of which has a specific task to perform. The most basic simply tell the time. The most complicated (the added functions in a watch that go beyond time-telling are in fact called ‘complications’) can chime the hours and minutes on gongs made from finely tuned wire, accurately maintain the date for over a century, or chart the stars. When any of these parts become faulty or need cleaning, or re-oiling, they stop the mechanism from functioning. As restorers we dissect to determine the cause of death, only with the bonus that, once repaired and reassembled, our subject has another chance at life. The final stage of reassembling a mechanical watch is to replace the balance, which makes the watch start to tick again. There is nothing quite like hearing life restored to a piece that has not worked for years, or even centuries, knowing that its tick sounds the same to me now as it did to the watchmaker who first assembled it. The pulse of the balance is referred to as its ‘beat’, and the coiled spring used to regulate its action ‘breathes’.


As time went on, it felt very natural to me to begin switching between working on watches and thinking and writing about them and their history. I became the first practising watchmaker in the UK to pursue a doctorate in antiquarian horology (the study of the history of timekeeping). After all, restorers are, in part, historians. It’s a practical kind of history: you have to know how something was made and how it once operated to return it to the way its maker intended. Now I found it worked the other way too: when Craig and I first started making our own watches from scratch, my historical research and writing influenced the watches we made, in a sort of horological cross-fertilisation. My research enlarged my tiny watchmaker’s world. The focus of the watchmaker is often smaller than a grain of rice, but the inspiration for horology is the universe – I love this contrast of micro and macro. And poring over the construction of an eighteenth-century watch to discern what it could tell me about its provenance and owners made me keenly aware not only of how history had shaped the watch, but also of how the watch has shaped us.


It would not be a stretch to say that the invention of mechanical timekeepers has been as significant for human culture as the printing press. Imagine trying to catch a train by relying on the position of the sun. Or organising a Zoom conference of 200 people located all around the world, each trying to decipher the start time by hanging out of their window to be within earshot of the bells of the nearest public clock. Or, at the more life-and-death end of the scale, think of surgeons performing an organ transplant or removing a tumour with no accurate reference point to measure their patient’s heart rate. Our ability to do business, structure our day, and access life-saving developments in science and medicine all rely on – are, in fact, made possible by – access to accurate time.


From its very beginning the watch both reflected and developed our relationship with time. Watches don’t create time, they measure our cultural perception of time. All time-measuring devices, whether they are ancient carved bones or the watches I restore on my workbench, are a way of counting, measuring, analysing the world around us. The earliest timekeepers began by tracking naturally occurring phenomena in the world and solar system. Even now, the most up-to-date modelling devices we possess – smartwatches such as the Apple Watch – can still track a celestial routine, keeping pace with our planet as it hurtles round the sun over the course of a day. The systems we’ve developed to understand these processes, and our place within them, are our way of getting to grips with our universe, of applying a cosmic rational order that we can use to better live our lives.


What we call a watch – a tiny, wearable clock – is a miracle of engineering. Mechanical watches are among the most efficient machines ever created. I have worked on watches that haven’t been serviced since the 1980s, and yet have only just stopped running. I struggle to name another mechanism that would work day and night for nearly forty years before requiring any maintenance from a mechanic. As of 2020, the most complicated watch in the world contains nearly 3,000 parts and is capable of measuring the Gregorian, Hebrew, astronomical and lunar calendars, chiming the hours and minutes together with fifty other complications, all in a device that fits in the palm of your hand. The smallest watch movement ever created was first made in the 1920s and fits ninety-eight parts into a volume of only 0.2 cubic centimetres. The first chronometer, a watch so accurate it could be used by sailors to calculate longitude at sea, was made over sixty years before the invention of the electric motor and over a hundred years before the first electric lighting. Watches have since accompanied humans to the summit of Everest, the depths of the Mariana Trench, both the North and the South Poles, and even to the moon.


Our concept of time is inseparable from our culture. In fact, the word time is the most commonly used noun in the English language. In Western, capitalist cultures time is something we have, or don’t have, save or lose, it marches on, it drags, seems to stand still and flies. Time thrums constantly underneath everything we do. It is the backdrop and the context for our existence and our place in what is now a supremely mechanised world.


Slowly, over the course of tens of thousands of years, the power balance between humans and time has slowly shifted. What began with us living our lives around the natural phenomena the world threw at us developed to become an entity we have sought to control. Now it often feels as if time controls us. Time, we’ve discovered, is not as ‘fixed’ as we first believed. It might not be universal, constantly moving on, waiting for no man. It might be relative, personal and even, one day, reversible – medically speaking at least.
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I knew early on that I wanted to be a watchmaker rather than a clockmaker. Watches have followed us through our daily lives for centuries, worn on or near our bodies. I’ve always been fascinated by the intimacy of that relationship. The connection between person and watch, its tick reflecting the beat of our very own pulse, the rhythm of our own body, was for a long time the closest relationship we had with a machine – until, of course, mobile phones came along. In many ways watches are an extension of us, a projection of our identity, our personality, our aspirations, as well as our social and economic status. A watch is an individual’s timekeeper, but it is also a kind of diary: it holds in its restless hands our memories of the hours, days and years we have spent wearing it. It is an inanimate but uniquely human repository of life itself.


This book, too, is a history of timekeeping, and of time itself, but from my irregular perspective as a twenty-first-century watchmaker. We begin with the very earliest human-made timekeepers, crafted from bones, measuring shadows, channelling water, fire or sand. I’ll then explore how inventors later found ways to combine natural power sources with artificial engineering. The first clocks as we understand them were a product of an extraordinary combination of curiosity, experimentation and highly sophisticated science. Their mechanisms, which were once so huge that they could only be accommodated in massive church towers, were the forerunners of the miniature timekeepers I handle every day on my workbench.


From there we’ll turn to the wonder of watches. Each chapter explores a pivotal moment in the history of the watch, from its advent 500 years ago to the present day. I’ll unpick the mind-boggling technical advances that enabled these machines to become portable and accurate enough to conquer the world. I’ll show how these little instruments coordinated work, worship and wars, and how they helped European nations navigate and map the world, supporting global trade and enabling colonial expansion. We’ll show how explorers and battle-weary soldiers depended on them for their very survival, and how decisive historical events were dictated by them. We’ll also track their evolution from elite status symbol to popular tool to status symbol all over again. The watch is the metronome of Western civilisation itself, establishing a rhythm that has driven our history and continues to govern our time- and productivity-obsessed age.


It is also a personal history. My particular interests glimmer behind the dial. Many of the watches in this book I have handled, or even repaired, and the stories they tell are central to this narrative. I once worked on a watch, destined to be a wedding gift from parent to child, that had been in the same family since the eighteenth century. Holding it, working on it and considering its past and future, I felt like I was bridging time itself. Handling hundreds of years of horology creates an eerie sense of self-awareness. Working on an antique watch in minute detail, I feel an almost tangible connection to the people who made and wore it. Tiny traces of humanity stand out like signatures – initials or names like Jeff’s, concealed within the mechanics, or a 250-year-old enameller’s fingerprint, accidentally baked into the blue-green glass and hidden underneath the dial of a pocket watch. Conscious that I am another chapter in the story of an object created before I was born and which, if cared for, will live on for centuries after I’m gone, I collect these signs of life.


A watchmaker is a custodian, protecting these objects, absorbing their history, as well as preparing them for new connections yet to be created. Occasionally I see a watch again, for servicing or repair, years after I’ve first worked on it, and it’s like reconnecting with an old friend. My memories of the watch’s marks and idiosyncrasies come flooding back, and sometimes new ones are created. I’ve had a recently repaired watch returned with water damage; not long after it had been given as an eighteenth birthday present it was submerged in a swimming pool along with its mildly inebriated new owner on holiday in Mallorca. The mechanism inside has now been restored to its original state, but the slight stain around the three o’clock position on its dial is a permanent reminder of the perils of mixing tequila shots, chlorinated water and vintage precision mechanics.


Every morning, when I sit at my bench and start work, the watch in front of me is a new beginning. Each one has its own history. Engineering perfection aside, each knock and scrape, each hidden mark left by a past repairer, even the way they were designed, and the techniques used to make them, are clues to a story that extends far beyond the tiny object before me.










Chapter 1


Facing the Sun


Kia whakatōmuri te haere whakamua


I walk backwards into the future with my eyes fixed on my past


 Māori proverb


 


I’ve always been fascinated by nature. As a child I liked nothing more than gathering slugs in the garden, and getting covered in mud and slime. Above all, I loved to learn how things worked. One of my earliest memories is my dad first showing me his microscope. I was dazzled to discover another world secretly existing within my own but invisible to my naked eye. I loved it so much my parents bought me a children’s version for Christmas, which was portable, so I could use it around the garden. We spent hours studying pondwater samples. I then drew the weird and wonderful creatures I’d see darting and crawling around on the slide.


I grew up in a suburb of Birmingham called Perry Barr. It was a densely populated sprawl of brick, concrete and tarmac, sliced in two by the A34 and its undulating flyovers and underpasses. The closest thing to a local landscape was a fly-tipped rubbish patch of wasteland where my sister and I snuck off to play. We called it the ‘background’ (it was quite literally the ground at the back of our house).


I don’t remember much about the seasons in Perry Barr. Aside from the odd smattering of snow in winter, the spiky grass of the ‘background’ was reddish-brown all year round. In autumn, leaves gathered in slimy clumps on the pavement, while my parents debated whether it was too early to switch on the heating. At night the streetlights suffused the sky with a milky orange glow that made the stars almost invisible.


I will always be a Birmingham girl. But in my early thirties Craig and I had no choice but to leave. We were economic migrants forced away from the city, seeking lower house prices within the range of our freelance incomes. We bought an old weavers’ cottage in a small town in the northernmost part of Staffordshire, bordering the Peak District. It was the cheapest place we could find within a 50-mile radius of our workshop.


Neither of us had ever lived so close to the countryside. We spent our first months exploring the fields, woods and moors around our new home while walking our dog. Archie’s favourite route took us through a valley I later learned was called Little Switzerland – a fitting choice for two watchmakers and their watchdog. Ever drawn to the relics of an industrial past, we liked to stroll along the repurposed railway line that once connected Cheshire to Uttoxeter, through the woodlands of Dimmingsdale alongside the River Churnet. Archie’s nose would be aquiver with the unfamiliar natural smells: badger, deer, weasel, owl and vole.


As the seasons changed, so did the walks. In winter, the low rays of sunlight pierced the skeletons of old oaks and frostbitten hedges. In spring, the woodland shadows filled with bluebells. Autumn brought mists so thick that sometimes we struggled to see more than a few metres ahead. I started to notice how animals were rotated in their fields – which times of year the cows would be out, and when the sheep would be lambing. I learned the hard way that Archie had to be kept away from certain areas during muck-spreading seasons: late winter and spring.


My first autumn in the cottage was spent working on an important watchmaking project, with a deadline set for Christmas. It was a particularly complicated and ambitious project and, as the days rolled on and my progress didn’t, I kept telling myself, ‘The year isn’t coming to a close yet, I still have time.’ But increasingly I wished I’d invested my energy in inventing a time machine rather than machines to tell the time.


One late-autumn afternoon, I looked up and saw a flock of Canada geese flying in a rowdy ‘V’ formation across the sky. As the weeks went on, these flocks got larger and larger until one day, as I was walking through the woods, the whole sky was filled with beating wings and honking beaks. Archie tilted his head from side to side with a curious expression that I presume meant either ‘what’s that?’ or ‘that looks tasty: should I chase it?’ I suddenly remembered standing in the ‘background’ as a child, looking up at a similar flock of geese. For a brief, bitter-sweet moment, past and present collided.


In the northern hemisphere flocking geese are a reliable sign that the year is coming to an end.FN4 With my deadline looming, my strongest feeling was that I wanted them to stop; it was almost as if they were telling me that my time was running out. We were both, in a way, keeping time.
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Archie watching a flock of Canada geese.


 


The natural world surrounding us is riddled with temporal cues if you know where to look for them. It was our first clock, and it continues to tick around us for those that take notice. It was living with and saturated by nature that caused humankind to develop the first timepieces. If watches are personal time, then our first watch was our internal one. You could say that the watch emerged from our first efforts to align our inner sense of time with what we observed in the world around us.
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The object that archaeologists currently consider to be the strongest contender for the earliest known timepiece is 44,000 years old. It was discovered in 1940 when a man collecting bat guano in modern-day South Africa discovered a cave in the Lebombo Mountains, nestled among the bush and scrub. The cave was filled with ancient human bones, some of which were 90,000 years old. The site, now called Border Cave, is one of the most important in the history of humankind. Border Cave, which was continuously inhabited by humans for 120,000 years, protected its inhabitants both in life and in death. Located high in the mountains overlooking the plains of what is now called Eswatini, it was an easy site to defend from predatory animals and other humans and offered a good vantage point from which to scout for prey. Archaeologists found more than 69,000 artefacts there, many showing a rich understanding of the natural world and how to engage with it: there were sticks used to dig for carbohydrate-rich tubers, sharpened bones for leatherworking, pieces of jewellery made from ostrich eggs and marine shells, and straw bedding that, repeatedly layered on top of ash and camphor bush, was probably used to repel biting insects and parasites like ticks.


But for me, the most extraordinary discovery was a small piece of carved baboon fibula, about the length of an index finger, inscribed with twenty-nine clear notches, and polished by the hands of its owners through many years of use. It is the first clear evidence of calculation in human history. The Lebombo Bone dates back to long before the advent of agriculture or any evidence of planning for the seasons, and even longer before we conceived of anything close to a regular working day. It is a measuring device from a time when, so far as we know, there was very little to measure.


So what were our ancestors trying to calculate? We can’t know for sure, but some scholars have a theory. After the passage of day and night, another likely division of time for our ancestors is thought to have been the phases of the moon. The marks on the bone consist of thirty spaces alternating with twenty-nine notches. The average lunar month is about 29.5 days. If our ancestors rotated measurement between the notches and the spaces that divided them, they would have reached the average of 29.5 days and therefore correctly calculated the lunar month. Some scholars have even suggested that its makers used the bone to track their reproductive cycles, or the length of a pregnancy. I like to think it was handled by our great-great – hundreds of greats – grandmother as she counted down the days.


Many ancient cultures believed that the two cycles – lunar and menstrual – were linked; indeed the belief persists to this day. A recent study found no definitive link, but hypothesised that modern lifestyles, particularly our exposure to artificial light, might have weakened the synchronicity. If so, we would be far from the only creatures whose internal clocks are aligned to the rhythms of the natural world.


My friend Jim,FN5 a farmer and master whisky blender in western Scotland, and his wife Janet, a fourth-generation shepherdess, told me how the sharply decreasing daylight hours in November trigger their ewes to ovulate. With incredible predictability and to within a few days, all the ewes in the flock will follow virtually the same cycle. Within two cycles, most if not all of the ewes will be pregnant. Twenty-one weeks later, in around the first half of April, the lambs are born, aligning perfectly with the end of the bitter winter weather and the beginning of spring growth. Jim describes this work of coordination as ‘getting the mouths ready to eat the grass’.


Just as the lambs arrive, one or two days either side of 17 April, swallows arrive from their 6,000-mile migration, escaping the heat of the South African summer. Between the new livestock and the nesting swallows, spring breaks on the farm in what Jim lovingly refers to as a ‘huge burst of life’. In September the swallows queue up on telegraph cables and tree-branches, knowing, somehow, that it is time to leave.


Every living creature has an internal clock. Those of us who live with canine companions and work a regular schedule will have noticed their eerie ability to predict when we’re about to come home after a day at work. This is thought to be because the moment we step out through the front door we leave a human smell timer for our dog, who learns that once our scent has diminished to a certain level, enough time has passed for us to be due home. The rooster crowing at daybreak, a timekeeper across the globe, is operating according to an inner circadian clock that has been found to run for an average of 23.8 hours, hence their crowing just before the dawn. Even organisms as small as plankton are known to move up and down in the water, from the depths to the surface, every dusk and dawn. We can be fairly certain that they sense changes in UV levels (in very strong sunlight they sink a little lower into the water to avoid damage) and so can tell day from night by the sun’s light. They have even been observed, in controlled experiments in a dark aquarium, to continue to make their vertical migration for several days in the complete absence of light. In other words, they too have a biological clock that functions around a 24-hour system.
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‘Oh my, is that the time already?’ A plankton heads to the surface.


 


 If anything, our ability to read our internal clock is weaker than most animals’ because it’s interfered with by our perception of time, which can be warped by emotions: happiness, novelty and absorption seem to speed it up, while boredom and fear appear to slow it down. This body clock undeniably exists, almost like a sixth sense, but it is not universally understood (my internal hour may not be your internal hour). Timekeepers are a symbol of our drive to share, quantify and externalise our intuitive awareness of time. The Lebombo Bone suggests that we were doing this as early as 40,000 years ago.


Ancient measuring devices have been found on almost every continent. Many of the oldest examples sprang up independently of each other, and their patterns suggest different purposes. The first humans to populate Europe, the Aurignacians, left behind what appear to be early calendars. In Baden-Württemberg, a small plaque made from an eagle’s wing bone is believed to be the world’s oldest known star chart.FN6 In the Democratic Republic of Congo, a 25,000-year-old bone tool handle, known as the Ishango Bone, bears a series of carved notches suggesting mathematical calculations like addition, subtraction, doubling and prime numbers.


These hand-held devices seem to mark an important conceptual turning point for our species. As the philosopher William Irwin Thompson puts it, ‘The human being was no longer simply walking in nature; it was miniaturizing the universe and carrying a model of it in its hand in the form of a lunar calendrical tally stick.’ But I think they do more than this. By capturing cosmic events in a device that we can put on our wrist or hold in our hand, we are reassuring ourselves – perhaps misguidedly – that we can control the uncontrollable. They make us feel that we are no longer just existing in time but using it, to our advantage.
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What did time feel like to ancient humans? Did they simply live ‘in the moment’, the fantasy of many a self-help devotee? It may well be that they lived in ‘survival mode’. Anyone who has experienced extreme circumstances where food, warmth and safety are limited and under threat will tell you that their focus is purely on the here and now. But it is something of a ‘progress’ myth to assume that simply because we do not have evidence of early humankind externalising an understanding of existing in a moment in time, that he did not have it. The development of cave art, from as early as 45,000 years ago but increasingly common from 35,000 years ago, perhaps demonstrates a concept of a more distant past and future. If you frequented a cave with pre-existing rock paintings, your thoughts might naturally turn to the ancestors who made them before you; and if you added your own marks to the walls, you might contemplate the generations that would see them after you were gone. But there is no way to know where the genesis of our shared time lies. The appearance of grave goods later, about 13,000–15,000 years ago, gives us more conclusive evidence of a belief in a time beyond our own. Burying loved ones with their treasured possessions – a favourite knife, jewellery, an infant’s toy – implies that these objects might be required in a future afterlife.


A few years ago, archaeologists discovered a 23,000-year-old human camp on the fertile shores of the Sea of Galilee in Israel. They found 140 different species of plant there, including emmer, barley, oats and, crucially, the remnants of lots and lots of weeds (weeds flourish in disturbed soil and cultivated land, which is why they are the bane of every gardener’s life).FN7 This site is the earliest known evidence of basic agriculture, some 11,000 years earlier than previously believed.


These pioneering farmers were probably also observing the position of the sun, the phases of the moon and the migration of animals. Above all, they clearly had a conception of the future: they understood that if they planted something in the present, they could reap their rewards months later.


This is still some way from the modern experience of time as defined by the hours on a clock dial. For our ancestors, time was divided not by abstract numbers but by natural events, such as seasons and their related weather conditions. This is how the Kenyan-born philosopher Rev. Dr John S. Mbiti described event-based time in relation to traditional African hunter-gatherer communities: ‘There is the “hot” month, the month of the first rains, the weeding month, the beans month, the hunting month, etc. It doesn’t matter whether the “hunting month” lasts twenty-five or thirty-five days: the event of hunting is what matters much more than the mathematical length of the month.’ Cycles of a longer duration, like a year, would be measured by the repetition of the agricultural cycle, such as the passage of two wet and two dry seasons, with these four seasons making one year. The exact number of days in a year was not important, ‘since a year is not reckoned in terms of mathematical days but in terms of events. Therefore one year might have 350 days while another has 390 days. The years may, and often do, differ in their length according to days, but not in their seasons and other regular events.’ In many ways this system makes better sense than our attempts to bend nature’s unpredictable patterns to our will. To pin one’s hopes on a natural event occurring on a numerical day or hour of a human-constructed calendrical system is to be doomed to disappointment.


Storytelling also played an important role in event-based systems of recording time. Without a numerical calendar to reference, tales about ancestors – and their experiences of good and bad harvests, floods, droughts, eclipses – were invaluable ways by which history acquired its shape, how the past informed the present and predicted the future. For some coastal Aboriginal communities living in modern-day Australia, these stories go as far back as the rising of the ocean at the end of the last Ice Age 10,000 years ago. Māori culture likewise places supreme value on genealogy and ancestry – on all that went before – and uses the wonderful word ‘whakapapa’ (pronounced ‘fakapapa’) to describe it. For them, a meaningful future is unimaginable without knowledge of the past.


Nature still influences our relationship with time – even in our increasingly digital age. British Summer Time, the act of adjusting our clocks backwards or forwards by an hour every six months to increase the amount of daylight we have in the winter mornings, shows that the light, rather than the hour, remains the decisive factor in getting up in the morning. We still calculate the length of a pregnancy according to lunar months (ten lunar months is forty weeks) or end our day on the beach by judging the movement of the tide. The changing colours of the leaves or a sudden chill in the air tell us summer is over far more viscerally than any date on a calendar.


What’s more, our timekeeping is still event- and story-based. We say, ‘That was just before you were born’; ‘It was the summer after my GCSEs’; ‘It was the month after our wedding’, locating things around milestone moments in our own lives. Current generations will for many years think of things as ‘Before’ or ‘After Covid’ – an almost universal mass event, even though for those stuck at home during the pandemic lockdowns time lost all distinction. As the milestones that might have marked the year – weddings and holidays, parties and exams, even Christmas – were all cancelled, the days felt oddly ‘out of time’.
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Close your eyes and think of a watch.


I suspect you’re picturing an analogue clock face, with the dial divided into twelve.FN8 Two hands are rotating ‘clockwise’. And the whole thing is mounted on a wearable strap.


All of these elements were established in the ancient world. And all of them were arrived at through dialogue with nature. The Sumerians, the first known Mesopotamian civilisation (located in modern-day Iraq and Syria), are often credited with inventing the first numerical system for measuring time. They developed the first written number system based around the number sixty, which still dictates how we quantify minutes, hours, angles and geographical coordinates. This number was easily divisible without complicated fractions or decimals. It was also divisible by three – helpful because most humans have an inbuilt body calculator for the three times table. Each of our fingers has three joints or knuckles, so one hand (not counting thumbs!) accounts for twelve finger knuckles; together, both hands total twenty-four. This counting system may well be the origin of the twenty-four-hour day.


A thousand miles west of Sumer, in ancient Egypt, scholars started to use the sun and stars to divide time even further. The name of the ancient Egyptian god of the sky, Horus, whose right eye was believed to be the sun, is the origin of the modern word ‘hour’. About 5,000 years ago, Egyptians discovered that the Earth’s solar year – the time it takes our planet to revolve round the sun – influenced the rising waters of the Nile, and coincided with the summer solstice and the prominence of Sirius, the dog star, in the night sky.


Our very idea of ‘clockwise’ is also a function of the sun, as well as an accident of location. The civilisations which shaped contemporary timekeeping systems were generally located in the northern hemisphere. And if you want to follow the path of the sun across the heavens in the northern hemisphere, you have to face south. From that position, the sun moves from left to right over the course of the day, with the countering shadow it casts creeping around from right to left: in other words, clockwise. This simple observation surely led our ancestors to gauge the time from the lengths and angles of the shadows cast by the people, buildings or trees around them. The sundial, the first clock ‘dial’ as we know it, was an attempt to harness this very phenomenon, replacing random shadow-casting objects with a designed vertical rod or shape called a gnomon.


No one knows who first invented the sundial or shadow clock. They appear all over the world, from the Stone Circle at Stonehenge (c. 3000 bc) in England, positioned to align with the sun on the summer and winter solstices, to the painted sticks used to make calculations from shadows at the ancient astronomical site of Taosi in China (c. 2300 bc). In the ancient Egyptian burial site the Valley of the Kings, the divisions of a very early sundial were found etched into a flat sheet of limestone on the floor of a worker’s hut dating to the middle of the second millennium bc. The gnomon, a separate vertical stick pushed into a hole at the centre of the dial, has been lost but would once have cast its shadow on a semicircle drawn in black and divided into twelve sections approximately 15 degrees apart. The rough divisions were enough to allow its owner to pinpoint the start of the working day, lunch, and time to pack up and head home before it got dark. It is this pairing of gnomon and dial that creates a ‘true’ sundial.


Sundials served another important purpose: they were a community’s focal point. Often planted in the heart of towns and cities, they provided the local population with a shared sense of time – one that everyone could access and work to. This collective understanding of time proved crucial to the development of civilisation. By charting the skies and measuring the movements of the sun, we were able to divide the lives and routines of large groups of people into ever smaller and more accurate parcels of time. These divisions made it increasingly easy to work together and schedule our interactions with others – whether it was farming, trade, education or governance – and in turn help us make plans for the future.


In the hours of darkness, the ancient Egyptians looked to the stars, using them like a vast celestial clock face (we still use zodiac and star groups to measure the passage of time).FN9 Astronomers identified at least forty-three different patterns that included sꜣḥ (or Sah in English, which includes parts of Orion), Ꜥryt (the transliteration of ‘the jaws’, modern-day Cassiopeia), knmt (possibly meaning cow and signifying Canis Major) and nwt (the Milky Way, and sky symbol of the goddess Nut). They also knew of the planets Mercury, Venus, Mars, Saturn and Jupiter; and they could calculate and predict lunar eclipses. Celestial calendars played an important role in planning the annual lunar festival, where swine were offered to the moon god and Osiris, the god of agriculture, at the season of the new moon.


When I imagine a watch, I always hear it ticking; a constant, nagging reminder of how fast our time on this planet is passing. Many earlier timekeepers likewise recorded the passage of time. Water clocks did this by harnessing the regular pace at which water flows through a hole. The earliest examples were surprisingly simple: they were essentially an earthenware vessel filled with a certain measure of water that then flowed into a second earthenware vessel. They relied on an accurate understanding of volume and flow rates. For these clocks, time would literally run out and need to then be refilled by a dutiful attendant. Alabaster and black basalt water clocks were used by the ancient Egyptians for this purpose, while Bronze Age clay items have been found on the coast of the Black Sea in modern-day Ukraine. Variations on this basic system developed all over the world, from ancient Babylon and Persia to India, China and Native North America and ancient Rome. In ancient Greece, clepsydra (meaning ‘water thief’) were used in the Athenian law courts to mark the time given to each speaker. Some of these clocks could even sound an alarm. In the design of a water clock dating from 427 bc, invented by Plato, a series of four vertically stacked ceramic urns is used that allows water in the top vessel to flow at a slow and controlled rate into the next vessel directly below it. When that urn is full, at a precise timed moment calibrated by its size and the speed of the flowing water that fills it, water floods through a siphon into the third urn below all at once. The sudden rush of water forces the air in the third vessel through a pipe near its top that whistles to sound the alarm. The fourth urn at the bottom of the stack collects the water ready for it to be reused.


In ninth-century England, King Alfred the Great of the West Saxons used candle clocks like a modern-day productivity guru, keeping a strict daily schedule consisting of eight hours for work, eight hours for study and eight hours for sleep.FN10 His ‘clock’ consisted of six candles of uniform width and height. Each one took four hours to burn and was marked with twelve equally spaced divisions, each representing twenty minutes. So two candles marked the duration of Alfred’s daily reading and writing (he was a passionate scholar who translated a number of Latin religious texts into Old English), and another pair stood guard as he planned battle tactics to defend his lands against invading Viking armies or mediated disputes between his subjects. The final two watched over the king as he slept.


As travel increased and people needed to tell the time on the go, many of these traditional timekeepers proved impractical: sundials were too static, clepsydras sloshed all over the place, and candle clocks were extinguished by the wind. In the second half of the Middle Ages, the hour- or sandglass were increasingly used alongside them. By the end of the thirteenth century, ‘sand-clocks’ were being used on ships. In his Documenti d’Amore, written between 1306 and 1313, Francesco da Barberino insisted that ‘in addition to a lodestone, skilled helmsmen, good lookout, and chart, the sailor must have his sand-clock.’ In the late fifteenth century, Christopher Columbus is said to have used a half-hour ampoletta (meaning ampoule, a kind of glass container), which was maintained by the helmsman and corrected using the midday sun as a reference. Sand-clocks helped sailors locate themselves not only in time, but also in space: by knowing how long it had been since you set sail, and the speed you were travelling (measured literally in knots, by extending a line with equally spaced knots overboard and timing how quickly the knots dragged out to sea), you could calculate roughly where you were and when you would reach land. This process is called dead reckoning and for centuries the sand-clock was the best device available. It would take another 500 years and a revolution in science and engineering before the mechanical clock could match the accuracy of the sandglass for the measurement of longitude at sea.


In the sixteenth century sundials became small and portable. Ring dialsFN11 (the smallest were about the size of a man’s wedding band) were engraved metal rings that could be held up to the sun and read as the light shone through a small hole in the main band and cast a bright dot on a scale inside. The sides of the ring, formed from separate pieces of metal, could be rotated to adjust for the correct month and latitude to give an accurate reading. Their invention is credited to the sixteenth-century Dutch mathematician and philosopher Gemma Frisius (1508–1555), who in 1534 took his idea for an ‘astronomer’s ring’ to the engraver and goldsmith Gaspard van der Heyden – a collaboration of science and craftsmanship that foreshadowed the watchmaker’s art.


The wrist-strap we imagined earlier is a defining feature of the watch, because it makes time wearable and therefore personal. The ring dial was significant for the same reason. This was the first timekeeper that could be tucked in a pocket or suspended on a cord or chain and carried throughout the day. Petite, lightweight, and completely unaffected by the motion of their wearer, ring dials proved so practical that they were used for several centuries after the invention of the watch. They even get a cameo in Shakespeare’s As You Like It, when Jacques describes meeting a fool in the forest who makes a big show of pulling ‘a dial’ out of his pocket, telling him ‘very wisely “It is ten o’clock.” ’
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That passage reminds me of my foolish moment in the forest, as I looked up at the geese and obsessed over my own prized timepiece. In the end, the deadline I was working to during that first winter in the countryside passed me by, just like the birds: I didn’t finish the watch for another three years.


I always find it comforting to remember that however mechanised and digitised our experience of time seems today, it will always be underpinned by natural forces that remain completely out of our control. And that, in the end, some things still take as long as they take.










Chapter 2


Ingenious Devices


‘Measure what is measurable, and make measurable what is not so’


 Attributed to Galileo (1564–1642)


 


When I was seventeen I dropped out of school and wound up on a silversmithing and jewellery course. As far as my friends and teachers were concerned, I might as well have run away to join the circus. I had always loved art, but I had taken all science A levels in pursuit of my dream of becoming a pathologist. School wasn’t encouraging. My careers adviser implied that medicine was not really for kids from my working-class background. And though I loved science, the way it was taught felt so rigid, dry and cold. So little of it was hands-on. I’d spent all year looking forward to dissecting a sheep’s heart in biology only to discover the exercise was being cancelled after another student fainted. Halfway through the course, I had my moment of rebellion: I decided if science wasn’t going to have me, I’d run away to art school.
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