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    PRAISE FOR ABOUT TIME


  




  “A fascinating and comprehensive survey of how technology – from farming to railways to telegraphy to the internet – has changed our everyday concept of time.

  [Frank] is excellent at showing how our ideas of human and cosmic time have evolved hand in hand ... Compelling.”




  

    Marcus Chown, New Scientist


  




  “Eloquent ... [Frank’s] trek through the history of humanity takes a parallel look at how we have gained a deeper grasp of the Universe during our time on

  Earth.”




  

    Nature


  




  “A phenomenal blend of science and cultural history ... Ultimately, Frank argues that recognizing our place in the ongoing narrative of the creation of cultural time and

  cosmic time – moving beyond the cosmology of the Big Bang (of which ‘ours’ may be one of many) – is what will allow mankind to enter a new, global era of time and

  culture.”




  

    Kirkus Reviews, starred review


  




  “This will fascinate anyone curious about the nexus of astronomy and history and, of course, time.”




  

    Library Journal


  




  “Frank ponders fresh ideas in cosmology ... and how the human perception of time will change in the future.”




  

    Washington Post


  




  “This one is a must-read! The book does a wonderful job weaving together the story of human history and time in the context of the universe. From the Big Bang to the

  Renaissance to cell phones to the multiverse, [Frank] takes extremely complex ideas and makes them easily digestible, endlessly fascinating, and fun. About Time will make you

  think.”




  

    Culture of Science


  




  “‘Time’ is the most used noun in the English language, yet we still don’t really understand it. Adam Frank tells the fascinating story of how humans

  have struggled to make sense of time, especially in the context of the universe around us. From prehistory to the Enlightenment, through Einstein and on to the multiverse, this is a rich and

  inspiring tour through some of the biggest ideas that have ever been thought.”




  Sean Carroll, author of From Eternity to Here
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  Prologue




  BEGINNINGS AND ENDINGS




  ROCHESTER, NEW YORK, USA • APRIL 16, 2007, 3:20 P.M.




  The girl in the third row raises her hand and I know I’m in trouble.




  The lecture hall is packed with students. In front, the perennially scribbling pre-meds have put down put their pens. Usually desperate for any fact that might appear on the exam, this

  term’s crop of grade hunters have stopped blindly transcribing everything I say and are, for the first time all year, simply listening. In the way back, the line of identical frat boys with

  their matching baseball caps are actually paying attention to the lecture rather than hiding behind their newspapers or whispering to the cute sorority girls clustered around them.




  This is the class I cherish. From years of teaching I know this is the subject everyone cares about. I am deep into the cosmology lecture of my Astronomy 101 class. Today it’s all Big Bang

  and cosmic origins, and the students are wide-eyed. For this one hour, the windows of the universe will open up for them. For this one hour, they will climb out of their day-to-day concerns about

  grades and careers and getting laid and briefly stand in wonder at the deepest questions their species has learned to ask . . . and answer.




  I don’t expect these students to pay such rapt attention to my other lectures: the ones on stellar evolution, the history of astronomy or comparative planetology. But with the Big Bang I

  know their attention will be fixed for long enough to briefly catch a glimpse of our communal place in the fabric of creation. And, within this hour, I also know that sooner or later someone is

  going to break the spell and ask that one damn question.




  “Professor?” she calls out. Sophie is her name. She is one of the students on fire with the subject this year—earnest, intelligent, alive to the big mysteries an astronomy

  class naturally washes up against. OK, I think, here it comes. I tell her to go ahead.




  “But Professor,” she begins, “what happened before the Big Bang?”


  The usual vertigo closes in. Yeah, I think, that’s a good question. What the

  hell did happen before the Big Bang? There is a long pause as the class waits expectantly. As if I, or anyone else, really have the answer.




  4:08 p.m. I have lost them. Looking across the hall, I can see the mystery has dissipated. The real world has returned. The class is supposed to end at 4:15. Still in

  the thick of the lecture, I have already strayed too close to that imaginary deadline that marks the end of class. My story of cosmic creation has lost its urgency and become a death march of facts

  and details. The beginning of time and the nature of time both have become abstractions. Time and the cosmos shrink, congealing into the urgencies of now: the next class, the homework review

  session, the hoped-for hour at the gym, the coffee appointment with friends.




  It is still too early for them to gather up their books and begin the shifting and rustling that mark the end of class. Instead, the students sit and feel the minutes collapse slowly—so

  slowly—into an ooze of boredom. They are caught in a purgatory of waiting, an empty place mediated only by their devices and technology. Some watch the minutes tick off on their open laptops.

  Others fill the wait by sending instant messages to friends across the quad or across the continent. Others see the abstraction of time become concrete on their mobile phones, each little box

  connected to a global cadence of milliseconds passing through waves of electromagnetic energy and information. While I continue to lecture about time and the universe, the students feel their own

  experience of both weighing down on them. If only they knew how closely connected their personal worlds were to the sweep of cosmic history I am recounting. And if only they understood how much it

  was all about to change.




  

    IT’S ABOUT TIME


  




  This book tells two stories that are braided so tightly they cannot be separated, even if they have never been told together before. Like my cosmology lecture that April day in

  2007, the twin narratives I am about to unfold encompass the grandest conception of the universe we human beings have been able to imagine and explore. At the same time they embrace our most

  intimate and most personal experience of the world—the very frame of human life.




  This book is about time, both cosmic and human.




  The subject of time can transport us to the deepest levels of reflection. By looking out into the depths of space, we are always looking back in time and so, on its largest scale, our science of

  the universe is also, always, a story about the depths of time. There are many books—philosophical, technical and popular—on the nature of time as we experience it. There are just as

  many books telling the story of cosmic time by recounting the grand story of scientific cosmology. But there are few instances where we stop to ask how our stories about the universe’s time

  are intimately wedded to the texture of time in our daily lives. Now there is a compelling reason to recount the braided narratives of cosmic history and human time as a unified whole: the Big

  Bang is all but dead, and we do not yet know what will replace it.




  There are those who will tell you that cosmology—the study of the universe entire—has become an exact science. They will tell you that this grand and all-embracing field has, in the

  last fifty years, moved from the realms of philosophical speculation into the purest domains of science via exacting confrontations between theoretical models and high-resolution data. You should

  know that they are right. For the first time in the long march of human thinking we are now, finally, able to construct a detailed and verifiable account of cosmic history.




  So when I tell you that the Big Bang is dead, I am not referring to the story that begins with a universe far hotter and far denser than what we see today. I do not mean the story of a universe

  expanding, of matter cooling and congealing over billions of years into stars and galaxies. That story, the scientific narrative of cosmic evolution over the last 13.7 billion years is, for all

  intents and purposes, secure.




  It is the beginning, the genesis, that stands ready to be replaced. The singular and all-important moment of creation at the beginning of the Big Bang—the beginning of time and

  existence—is poised to be swept aside. In other words, it’s the bang in the Big Bang that we, in our endless quest to understand the world, are ready to abandon. That single moment of

  creation with no before has been done in by the very precision of the science that gave the idea a measure of reality.




  Now it appears that science is ready to go beyond, and before, the Big Bang. Cosmology is waiting at the precipice of its next great revolution. The only question is where—or, better yet,

  when—do we go from here? We are ending the beginning and beginning down another path.




  Cosmology and its impending reformation form the first narrative line of this book. If we are to understand how our grandest theories of the universe are about to change, we must first

  understand how we got to the Big Bang in the first place. Along the way we will encounter the most potent ideas of modern physics from Einstein’s theory of relativity to the powerful but

  paradoxical realm of quantum mechanics and subatomic physics. In this first story we will explore cosmological foundations so that, when the moment comes, we will be ready to imagine the range and

  meaning of the Big Bang’s bizarre alternatives.




  And this is all about time. The roots of cosmology cannot be reworked without a new conception of time, including its origins and its physical nature. In Big Bang cosmology physicists imagined

  time to simply begin, like God firing up the engine on his cosmic Porsche. Alternative cosmologies, hovering just across the horizon, must replace that vision with something new.




  Time, however, is slippery stuff. In both our abstract ideas about time and our attempts to understand its direct experience we are always walking on thin ice. Our scientific theorizing about

  time must always, at some point, meet our concrete, day-to-day movement through it. But where is that point? If the science of cosmology is about to re-imagine time, then how will that affect the

  way we experience time from moment to moment?




  That question forms the heart of this book’s second narrative. If the first story leads us to the precipice of modern cosmology, the second story tells what might be called the social

  history of time—a history of lived time. And in that second story there awaits a radical truth: as our ideas about cosmology and cosmic time have changed, human time has changed too. The

  industrial revolution, with its roots in the scientific discoveries of Newton and its radical reformation of human life, is perhaps the most potent and obvious example of the binding of human and

  cosmic time. Throughout the 1700s, new universal laws of physics pioneered by Newton reworked human conceptions of the heavens. Then, in time, Newton’s mechanics became the blueprint for

  machines unlike anything human culture had built before, laying the ground for the triumph of industrialism. As workers filed into their new punch-clock lives of efficient production their world

  echoed the new clockwork universe of planets clicking through their orbits governed by economical rules of gravity and motion. Human time and cosmic time had been partnered in mutual

  transformation. But the two times—cosmological and human—had always been intertwined, and there was never an age when they could be cleanly separated.




  The brute facts of time and nature are simple—the day lasts from sunrise to sunset—but from that point onward the simplicity ends. Our sense of social and personal time has been

  transformed and rebuilt in the many revolutions since we awoke to self-consciousness fifty thousand years ago. From hunter-gatherer tribes to the development of agriculture to the industrial

  revolution, our encounters with time have been reshaped again and again. Yet unrealized, the resonance between human and cosmic time is the essential instrument in this story of transformation.

  Cultures need a cosmology to understand their place in the greater framework of creation. But cosmologies—mythological or scientific—are collaborative creations that spring from the

  collective efforts and resources of entire cultures. When cultural time and cosmic time change, they change together. In an era dominated by scientific advancements, the simple assumption would be

  that new technologies lead the way, creating new cosmological narratives that also reshape culture. As we will see, the truth is far richer. The imperatives of changing culture or changing

  cosmology are always pushing back and forth on each other. At some moments in history one side takes the lead in changing time, and at other moments it’s the other side that surges forward to

  initiate change. But always and again, time—both cosmic and human—has changed in ways that we have yet to fully comprehend.




  Ask a friend what time it is and he might look at his watch and respond that it is 1:17 p.m. But what is 1:17 p.m.? What is the meaning of such an exact metering of minutes? There is nothing

  innate, objective or God-given about this kind of time. As we shall see, mechanical clocks did not appear until the fourteenth century, and they did not even have minute hands (an invention that

  would take approximately another three hundred years to appear). Did 1:17 p.m. even exist one thousand years ago for peasants living in Dark Ages Europe, Song Dynasty China or the central Persian

  Empire? Was there such a thing as 1:17 p.m. in the long millennia before the vast majority of human beings had access to any form of timekeeping device?




  But 1:17 exists for you. As a citizen of a technologically advanced culture replete with omnipresent time-metering technologies, you have felt 1:17 in more ways then you probably want to think

  about.




  How often have you found yourself on time for a train, a bus or an appointment that was scheduled as an exact block on your electronic calendar? Then, somehow, a delay appeared. The bus was

  late, the train had not yet arrived, the appointment was pushed back. Suddenly you are forced into the purgatory of waiting. Through the mediation of your watch or your mobile phone (with its

  automatically updating time-zone compliant chronometer), you feel those minutes crawl past just as my students felt the weight of their minutes until the lecture ended: 1:11, 1:15, 1:17. They drag

  on breeding frustration, boredom and anger. For you, those minutes are real.




  Measured against the long arc of human evolution, this experience of time is something new and very radical. You feel time in a way that nobody did a thousand years ago. In 2000 BCE or 850 CE

  there was no culturally agreed-upon 1:17 p.m. For the vast majority of human existence, there was only “after lunch” or “in the afternoon”.




  It’s a new time that we have created in our hyperdigital, telepresent, instant-messaged society. Connected simultaneously to all points of a GPS-mapped globe, we struggle to get that last

  batch of e-mails sent out before the 2:30 meeting, only to watch helplessly as a new batch appears. It’s a new time we have invented, and it appears to have left us with no time at all.




  If the time we live by is something new in human evolution, is it real? If other cultures moved through each moment of their days in entirely different ways, then how concrete is 1:17 p.m., with

  all the import, urgency and meaning we ascribe to it? As we shall see, the time we imagine for the cosmos and the time we imagined into human experience turn out to be woven so tightly together

  that we have lost the ability to see each of them for what it is.




  Our cosmologies are soaked in time and have shaped the worlds of culture and experience. Our cultures are soaked in time and have shaped our grandest imaginings of cosmology, from myth down to

  the exacting science and technologies we encounter today. This braiding of science and culture is a story that we are unused to telling. It is easy to think of science as some kind of lumbering

  giant picking up brute facts and handing them to us in the form of revolutionary technologies (mobile phones, atomic weapons, antibiotics). But the knife-sharp separation of science from other

  human endeavours such as art, politics and spiritual longing is too abstract to be true or helpful. We want to glimpse the ways our science shapes, and is shaped by, experience and the culture it

  creates. That task demands we ask the deepest questions of all about the nature of time, the cosmos and their beginnings.




  FROM HERE TO THE BEGINNITY: THE STORY OF SCIENTIFIC COSMOLOGY




  The story of modern cosmology starts now and moves in reverse. That is how we astronomers and physicists have learned to piece together the story of the Big Bang. We begin with

  what we see around us—galaxies flying apart, carried along with the flow of space and time—an expanding universe. Then we imagine running the film of that expansion backwards. The

  galaxies crowd together rather than rush apart. Space becomes dense, the galaxies dissolve, and atoms are slammed into each other, reaching towards infinite density. The heat released drives the

  temperature of the entire universe towards impossible heights, until we are back at that singular moment—the unimaginable beginning when time itself was born.




  The first cosmologies were the myths of our distant ancestors. In their stories of sky gods and mother goddesses, one finds the same explanatory impulse that drives our modern scientific

  efforts. What is new in our scientific and technological versions of the cosmological narrative is the all-important ability to test our stories against the data. We can ask the universe if we are

  right and see if it agrees. But Big Bang cosmology is not really one story; it is many. It is an interlocking web of scientific narratives about the nature of reality. Forged in earthbound

  laboratories, astronomical observatories and the imaginations of theoretical physicists across the last five hundred years, it is a culmination, one of our greatest achievements as a culture. If we

  are to understand the Big Bang—its triumphs, its failures and the horizon of possibilities that could replace it—we will have to cover a broad landscape of physics and astronomy. We

  must obtain a complete view of where we are now so that we may be prepared to imagine what comes next.




  To understand the Big Bang and its looming alternatives, we must cover a terrain that has a wild topography of remarkable beauty and range, shaped by nature’s deepest laws. Passing across

  that landscape, we will, in the chapters that follow, explore the foundations of modern physics—Einstein’s theory of relativity, quantum and particle physics, thermodynamics and

  astrophysics. We will linger long enough with these fundamental ideas to gain a sense of how the universe has taken the form we see through our eyes and our telescopes.




  Crossing this terrain will take us to the precipice we now face. For all their power, our two greatest theories of physics—quantum mechanics and Einstein’s theory of gravity (called

  general relativity)—face a single great failing: they cannot talk to each other. The domains of the very small (quantum physics) and the domains of the very large (gravity) cannot be

  reconciled. After fifty years of trying, we still lack that holy grail of physics, a theory of quantum gravity—a theory of space and time on scales so small entire universes could be bound in

  an atom. To understand the bang in the Big Bang, we need quantum gravity. Consequently, our cosmology remains incomplete.




  The search for quantum gravity and the ideas it entails will form one part of our story. The problems and paradoxes that have plagued the Big Bang will form the other. To rescue Big Bang

  cosmology from its own best data, astronomers and physicists were forced to imagine events occurring in the early universe—the barest instants after creation—which have shaken the very

  concept of a “moment of creation”. Together with the attack on quantum gravity, the rescue of the Big Bang has led to a Wild West of new ideas that throw open the frontiers of space,

  time and creation. The last part of our story will be the exploration of these frontiers.




  Could there have been not just one bang but recurring ones? Could our universe be only one in a long line of cycles? Could there be many bangs going off all the time, creating an infinite number

  of simultaneously existing universes—a multiverse of infinite possibilities? Perhaps, more radically still, our entire conception of time is wrong. Perhaps time is an illusion. Perhaps there

  is no passage from one moment to the next. Once we have gained a view of where we stand now, in the midst of our cherished but ill-fated Big Bang theory, we can explore these and other

  possibilities as we look to the future of cosmology and our concept of time itself.




  FROM THE BEGINNING TO BEING-HERE-NOW: THE STORY OF HUMAN TIME




  Building cosmologies is an old, old business for us. Myths and religion have conceived of Big Bangs before. But that didn’t make it any less of a surprise when scientists

  found that their own pathways of investigation led them towards t = 0, with its echoes of a biblical moment of creation. What many of them didn’t know was that even alternative

  cosmological models had antecedents in mythology and religion.




  The human engagement, construction and invention of time began with our mental awakening. Archaeologist Steven Mithen calls this, appropriately, the “Big Bang of consciousness”, and

  it remains as mysterious and enigmatic as the origin of the cosmos. Two thousand generations ago, deep in the cold of the last ice age, we humans awoke to the predicament of ourselves in time. In

  order to cope, we invented new forms of social organization and new ways of thinking that set the species on an unprecedented evolutionary trajectory. We invented culture and in doing so invented

  ourselves.




  It began some seventy thousand to forty thousand years ago with the burying of the dead. Death has always been a portal to time’s great mystery. By ending time (at least as we know it) for

  the self, death acts as an invitation to consider time’s reality and its meaning. We felt this even in the early stages of our cultural development. Arranging the departed into huddled

  postures of repose, we lay our loved ones in graves with precious goods, such as beads and knives, that signified an awareness of death as time. Later, on cave walls and rock cliffs, we began to

  leave a permanent record of our interior response to the world in art that remains haunting to this day. In these caves covered in paintings of bison and mammoths, archaeologists have also found

  flutes made of bone, and carvings on bone fragments that seem to trace the phases of the moon. As a species, we awoke not only to symbolic expression through art but also to the explicit experience

  of time through internal rhythms expressed in music and external rhythms we noticed in the sky.




  Personal time and cosmic time have been linked from the earliest origins of culture. When the development of agriculture followed the retreating glaciers, some twelve thousand years ago, a new

  sense of time emerged with it. Farming led to surplus and wealth, villages turned into towns, towns turned into cities, and cities grew into empires. In each stage, new encounters with time would

  emerge that were born directly from the material needs of the culture. It was through a direct, embodied engagement with the material world—what we made, how we made it and how that changed

  the way we organized ourselves—that time itself changed. Each culture shaped its day-to-day life through the technologies it built and through its “institutional facts”—the

  invented social reality the technologies allowed and supported.




  But cultures (with their invented institutions) need justification and support. They need to set themselves against a cosmic background to give individual and collective lives meaning. The

  central theme of this book will be to explore the enigmatic entanglement that tied human time to the cosmological narratives of sky and stars, origins and final endings.




  It is crucial to recognize that each grand change in human history has shifted more than merely ideas about time. Instead, it is the experience of time, its felt contours, that have been

  transformed. To understand that story, and to see how closely connected our direct encounters with time are to cosmological imaginings about it, we must travel a path parallel to the one we take in

  our exploration of physics and astronomy. A Palaeolithic farmer moved through his day and experienced time in a radically different way than did a merchant living in the great city of Babylon. The

  human encounter with time is fluid and malleable. It can and will change again.




  Thus, our story of human time will begin fifty thousand years ago with our hunter-gatherer ancestors and move through experiences of the first farmers and city builders. It will take on new

  themes as the Renaissance begins and clocks are first introduced to town squares. With the industrial revolution, an entirely new form of time comes to dominate culture, and a new politics follows

  in its footsteps. As the twentieth century begins, the electrified world gives birth to yet another form of encountered time that presages our own wireless world. Then, with the dawn of the space

  age and the digital revolution, we arrive at our own home in the age of precision, just-in-time, never-enough-time.




  By recounting the narrative of our time, in step with our emerging understanding of cosmic time, we will be in a better place to see where we are now and what other times we might create.




  We must note that there were (and are) many trajectories of development for human culture. In this book we will focus on the broad sweep of history, science and time but in doing so we focus

  primarily on the trajectory of cultural development associated with the West. This makes sense, of course, because science and scientific cosmology emerged from traditions born in what historian

  Ian Morris calls the “Western core”—Mesopotamia, Egypt, Greece and so on.1 We should remain mindful, however, that the traditions that emerged in the Eastern

  core—China, Korea and others—had their own cultural uses for time and their own cosmological visions for it as well. Now that science has become truly global it may be that our future

  will see metaphors associated with these other traditions finding their way into cosmological theorizing and the cultural constructions of time. It is a possibility we must not lose sight of as we

  look forward.




  THE REDISCOVERY OF MAN




  It’s only 9:00 a.m. in Lindos and the sun leans hard on my astronomer friend and me as we climb the narrow steps to the top of the cliff. We slept on the beach last

  night, knowing it would be the only way to reach the temple before the impossible heat and the crowds arrive.




  Lindos is a small coastal town on the Greek island of Rhodes. Here, some twenty-five hundred years ago, on a granite promontory that rises dozens of metres above the sea, the Greeks built a

  temple to the goddess Athena. From the beach below it’s a staggering sight—an acropolis hanging in the air. Now, as we reach the top of the stairs and walk out onto the temple grounds,

  it’s overwhelming.




  We came to this island not as sightseers but for a business that stretches as far back as this temple. All week we have been attending a conference on astronomy. My companion and I both study

  star formation—a branch of astronomy that focuses on the assembly of stars and planets from vast clouds of dusty interstellar gas. Along with 150 other astronomers, we gathered at a resort

  hotel on the other side of the island to share new data, new models and new insights into the early lives of stars very much like the one beating its light and heat down on us now. We must have

  looked odd to tourists, with our penchant for staying indoors all day, huddled in a dark meeting hall, staring at endless sets of PowerPoint slides.




  Locating this conference in Rhodes was not an arbitrary choice for its organizers. Two thousand years ago the city of Rhodes was the home of Hipparchus, the greatest of ancient Greece’s

  observational astronomers. In the days when this temple was home to priests servicing Athena’s concerns on Earth, Hipparchus was busy in the city cataloging the starry skies.




  I stand under the towering columns of the temple to shield myself from the ferocity of the sun and stare into an impossibly empty sky and an unyieldingly blue Aegean. Here, at a temple where

  each day would be metered by prayers to the gods, on an island where true astronomical investigation gained an early foothold, the glue binding human and cosmic time seems as concrete as the giant

  stone columns standing guard over the ocean.




  What began here has been continuously reshaped in a long march leading directly to the cosmos my colleagues and I explored at last week’s meeting. Now all of us—scientist and

  nonscientist alike—are about to start this march anew even if we do not recognize it. We are ready to end one kind of time and one kind of universe. We are ready to end the beginning and to

  begin again.
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  Chapter 1




  TALKING SKY, WORKING STONE AND LIVING FIELD




  From Prehistory to the Agricultural Revolution




  ABRI BLANCHARD, THE DORDOGNE, FRANCE • 20,000 BCE




  The shaman stands before the opening of the cave and waits. Night is falling now and the piercing cold of autumn easily penetrates her animal-hide cloak. Outside, beyond the

  sheltering U-shaped bay of low cliff walls, the wind has picked up. These winds originated hundreds of miles to the north at the blue-white wall of glaciers that cover much of northern

  Europe.1




  Winter is coming and the shaman’s people will have to move soon. The hides and supplies will be gathered and they will begin the trek towards the low-hanging sun and the warmer camps.

  But tonight the shaman’s mind is fixed on the present and she waits. It is her job to read the signs the living world provides. It is her job to know the turnings of Earth, animal and sky.

  The shaman’s people depend on this wisdom and so she waits to complete the task her mother suggested before she died. She waits, massaging the reindeer bone fragment in one hand and the

  pointed shard of flint in the other.




  Now she sees it, the glow over the eastern horizon. The great mother rises. The shaman waits to see the moon’s face—pale, full of power. There, see! She is complete again.




  From the crescent horns of many days ago, she has now returned, completed, to life. The full circle of the moon’s face, promising rebirth and renewal, has returned. The shaman holds the

  bone fragment before her in the grey light. With her index finger she traces out the long serpentine trail of her previous engravings on the bone. Then at the end of the trail she makes

  tonight’s mark with the flint-knife, carving the shape of tonight’s full moon into the hard bone.




  Two rounds of the moon’s dying and rebirth have now been traced out. The shaman’s work is complete. The round of life and death in the sky, like the rounds of women’s

  bleeding, have been given form, remembered, noted and honoured. She returns the bone to its place beneath the rocks where she keeps the other shamanic tools her mother gave her so long ago. Now she

  has added to the store, a marking of passages, that she will use and pass on to her own children.2




  WANDERING TIME: THE PALAEOLITHIC WORLD




  The origins of human culture are saturated with time but we have only recently learned to see this truth. The evidence of the age when we grew into an awareness of ourselves,

  the cosmos and time itself had always been just out of reach. For most of our remembered history, the clues to the birth of culture and cultural time lay forgotten, buried a metre or so below the

  ground. Then, in the late 1870s, the discoveries began and we started to remember.




  We first encountered the great awakening of our consciousness in 1879 in Spain when the nine-year-old daughter of amateur archaeologist Marcelino Sanz de Sautuola led him to a cave at Altamira.

  Venturing inside, he found its walls covered in vivid paintings now known to be twenty thousand years old. As archaeologists began systematic explorations, new caves were discovered, many of them

  also covered in paintings. The caves are a bestiary: bear, bison and mastodon appear on the walls along with other species. Sometimes these animals appear alone. Other times they are in herds.

  Sometimes we appear too—human figures set against the herd, spear at the ready.
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    FIGURE 1.1. The Recognition of Time. The Abri Blanchard bone fragment (dating back between 12,000 to 20,000 BCE). Archaeologist Alexander

    Marshack proposed that the distinct pattern of engravings was an early record of lunar cycles.


  




  These paintings gave voice to a heretofore silent past, showing that early humans were anything but “savages” incapable of representation, abstraction or response. This vivid

  prehistory, the time before written records, was set into a temporal sequence through painstaking work across the twentieth century. Radiocarbon dating allowed scientists to see when each cave was

  inhabited and when the paintings were laid down. As the sequence became complete, scientists came to understand how rapidly our ancestors had re-imagined what it meant to be human. With that

  recognition, conceptions of evolution and the origins of the human mind were thrown open. Scientists began searching for some purchase on a new theory that could explain how the mind rapidly woke

  to itself and to time.




  Buried next to the painted walls, archaeologists discovered artefacts worked by human hands. There were statues of women with wide hips, pendulous breasts and finely articulated vulvas, seeming

  to focus on the mysteries of fertility. Spear points, needles, flint daggers and hammers spoke of cultures skilled in the creation of a diverse set of tools for diverse needs. And on the floor of a

  cave at Abri Blanchard, a rock shelter in the Dordogne region of central France,3 archaeologists found a “small flat ovoid piece of bone pockmarked with stokes and notches . . .

  just the right size to be held in the palm of the hand”.4




  The Abri Blanchard artefact would sit in a French museum for decades until amateur archaeologist Alexander Marshack chanced upon it. Marshack was a journalist hired by NASA in 1962 to recount

  the long human journey leading up to the Apollo moon landing programme. In his efforts for NASA, Marshack dug so deeply into the history of astronomy, he found himself at the very dawn of human

  time. He first became obsessed with the Abri Blanchard bone when he encountered it, as part of his NASA project, in grainy illustrations of forgotten archaeology tracts. Eventually travelling to

  the imposing Musée des Antiquités Nationales near Paris, he found the small artefact all but ignored in a “musty . . . stone chamber” among “accumulations of Upper

  Palaeolithic materials, crowded under glass with their aged yellowing labels”.5




  Marshack dedicated years of intense study to the Abri Blanchard bone fragment, rejecting the accepted wisdom that the notched carvings were nothing more than early artistic doodling. He traced

  over the curved trail of finely etched crescents and circles again and again. Finally he discovered a pattern echoing his own interests and his ongoing studies of the moon’s impact on human

  life, time and culture. In 1970 he published a closely reasoned and convincing argument that the etchings on the bone fragment were one of the earliest tallies of time’s passage, a two-month

  record of passing lunar phases.6 Rather than random doodles, the creator of the Abri Blanchard fragment had been marking time in a systematic way, for perhaps the first time ever.




  In caves at other sites across the world, fragments of humanity’s first encounters with time were also found. Sticks with sequential notches, flat stones engraved with periodic

  engravings—each artefact gave testimony to an increasingly sophisticated temporal awareness.7 It was in those caves, tens of thousands of years ago, that the dawn of time broke in

  the human mind.8




  Scientists call this era the Palaeolithic—meaning “old stone age”. The origins of human culture (and human time) occurred during the so-called Upper Palaeolithic, from roughly

  43,000 to 10,000 BCE.9 All human beings during this period lived as hunter-gatherers and left us no written records of their thoughts (writing would have to wait until around 4000 BCE).

  Through painstaking analysis and considerable imagination, however, scientists have pieced together the outlines of the Palaeolithic human universe. Using the artefacts found at sites around the

  world and the narratives of contemporary hunter-gatherers, scientists have gained some understanding of these first modern humans.
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    FIGURE 1.2. Artist’s depiction of Palaeolithic dwelling at cave formations in the Dordogne region where the Abri Blanchard bone was

    discovered.


  




  The Abri Blanchard bone fragment dates back from twelve thousand to twenty thousand years ago, a time when the planet looked very different from the relatively warm, wet globe we now

  inhabit.10 It was an era when ice covered much of the northern hemisphere. France, as experienced by the unnamed palaeoastronomer marking the moon at Abri Blanchard, was a realm of polar

  deserts, tundra and towering glaciers.11 Humans were scarce on the ground, and they struggled to endure the hostile climate. This was not the first time members of the genus Homo

  had endured climate change of this kind. Ice sheets had come and gone in the past, but something remarkable happened to Homo sapiens during the planet’s last deep freeze that would, in

  time, alter the face of the planet itself.




  Somehow the depths and deprivations of the last climatic winter drove our ancestors to make revolutionary leaps in behaviour. It was early in this period that human beings began burying their

  dead. Later they invented art and music. Clothes were soon fashioned by sewing animal pelts together.12 People began to invent systems for counting and, most important, started to codify

  the passage of time.13 It is in this period that the modern mind—with its penchant for analysis and allegory, concretizing and abstraction—emerged. Compared with earlier

  eras, the speed with which these radical changes swept through populations is startling and has led scholars to call the Upper Palaeolithic the Big Bang of consciousness.14 Any

  understanding of the inseparable narratives of cosmic and human time must begin here, with the rapid expansion of consciousness that would one day embrace the very cosmos in which it was born.




  TIME OUT OF MIND: THE ORIGINS OF MODERN CONSCIOUSNESS




  The explicit recognition and representation of nature’s repeating patterns were radical developments in hominid evolution. Thus, to understand the emergence of time in

  the mind, we must first understand the emergence of mind.




  The hominid species that came before us faced challenges similar to those facing our ancestors. From the fossil record, it appears that the earliest versions of Homo sapiens may have

  overlapped for a brief time with both Homo erectus and Homo heidelbergensis.15 It is also clear that until a mere fifteen thousand years ago we were in direct competition

  with a group of hominids who were likely also the descendents of H. heidelbergensis, Homo neanderthalensis—the Neanderthals.16 This overlap with other species, particularly

  the Neanderthals whose brains were essentially the same relative size as ours, raises a pressing question: what spurred the Big Bang of consciousness in the Palaeolithic era?17




  It wasn’t the environment that woke us up. In the long stretch of time before the Palaeolithic’s cognitive revolution, the same challenges presented themselves over and over. Ice

  sheets grew and ice sheets retreated. Early hominid species adapted by changing behaviours as the situation demanded. What was lacking, however, was rapid innovation and learning. The toolkit of

  the human species was impressive compared to that of nonhominid species: the domestication of fire, deliberately shaped stones for cutting and scraping.18 But the pace of innovation in

  the development of these tools and the mental processes likely used in their development seems positively glacial.




  The basic stone tools our ancestors used 1.5 million years ago look fairly similar to those used by their descendants a million years later. Almost no technological innovation appears over the

  course of thousands of generations.19 On the other hand, comparing the brute stone scrapers used in 100,000 BCE to the needles, harpoons, arrow points and axes developed in 20,000 BCE is

  akin to comparing a raft to a nuclear submarine.




  There are many competing theories for the rapid origin of the modern human mind. One of the most fruitful lines of research comes from evolutionary psychologists who, in the 1980s and 1990s,

  began thinking of the prehistoric mind as a kind of Swiss Army knife. From this perspective the mind is remarkably complex and does many highly specialized tasks that it can only have developed in

  response to very specific evolutionary pressures. Researchers Leda Cosmides and John Tooby have each argued that, like a Swiss Army knife, the mind has different blades—that is, different

  cognitive modules.20 Each module adapted in response to specific challenges our hunter-gatherer ancestors faced 100,000 years ago. These modules come with their own data and instruction

  sets—they are content-rich. A Homo sapien child born fifty thousand years ago (or fifty years ago, for that matter) already had modules for hunting, social interactions, tool building

  and so on. Thus, each module comes hardwired with a considerable storehouse of data.




  There are compelling arguments supporting this claim. When a tiger leaps towards you from behind a rock, a mind built like a generalized computer sorting through all possible responses may not

  be the optimal evolutionary setup. A brain built like a Swiss Army knife, however, might very well provide the evolutionary adaptation to keep you alive. Given the notorious speed of hungry tigers,

  a Swiss Army knife mind with preloaded modules governing tiger recognition and the run-like-hell response would appear, on the face of things, to be a more successful evolutionary

  strategy.21




  There is also compelling evidence for this type of hardwiring. According to some lines of research, we appear to be born with at least four distinct domains of intuitive knowledge. These

  content-rich modules govern language, human psychology, biology and physics. In each of these domains there is evidence that humans evolved with an internal guidebook of understanding, a degree of

  hardwiring imprinted by evolution, to help us deal quickly with communication, social interactions, the living environment and the behaviour of the material world.




  Experiences of secondary school science lessons may convince many people that they have no intuitive understanding of physics. Psychologist Elizabeth Spelke would disagree. Along with

  researchers such as Renée Baillargeon and others, Spelke has explored the notion of a preexisting “folk physics” innate to us all. Spelke has shown that even very young children

  have a clear understanding of the behaviour of physical objects.22 Though children’s lives are built around (and depend on) interactions with other people, they can clearly

  distinguish the properties of people, other living things and inanimate objects. Most important, children seem to be born with concepts of solidity, gravity and inertia. From an evolutionary

  perspective, intuitive physics makes sense. From the flight of a projectile to the impact of two stones against each other, an intuitive grasp of physics serves as cognitive bedrock for learned

  skills such as tool making and weapon use.




  While the Swiss Army knife story of the mind’s evolution is powerfully suggestive, it is likely not the whole story. Archaeologist Steven Mithen has argued that the

  “architecture” of the mind—its specific cognitive structure—had to evolve in specific ways to drive the Big Bang of consciousness. In particular, Mithen sees the ability to

  move information between modules as the innovation that led to the modern mind and the all-important capacity for culturally invented time. Moving information between modules allows for metaphor

  and analogy, which are the essence of human creativity. When information is shared between modules, a lump of clay that is roughly in the shape of a human form becomes the spirit of a departed

  ancestor, some coloured fluid splashed on a wall becomes a symbol for a bull felled in a fierce hunt, and markings engraved on a bone become a record of the moon’s phases.




  Mithen likens the developing mind to a building with different rooms, each housing a different cognitive module. The story of the mind’s evolution is a narrative of reworking its

  architecture. Only when the architectural plan of the human mind changed by removing walls between isolated modules could the rapid evolution of consciousness and culture begin. As Mithen puts it,

  “In the [modern] mental architecture thoughts and knowledge generated by specialized intelligence can now flow freely around the mind . . . when thoughts originating in different domains can

  engage together, the result is an almost limitless capacity for imagination.”23




  This new architecture of mind did not, of course, emerge on its own. The fact that evolution instilled in us an intuitive physics means that one cannot ignore the physical aspect of the

  developing mind. If, as Mithen imagines, channels are opened between modules to create culture, then there must also exist feedback loops where encounters with the world’s physical reality

  through culture amplify the opening of those channels. What we did with the “stuff” of the world that we found and shaped for our own uses—bone, wood and reed—changed what

  we could do and what we could imagine. The mind that would eventually come to imagine and organize time was a product of the looped interaction between the physical world it encountered, the

  physical culture it created and the symbolic culture it imagined linking the two.




  It begins with the reindeer bone in one hand and the flint in the other—the bone’s solidity in the palm, the rough feel of its edges on the fingers, the sharp bite of the

  flint’s point on the thumb. Then it rises in the mind to the realm of the symbolic—carved notches on the bone fragment become a representation for shared experience that can be shown to

  others in the tribe. The leap between physical object and cultural creation—the idea of the bone and its markings as a symbolic notation of time’s passage—closes the loop.




  What began millennia ago continues today: the circulation between a physical encounter with the world, the cultural forms engendered by that encounter and the shape of consciousness determining

  how we think and what we experience. The evolutionary modules with their hardwired understanding of physics were a starting point. But what happened in the Neolithic was a braided process flowing

  between the outside world and the interior response. We can call this poorly understood but essential connection between the physical world and cultural invention enigmatic entanglement.

  Through this enigmatic entanglement, a remarkable dialogue between mind and matter was begun—forever linking cosmic and human time together.




  CYCLES IN THE SKY: THE RAW MATERIAL OF TIME




  Human life is set against the natural rhythms of the sky. These celestial changes are the raw material of time. In the braided history of cosmological and cultural time there

  are four cycles most important to our development: the day, the month, the year and the periodic motion of planets.




  – The Day –




  The most fundamental astronomical period we experience is day’s journey into night and back again. Deeply imprinted in our biology as our circadian rhythms, the

  day/night, light/dark cycle sets the ebb and flow of our sleep and wakefulness.24




  Concerning the day, we must recognize one vital point in order for our social history of time to make sense: the day’s length varies. The sun spends more time above the horizon during the

  summer than it does during the winter. There is more daylight—more time to work—in summer than in winter. Thus, the natural experience of the day, and the unnatural attempts to slice it

  up into precise divisions, runs into a conflict: what is one to do with the difference between the length of a summer day and that of a winter day? This conflict would eventually pit the facts of

  astronomy against the needs of culture. Should the day’s divisions be of fixed length or should they expand and contract with the season? This question is of no small importance if, for

  example, you are a guildsman paid a wage that depends on accountings of the day’s length. As we shall see, the astronomical/cosmological recognition of the day as a by-product of a spinning

  Earth emerged during a long transition. It is no accident that this transition accompanied the increasing economic need for an accurately metered day.




  – The Month –




  The next cycle imposed upon us by nature is the motion of the moon. The lunar cycle has two distinct aspects: a variable position in the sky (where you see the moon relative to

  the sun each day) and changes in its appearance (its phase). The synodic month, as the astronomers call it, begins with the phase called the new moon, which occurs when the moon crosses the sun in

  the sky. The synodic month lasts approximately 29.5 days.25 Since the moon shines only with reflected sunlight, a new moon is a virtually invisible moon. But as the days pass, the moon

  moves eastward in its orbit (relative to the sun’s position at noon) and we see the moon’s transformation from the sickle-shaped waxing crescent phase to the familiar D of the first

  quarter moon and then on to the full moon, the third-quarter moon and finally the waning crescent.




  Next to the day, the cycle of lunar phases defining the month is our most obvious and visceral experience of celestial time. “Many moons” was the preferred means of time reckoning

  for hunter-gathering cultures. Most early cultures kept lunar rather than solar calendars. Thus it was the round of the moon’s phases repeating themselves after approximately twelve or so

  cycles that defined a year. The moon provides an easily recognized measure of time cycles short enough to count but long enough to measure durations stretching across many days. It is a great loss

  to us moderns, with our skies lit up by electric light, that we rarely notice the moon and its passage through a cycle of phases.




  – The Year –




  The yearly cycle of the sun—or seasons—is the longest repeating period imposed by the heavens that most people experience in a single life.




  Few of us are as intimate with the yearly changes in the sun’s position as we are with the daily solar turn of night into day. We may not pay close attention to those annual shifts, but we

  all feel the effect of the sun’s motion in the sky through the change of seasons. Everyone living in temperate climates knows the feeling of the sun beating down at noon on a summer’s

  day or of the feeble heat of the winter sun hanging low in the sky. Both experiences are unconscious measurements of the sun’s movement through the sky over the course of a year. On its daily

  journey, the sun climbs higher into the sky during the summer than in winter. Here, “higher” means closer to directly overhead, a point astronomers call the zenith.




  The sun’s daily arc takes it from rising in the east to setting in the west. The changing height of the sun at noontime over the course of a year actually reflects a change in where it

  appears to rise and set on the horizon (though of course it is the Earth’s turning that creates this effect). Most of us are far too removed from the experience of the natural world to notice

  where on the horizon the sun rises and sets. Our ancestors, however, couldn’t help but notice. Beginning in the depths of winter they watched morning after morning—the sun rising

  progressively further north on the horizon as the days passed. Then in the middle of summer the steady northward march of solar risings (and settings) would stop and reverse itself. The sun’s

  rising begins moving further towards the south on the horizon line until it reached a southern extreme and repeated the cycle once again.




  The seasons, the length of day and the strength of the sun’s warmth are all tied to this yearly cycle. The year’s shortest day (December 21 in the northern hemisphere) occurs when

  the sun rises at its southernmost point on the horizon; this is the winter solstice. The longest day comes when the sun is at its northernmost rising, called the summer solstice (June 21 on our

  modern calendars). The spring and autumn equinoxes (March and September 21) mark days of equal length.




  The yearly cycle of long days turning to short days, warm months turning to cold months and growing seasons turning to seasons of decay has been the pulse of human life since we were

  hunter-gatherers. The direct connection between this lived, embodied experience of repeating celestial patterns made time and the sky intimate partners. But it was not only the sun that mattered;

  the stars themselves acted as the original cosmic metronome.




  Like a child being turned outward on a merry-go-round, we humans get a different view of the night sky in winter, spring, summer and autumn as the Earth wheels around the sun in its orbit. The

  constellations we can see each night change with the seasons. By the era of the Greeks at least the ancients had mapped out the positions of the fixed stars on the starry sphere. They were clever

  enough to imagine the noontime sun set against that background of stars even if those stars were blotted out by sunlight during the day. In this way they knew the sun was tracking a path against

  those stars in a line called the ecliptic. They saw that the sun, the moon and even the wandering planets stayed close to the ecliptic as they moved across the sky. The twelve distinct

  constellations the sun passed through in its motion along the ecliptic were called the zodiac. The movement of sun, moon and planets against the fixed pattern of stars, along the ecliptic, was a

  cosmic dance that anyone could see before artificial light stole the night from us.




  – The Periodic Motion of the Planets –




  The final celestial period imposed on us is one that few other than astronomers would notice today. Each of the five visible planets (Mercury, Venus, Mars, Jupiter, Saturn)

  makes a slow march along to the ecliptic and against the background of fixed stars. Night after night each planet moves slowly through the constellations, speeding up and slowing down at different

  times in the year and for different durations. Each planet also steadily brightens and then steadily dims as it completes its motion against the stars. Strangest of all, each planet executes a loop

  in the sky—called retrograde motion—halting its usual eastward march in a short pirouette that takes on the order of a few months to complete.




  FALLING INTO TIME: THE PALAEOLITHIC COSMOS




  The daily turn of night to day, the monthly cycle of lunar phases, the yearly journey of the sun through the zodiac and, finally, the strange wanderings of the

  planets—each of these celestial dance steps formed a raw physical encounter with time. It was seen on the sky and felt in the seasonal changes of warmth and cold. It is from this most basic

  experience that humans built their stories of the cosmos, its origin in time and its meaning for their lives.




  The world we inhabit today makes a clean separation between time in our daily experience and the scientifically defined time of our cosmology. No one today connects her 12:15 appointment at the

  dentist to the fractions of a second in which Big Bang cosmology plays out. Daily time is lived through the digital time on mobile phones and our electronic calendars. Cosmological time is the

  domain of scientists, observatories and university graduate study. This separation, however, is an illusion.




  The arc of cultural evolution has hidden the binding of human time and cosmic time from us, but in the Palaeolithic world the separation never existed. The cosmos of our Palaeolithic ancestors

  was of a whole, and that included time. The hunter-gatherer peoples of the Neolithic knew their place in the world, for they had yet to fully distinguish themselves from that world or its movement

  through time.




  Our understanding of the Palaeolithic cosmos (and cosmology) relies on an understanding of myth. Myth, in this essential context, does not mean a false story (as in the urban myth of an old lady

  drying her poodle in a microwave oven). Myth, in the domains of cosmology, is far more essential and powerful. Every culture has its mythology, its potent narratives of origins and endings. To

  follow the roots of modern cosmological theorizing back in time to the imaginative territories of prehistory we must turn to the universe of myth, for within it we will find the first responses to

  the mystery linking time and being.




  Myth came before all our forms of religion and before the practice of science.26 Its function was to recount “sacred” stories that set human beings into their proper

  context within the universe. In myth the experience of the world as sacred was codified into stories so old that they embrace the origins of both religion and science. As the great scholar

  of religion Mircea Eliade put it: “Through myth, the World can be apprehended as a perfectly articulated, intelligible, and significant Cosmos.”27 Thus it is through myth

  that the cosmos of prehistory becomes apparent.




  Since our Palaeolithic ancestors left no written records of their cosmological myths, archaeologists must piece together their worldview from other materials. One important source is the

  repository of mythological narratives transcribed many millennia later, once writing was invented around 3000 BCE.28 These stories contain traces of the cosmological narratives of

  prehistory. The mythologies of existing hunter-gatherers, such as the Aboriginal people of Australia or the Inuit peoples of the Arctic, provide their own insights.29 From these sources

  a clear picture emerges of a cosmology that is dominated by ideas of a time without time, and the separation of elements once joined.




  The world of the hunter-gatherer does not split cleanly between man and animal, culture and nature. Instead those paired worlds remain integrated. The Mbuti people of Zaire, for example,

  identify the forest they inhabit as a person. It is not “the environment” but another sentient being, a giving parent or trusted kin.30 The Inuit of Greenland take a similar

  position with respect to the animals they hunt. The polar bear is not simply a lower animal but is, instead, a member of the tribe. Once it has been successfully hunted and killed it must be

  treated with the same respect as any other deceased member of the society.31




  Just as the separation of man and nature does not exist for modern hunter-gatherers, it likely did not exist in the Palaeolithic. As anthropologist Tim Ingold has written, “For modern

  hunter-gatherers there are not two worlds of persons (society) and things (nature) but just one—one environment—saturated with personal powers and embracing both human beings and the

  plants and animals on which they depend, and the landscape in which they live and move.”32




  This seamless continuity between humans and their environment is also reflected in their conceptions of time and cosmos. The link, however, comes with a twist. Palaeolithic narratives of

  creation reflect the recognition that an immutable separation was imposed on humanity when we awakened in the Big Bang of consciousness. Thus hunter-gatherer myths will often speak of a lost

  paradise. In the “before” humans were immortal and lived in an ongoing balance with the world and the divine forces that shaped it. Human and animal could speak to each other and

  transformations from animal to human form were common.




  The most important aspect of Palaeolithic cosmological myths was the Fall, which was the loss of a perfect, pre-existing harmony between humans and the nonhuman world. Somehow, the myths tell

  us, that harmony was shattered. As Karen Armstrong put it, “At the centre of the world there was a tree, a mountain or a pole linking Earth with heaven, which the people could easily climb to

  reach the realm of the gods. Then there was a catastrophe; the mountain collapsed, or the tree was cut down and it became more difficult to reach heaven.”33




  In this myth, the pre-existing Eden was a timeless place. It was complete and existed without change. People in the golden age lived either exceedingly long lives or forever. Thus the Fall was

  also the fall into time. In many myths, when the harmony was shattered, time and death entered the world together. But in these myths the golden age was not truly gone. Instead it remained as an

  archetypal, timeless state that could be—and needed to be—recovered. The Aborigines of Australia, for example, conceive of returning to the primordial cosmos in the Dreamtime. As

  Armstrong wrote, “Dreamtime . . . is timeless and ‘everywhen’. It forms a stable backdrop to everyday life, which is dominated by death, flux, the endless succession of events,

  and the cycles of seasons.”34




  The myth of the golden age and the Fall are all but universal in early human cultures.35 Like the Australian aboriginal emphasis on Dreamtime, the point of these cosmological myths

  was not to recount history; it was to recover original time. As Armstrong puts it, “Today we separate the religious from the secular. This would have been incomprehensible to the Palaeolithic

  hunters.” These myths had purpose. They “show people how they could return to this archetypal world, not only in moments of visionary rapture but in the regular duties of their daily

  lives.”36 Thus the time of origins existed not in the past, as we imagine it now in cosmology, but in this ever-present “everywhen”.37 For the hunter

  crouching low in the brush, waiting for the herd to pause, the time of creation and his experience now were never far apart. For the women filling baskets with wild grain, their actions and the

  primordial divine acts, which set the world in motion, were always closely paired.




  The daily time of Palaeolithic people was set against a cosmos that was not “out there” but rather was close by. It was a cosmos without birth or final death or linear time. It was a

  universe alive with animate and divine powers that were always present, re-energizing the world each day with the return of the sun, each month with the return of the moon to fullness and each

  season with shifts in light and warmth.




  But culture and its needs would change and the powers animating the universe would grow distant and more difficult to engage. Divine entities that were once proximate and personal slowly became

  remote and wilful. It is in this understanding that the sky was the first retreat of the divine. The development of more complex cultures led to myths of the sky as the first and distant domain of

  the divine. Armstrong notes that the sky god—a distant but powerful first cause—begins to appear in this era. She observes, “The sky towered above them [the Palaeolithic people],

  inconceivably immense, inaccessible and eternal. It was the very essence of transcendence and otherness.” The sky with its wheeling, repeating patterns was the first house of the father god,

  the original seat of divine power.38




  The Palaeolithic cosmos was a direct reflection of our first awakened experience of the daily experience of time. As hunter-gatherers, people followed the herds and watched as the seasons

  ripened the best edible plants. In the Big Bang of consciousness they had begun to watch the cycles of the world around them and from it they lifted out the idea of time. In this way time was a

  creation of culture, just as culture was a creation of the embodied mind. The enigmatic entanglement between experienced physicality and the symbolic, cultured imagination created a time that

  existed in both daily life and myth. But as the world warmed, humanity changed, and our universe would change with it. A new kind of time and a new relation to the world would emerge with the next

  great human revolution. Our focus and our consciousness would be re-created as the Earth was put to the plough.




  STAYING HOME: THE NEOLITHIC REVOLUTION




  The world would not remain locked in ice forever.




  Around twelve thousand years ago, the climate shifted, as it had countless times and countless millennia before. The planet warmed, the glaciers retreated and the Palaeolithic era

  ended.39 But unlike previous interglacial periods, something new was born with the return of climatic spring. Our species learned a fundamentally new way of being human.




  As warm seasons lengthened and the ice disappeared, some bands of hunter-gatherers invented a new way of life. They stopped following the herds into warmer pastures. They settled down and began

  domesticating themselves—switching from hunting and foraging to the deliberate cultivation of grains. They built houses that would last from one year to the next.40 They grouped

  these houses together to create villages that would endure for generations. All these changes fed upon one another and were possible because people had learned to till the land and reap its

  harvests. Cosmos and time were each, separately and together, essential facets of this revolution. In this Neolithic era (new stone age), a flowering of human creativity began. It was a time of

  profound change that would not be matched again until the age of the machine.




  The archaeologist Colin Renfrew identifies at least seven key features of the Neolithic revolution:41




  

    

      1. The development of food production through domesticated plants such as wheat, lentils, barley and flax




      2. The use of tools such as grindstones for processing these plants




      3. The domestication of animals such as sheep, goats, cattle and pigs




      4. The emergence of settled village life with permanent dwellings




      5. The appearance of ritual practices involving shrines and human representations




      6. The interment of the dead in cemeteries, sometimes featuring monumental tombs




      7. The development of long-distance procurement systems for raw materials such as obsidian


    


  




  Each of these cultural innovations required a fundamentally new way of organizing human activities, as well as a new way of imagining culture and its place in the cosmos. And, just as important,

  each one required a daily engagement with time unlike anything that had come before.




  According to some researchers the Neolithic saw the completion of a transition that had its beginnings in the Palaeolithic. In the eyes of archaeologists such as Renfrew, the artistic

  revolutions of forty thousand, thirty thousand or twenty thousand years ago were local and uneven. The astonishing cave art found in Spain and France were not universal phenomena spanning the

  entire human population. In comparison, after the great global warming, our self-domestication and adoption of agriculture rapidly swept across every continent. It was a revolution that transformed

  almost everyone, almost everywhere. Thus, the Palaeolithic might be seen as a long series of skirmishes in a cognitive revolution that found completion in the Neolithic.




  What made this final step possible? The answer, which continues to shape culture down to the modern era, is our physical embodiment. We live in the world through our bodies and their

  materiality.42 What altered the human mind was not simply the introduction of new ideas in our heads but new encounters with the world through what we built with our hands.




  Many pivotal inventions were developed in the Neolithic era: planting and harvesting technologies, the construction and deployment of grinding wheels, the mastery of metallurgy. All of these

  changes represented fundamental shifts in the way people encountered the material world. It was, literally, the act of shaping the raw stuff of the world into these inventions that enabled new ways

  of thinking and new ways of organizing human activity. This process of material engagement completed the Big Bang of consciousness and is the root cause of all the innovations and revolutions that

  followed.




  Brute facts are where material engagement begins; new ways of being human is where it ends. The early farmers of northern Europe circa 5500 BCE had surpassed the culture of their hunter-gatherer

  ancestors with new ways of handling material that superseded the natural world. Housing for hunter-gatherers, for example, had “required no more than promoting and combining the existing

  suppleness of hazel, the stringiness of willow and the sheets of birch bark that grew ready-made”.43 The timber-frame homes the new farmers built required nature “to be torn

  apart and the world built anew”.




  Changes in material engagement redefine culture by altering what are called its institutional facts. Institutional facts define the human world into which we are each born. From punch-clock jobs

  to jury duty appointments, it’s the institutional facts that define how culture organizes itself and then imposes that system onto our individual lives. But cultural organization derives its

  power in the mental realm of symbols. Thus the changes material engagement wrought meant more than just a farmer figuring out a new way to fashion a sharpened axe. These shifts in material

  engagement implied shared understandings within a community that were at once social and cognitive—in that way they drove the creation of new institutional facts. For the farming villages,

  the materials that made this new life possible were reflected in the day-to-day organization of the community. A Neolithic farmer, looking back across her tilled fields and the chores that defined

  her day, was moving through an entirely new world.




  With the advance of material engagement came new ways of experiencing time. By kneading clay with the hands, pushing iron ore around in a fire and stretching wool across a wooden frame, people

  engaged with the material world in fresh ways, and time was an integral part of this process. How long did it take for clay to be baked into pottery? How many differently timed steps were involved

  in forging an iron plough? Just as each invention made new forms of culture possible, cultural imagination also developed alongside the technology. Because time always exists at the interface

  between the physical and the imagination, it would be closely tied to material engagement and the changes it drove in culture.




  Nowhere is the effect of material engagement on institutional facts more apparent than in Neolithic megaliths such as Stonehenge. Megaliths are massive, highly structured stone works. These

  imposing stone monuments, as well as massive earthworks, are associated with prehistoric cultures across the globe. The construction of megaliths is one hallmark of the change from a

  hunter-gatherer culture to an agrarian culture. The eighty-metre-wide circular mound at Newgrange, about thirty-five miles north of Dublin, for example, appeared sometime after the advent of

  farming in Ireland. The earliest structures at Stonehenge were constructed later but were still part of England’s Neolithic agrarian past.




  The construction of these monuments required the intense and coordinated effort of many individuals to transport materials across hundreds of miles. The megalith at Newgrange, for example, is

  fronted by a quartz façade composed of stones found on beaches near the coast of Dublin, many miles away.44 At the centre of the enormous mound is a vaulted central chamber only

  accessible through a narrow twenty-five-metre-long passageway. The stone supports for this chamber and passageway also had to be dragged across many, many miles. In a similar manner, the imposing

  central blocks of Stonehenge, each weighing forty-five metric tonnes, had to be transported as much as fifteen miles, possibly from quarries at Marlborough Downs.45 Thus, the decision to

  build these megaliths demonstrates entire communities willing to dedicate time and treasure in the effort to make symbols out of stone. And in that effort time and symbol were reborn.




  The construction of Stonehenge likely required more than thirty million hours of labour. So much work that the effort must have spanned generations.46 With this new form of material

  engagement passing from father to son, mother to daughter, the construction of megaliths was itself an agent for imagining new forms of culture and time. As a direct result of building the

  megaliths, the monuments became the axis around which a new type of living community would be born.




  The megaliths rebuilt culture and time through the very process of their labour and time-consuming construction. And time was always an essential aspect of the megaliths on both a physical and

  symbolic level. On the one hand, men would be called away from the farms to scramble over tilting stone slabs or bend low in sodden holes dug into the earth. On the other hand, concerns with

  time in a mythic, cosmological context was undoubtedly a core motivation for building many of these megaliths in the first place.
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    FIGURE 1.3. The Neolithic megalith at Stonehenge. (Top) Each upright stone weighs seventy-two tonnes. Stonehenge’s construction

    required millions of hours of labour and, in the process, created new cultural encounters with time. (Bottom) Astronomical orientations of Stonehenge. Each arrow shows an alignment between

    stone placements and a repeating celestial pattern. The long arrow (A) shows alignment with the northernmost extension of the sun’s position on the horizon.


  


  There is ample evidence that Newgrange and Stonehenge were built to correspond to astronomical events such as the winter and summer solstices. Without a torch, the central chamber of Newgrange

  is darker than death. But for a few days each year near the winter solstice, the rising sun is perfectly aligned with the ancient passageway, allowing a shaft of sunlight to pierce the darkness.

  For these few minutes, the central chamber glows in warm ochre—a promise of the light and life to come with the approaching spring. Newgrange’s builders constructed their monument with

  its solstice-illuminated chamber for cosmic rituals whose meanings may now be lost to us but whose astronomical orientation cannot be missed. Thus this solar alignment of Newgrange’s entrance

  is one potent example of a concern with the raw facts of the sky and its movements.




  The megaliths were, however, more than prehistoric calculators. In addition to its many astronomical orientations, Stonehenge may also have been a burial site for chiefs and tribal

  elders.47 In this way ritual and religion must have been central to the symbolic demands of megalith construction. Their builders were clearly aware of cosmic time and willing to

  dedicate effort and riches in creating monuments that called to the vaulted sky and its repeating patterns.




  TIME AND AGAIN: ETERNAL RETURN AND THE NEOLITHIC COSMOLOGY




  The cosmology of a farmer did not look like that of a hunter-gatherer. The material engagement of hunter-gatherers was so fundamentally different from what people in an

  agrarian culture experienced that the very concept of a cosmos, and the symbols used to represent it, had to change in a fundamental way. The mobile hunter-gatherer lived out in the open amid the

  forest and plain, populated by free-roaming animals considered equals and cousins. The farmer accepted a tamed, sedentary life with the closed stability of a homestead roof replacing the infinite,

  dynamic arch of the night sky; for the farmer, beasts of burden were possessions and worked as slaves to the human master. Where the hunter-gatherer lived through time as an unbroken whole, the

  farmer lived within a time marked by the daily rounds of animal husbandry, home maintenance and village life. Thus time and the cosmos had to change because the ways in which people encountered the

  material world had changed.




  Looking at the change from Palaeolithic to Neolithic societies, Karen Armstrong notes that myths that cease to be useful will have to be abandoned. Thus, with the development of farming, new

  cosmologies and new conceptions of cosmic time would have to be invented.




  Agriculture was the product of analytic thought, an early kind of science. But unlike our technological revolutions, the agriculture of the Neolithic farmers was never “a purely secular

  enterprise”.48 The mythic universe of the Neolithic was a mix of new activities and a changed understanding of the wider universe that surrounded them. Farming was as much a sacred

  act in the Neolithic as hunting had been in the Palaeolithic. Crops, emerging from careful seeding and cultivation, were a new form of symbol and a new representation of time. Cultivated plants

  grew through material engagement with the Earth and its unfolding powers in time. Thus, crops were both food and divine power. Time acted as an intermediary between the concrete world of farming

  and the symbolic world of the gods. Unseen energies, manipulated through time, were the focus of new mythic narratives, as the tilled Earth became a fertile womb for the community.




  The rites, rituals and myths of the Neolithic peoples responded to the requirements of this new agricultural cosmos. The whole community came to the fields, standing together as farmers ritually

  discarded the first seeds of the year’s sowing as an offering to the divine powers that would animate the new crop’s growth. Cosmic time was manifested in the fields for these men and

  women months later when the first fruits were left to drop, recharging the hidden forces animating the agrarian cycle. Ritual sexual union sometimes preceded the planting in order to signify the

  sacred marriage of soil, seed and rain.49 In all these rituals people were tapping into vast cosmic creative powers that, like the seasons, were clearly periodic in time. The close

  observation of the world that made agriculture possible had its internal complement in the new sacred narratives of mythology.




  Awe and wonder before the sky had led humans to cosmic myths of sky gods in the previous Palaeolithic era. In the Neolithic, the Earth became central in the form of a mother goddess. Myths

  throughout the Fertile Crescent tell stories of goddesses and their connection to farming. The heroic hunter’s journey, which is so widespread in the Palaeolithic, gave way to the dangerous

  travel of the mother goddess descending into the underworld of death and returning to bring new life. These myths expressed both the recurring terrestrial bounty an agricultural people experienced

  and its devastating alternatives such as drought, famine and flood. Mythology was never a form of escape. It was an honest expression of people’s personal knowledge, and it forced them to

  face up to the reality of life in the midst of death and transition, a life given meaning in new contexts of agricultural time.




  Most important, the new myths were sensitive to the cycles of the agrarian year and its implications for conceptions of time. The yearly cycles of life and death appear, for example, in the myth

  of Demeter and Persephone, which dates back to the Neolithic era. Demeter controls the fertility of the Earth. When Hades, god of the underworld, abducts her daughter, Persephone, in her grief

  Demeter starves humankind by shutting down the growing season. Zeus is forced to rescue Persephone. But once the God-King learns that Persephone has tasted the fruit of the underworld, the girl

  cannot be allowed to return fully and must spend several months of each year with Hades. It is Demeter’s grieving during these months that is meant to explain the bareness of winter. Time,

  bound up in the seasons, is essential to this sacred narrative’s plot.50




  The great scholar of religion Mircea Eliade articulated this development in his work The Myth of Eternal Return. As social arrangements were built around agriculture, time itself was

  regenerated with each round of the year. “On the occasion of the division of time into independent units, ‘years’, we witness not only the effectual cessation of a certain

  temporal interval and the beginning of another, but also the abolition of the past year and of past time.”51




  The extended festivals of new harvests and first plantings were more than just an enactment of creation; they were, literally, the recreation of time. Costumed actors would embody the myths as a

  kind of sacred theatre in which the entire community participated. “Every new year is a resumption of time from the beginning”, said Eliade. Thus at every new year, the community

  repeated, in ritual form, the origins of the cosmos. In many agrarian cultures these rituals of time regeneration required active human participation via the death of the king. The rituals would

  require the “king” to be felled either symbolically or in actuality. Spilling the king’s blood and returning his creative energies to the Earth enabled time and the cosmos to be

  born again.




  The revolution that put the earth to the plough reshaped human consciousness and pulled us out of a time defined by now, by whatever was happening in the present. Cyclical time and cyclical

  universes, reborn anew each year, met the needs of our new ways of life and held a powerful grip on the human imagination across these long millennia. Thus in the Neolithic we see, for the first

  time, the switching of one cosmology for another. With the advent of agriculture a different cosmological time emerged, one mediated by our new material engagement with the world. This story of

  cosmos and culture enigmatically entangled through material engagement will be repeated again and again to the current day. It is still at work now as we face the end of the Big Bang and our own

  cosmological revolution.




  
 





  Chapter 2




  THE CITY, THE CYCLE AND THE EPICYCLE




  From the Urban Revolution to a Rational Universe




  BABYLON • 1560 BCE1




  He would have to hurry or all would be lost. The afternoon shadows had grown long and he was still unprepared to make observations or record them on the tablets. The sight

  of a high priest in flowing robes running through crowded city streets was bound to draw attention but he could not worry about that now.




  He was young for his advanced position, rising quickly in the order because of his skills sighting the wandering planets and his startling capacity for calculation. Many of the older priests

  had made their jealousy apparent. The king, however, favoured him. His readings of the planets had given King Ammisaduqa firm guidance in the suppression of the valley revolts. So far his place in

  the high court was secure.




  But now all was at risk. It was the king alone who had tasked him with completing the Venus tables. Records of the fair planet’s risings, relative to the sun, were the key. Those

  records, held in stone, had begun almost twenty-one years ago. But when he had reviewed the sightings of previous high priests he found ambiguities and inconsistencies that threw his astrological

  calculations into chaos, making it difficult to interpret the long-term path of Venus and what it meant for the king’s future. Without accurate observations, he could not predict the

  king’s future or the fate of his plans—such as the proposed marriage of the king’s daughter to that oaf of a Sumerian prince, which was risky in spite of the grand alliance it

  would bring.2 But if he obtained a precise sighting of the planet as it set today, he was sure it would be the key to a proper reconstruction. Then he could correct all mistakes in the

  records and prepare an accurate reading.




  He hurried past stalls and shop fronts. The market was packed with throngs of tradesmen, merchants and farmers from the valley. He struggled to push through the bustling dusty streets. Up

  ahead, he could see the imposing steps of the ziggurat rising high above the one- and two-storey mud brick buildings of the city. Quickly, quickly now. He must be in position when the white planet

  emerged above the horizon.




  FALLING INTO HISTORICAL TIME: INVENTING THE URBAN EMPIRE




  It happened at different times in different places. In the Fertile Crescent the transition to city-based empires began at least five thousand years ago.3 China made

  the shift some time later, as did the cultures of the Indus River valley on the Indian subcontinent.4 Though the timing was different, the results were always the same.




  Moving from the small farming settlements that characterized the Neolithic era, human beings began creating great cities and the extensive empires that supported them. This was the urban

  revolution and it marked a second great reorganization of human culture and human time. As power shifted to densely inhabited cities, the time that ruled human concerns and cosmic architecture

  would, once again, be re-created and re-imagined.




  For the western world—Europe, the Mediterranean and eventually the Americas—all roads in the urban revolution lead back to the Fertile Crescent and the civilizations that would grow

  in the broad plains between the Tigris and Euphrates rivers. It was in Mesopotamia that the first great cities, such as Uruk, would emerge.5 At about the same time, to the west, the

  vibrant Egyptian kingdoms sprang to life.6 With these complex urban societies, daily life would become structured in ways impossible to imagine in the smaller, more widely distributed

  villages of the Neolithic. Babylonian cities, for example, maintained populations ranging from ten thousand to fifty thousand inhabitants. To support so many people not directly involved in growing

  their own food, the pattern of human society would have to be rebuilt. Agriculture became subservient to the demands of the city, and work within the city become subservient to the demands of

  specialization. Trades for everything from leatherwork to fabric production emerged, each with its own specialized training, economic needs and political interests.
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    FIGURE 2.1. Life and time in the urban revolution: the Standard of Ur’s “Peace Side.” While the purpose of the Standard of

    Ur is unknown, it offers a beautifully stylized depiction of ancient Babylonian life.


  




  These changes in consciousness created by the urban revolution moved material engagement to its next level. People began to think in more sophisticated symbols. The growth of cultural complexity

  (and the cosmological complexity it would allow) depended on the ability of people to store information externally as well as internally in individual memory. Thus began the development of written

  language and written records. In the evolution of human culture and its approach to time, writing was the most critical result of the urban revolution.




  The history of written language is closely woven into the history of time and economic necessity. Around 4000 BCE, in the ancient cities of Sumer, people began to use tokens in economic

  transactions.7 These tokens were small, flattened clay forms (around the size of coins) and at first were used to represent something like a day’s work or a basket of

  wheat.8 Sumerians soon realized, however, that the tokens could represent any kind of time or material. Archaeologists have found hoards of the tokens in Sumerian grain houses. As

  Sumerian civilization became more complex and sophisticated, the number and type of tokens grew.




  Keeping track of these tokens—all of different forms—became a burden for Sumerian merchants, and they were eventually bundled and stored in clay wrappers. Markings pressed into the

  wrappers before they were fired and hardened allowed the Sumerians to keep track of the number and type of tokens enclosed. As generations progressed, however, the system evolved, and the imprinted

  markings came to replace the tokens as symbols of time and quantity. Why use cumbersome tokens to remember how many bushels of wheat or days of labour you were owed when you could just look at the

  markings on the clay wrapper? In this way, the wrappers became the prototype for the clay tablets on which cuneiform—the first true writing system—would emerge.9




  From these origins it appears that writing and the use of time for economic gain were intimately connected in the new city-states of Mesopotamia. In Egypt (and thousands of years later in

  Mesoamerica), a similar story would play out as the origins of writing were linked directly to time via the political necessities of recording dynastic lineages or historical

  events.10




  While the invention of true systems of writing was a gradual process, their emergence represented the increasingly sophisticated relationship between the realm of the material and the realm of

  the symbolic. This rising complexity would have direct consequences for the forms of both human and cosmic time. Once again material engagement with the world would serve as the source of cultural

  and cognitive innovation. One critical domain illustrates this innovation during the urban revolution: the creation of measurement standards.




  Developing a system of measurement requires a highly focused form of material engagement. Physical objects must be abstracted. They must rise above their individual identities and serve as an

  objective standard of their own properties. If that sounds slightly confusing, it should. To turn a particular stone into a universal unit of measure requires an abstraction that is remarkably

  subtle. So nuanced is the idea of a “unit of measure” that its development alone signified a radical shift in human thinking.
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