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To Elisa, Benjamin, and Emma


As above, so below.




Teach me your mood, O patient stars!


Who climb each night the ancient sky,


Leaving on space no shade, no scars,


No trace of age, no fear to die.


—RALPH WALDO EMERSON, “Fragments on Nature and Life, Nature”
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PROLOGUE


Do you remember still the falling stars


that like swift horses through the heavens raced


and suddenly leaped across the hurdles


of our wishes—do you recall?


—Rainer Maria Rilke, “Falling Star”


THE NIGHT THAT CHANGED MY LIFE


The night that changed my life began in underwhelming circumstances.


The play had turned out to be a commedia degli errori, a slapstick piece by Eduardo de Filippo in which three men vie to cover up their affairs, get married, and avoid taking responsibility for getting each other’s fiancées pregnant. Not exactly conducive to romance, but I had two cheap student tickets, and the local theater, with its tiered seats covered in plush red velvet, felt like an upscale destination for an evening with my date.


This wasn’t our first time out together. We had taken long walks on the lakeshore, listened to the poplars murmuring, and watched their leaves cover the waters as the ducks took flight. June afternoons at the swimming pool seemed to stop the Sun at its highest point, its rays reflected by the water into her smiling green eyes. Strawberry ice creams, our bare feet dangling from a wooden jetty, had given way to hot teas and vermicelle cakes. We had been to the local English film club’s screenings and worked through the subtitles of The English Patient, Howard’s End, and Thelma and Louise. We had walked and talked, then talked some more into the autumn nights, delighting in each other’s company, our mysterious resonance like a planetary nebula awaiting the spark that will ignite a star. We were falling in love.


That November evening, wrapped in a cocoon of sideways glances, we paid scant attention to the stage, the play unfolding as if in a distant galaxy. Our hands touched over the velvet armrest, her elegant pianist’s fingers fluttering like small animals exploring new territory. We clapped dutifully when the actors bowed, a sardonic smile on her lips saying that she, like me, had no recollection of the past two hours beyond the electrical current through our fingertips. Her simple black dress contrasted with the blonde hair pinned back to highlight her delicate cheekbones.


We left with the crowd, spilling out into the deserted main square. We zigzagged through the parked cars dotting the Piazza Grande, the sound of our steps ricocheting off nineteenth-century archways, heading for the pedestrian bridge over the river.


I don’t know what compelled us to stop shortly before the bridge. Perhaps we felt that the evening was slipping away and wanted, despite the bitter cold, to hold on to our cocoon. We stood in the darkness, the murmur of the river washing away our thoughts. The night sky was moonless, the shapes of mountains like paper cutouts against a dense field of stars. We were alone, the only characters on a stage billions of years in the making.


We turned to face each other, holding hands through our thick gloves. Above her beret, the constellation Orion hovered between the inky mountains. I gently turned her by the shoulders and pointed out the outline of the giant: on his right shoulder, the orange sparkle of Betelgeuse; on his left foot, the blue glare of Rigel; and for his belt, the perfect slash of Mintaka, Alnilam, and Alnitak, from which hung a sword made of stars. Orion’s nebula adorned the sword, and from thirteen hundred light-years away, it appeared the same size and consistency as the white breath condensing before our lips.


Five thousand years ago, the Sumerians looked at these same stars and saw in them a portrait of Gilgamesh, the mythical hero who sought immortality and slayed the Great Bull of Heaven, the nearby constellation Taurus. Four thousand years ago, the Chinese called Orion’s belt Shen (the three stars). Three thousand years ago he represented Osiris for the Egyptians, who may have designed their pyramids to guide the pharaoh toward him after death. And two thousand years ago, the Greeks saw the nephew of Zeus: Orion, a peerless hunter who, according to different legends, either offended the goddess Artemis or forced his unrequited love onto the daughters of Atlas and Pleione, the Pleiades, and as a punishment died from the sting of a scorpion. Since then, Orion and Scorpio have inhabited opposite hemispheres in the sky, the giant setting as his nemesis rises.


I told my date that I saw a man holding a shield in his left, outstretched hand—actually a lion’s pelt in the Greek myth. In place of the unbreakable bronze club described by Homer—with which Orion pursues “wild beasts over the field of asphodel” in Hades—she imagined the giant in the gesture of drawing an arrow with his right hand.1 Our heads almost touched as we spoke.


All of a sudden a streak of light opened a gash in the darkness, draping the shoulders of Orion in a blazing ribbon—as if a giant brush, dipped in white-blue light, had embellished the constellation. It lasted only a second or two, but it felt as if the meteor were traveling in slow motion, so much longer was the appearance than anything else I have ever witnessed. There was no need to draw attention to it, since we were both looking in the same direction at the same time. We wouldn’t have been able to raise the alert anyway, each too surprised to speak until it was over. We just marveled as the falling star burned up and vanished, leaving no trace of its passage but wonder.


When we turned toward each other, the afterimage of the meteor was still shimmering, it seemed to me, at the bottom of her eyes. We had expressed the same silent wish at the moment it was granted.


SHAPED BY THE STARS


Decades later, I had the opportunity to look back on the meandering path on which the stars have led me.


It is customary for professors at Imperial College London, the university where I have spent most of my academic career, to give a public lecture on their subject within a year or so of their appointment. These inaugural lectures are often the occasion for the newly minted professor to reflect on the academic and personal trajectory that got them there—for me, the fulfillment of a goal twenty years in the making.


In my January 2020 inaugural lecture, I recounted how, early on in my undergraduate physics studies, I came to realize that I wasn’t cut out for observational astronomy. I had been looking forward to measuring the properties of a stellar binary system, but bad weather had scuppered our weeklong observing trip in the Swiss mountains. When the snowstorms let up a little, we looked for sunspots through the clouds instead, as nighttime observing was out of the question. “Don’t ever look at the Sun directly through the eyepiece of the telescope!” our professor warned sternly. “This is a mistake you will only make twice in your life—once for each eye!”


After shoveling a path through waist-deep snow and setting up the scope, I found myself unable to project the Sun onto a piece of cardboard for safe observation. I couldn’t correctly aim the scope at the largest astronomical object in the sky! Embarrassed and frustrated, without thinking, I did what I was told to avoid at all costs: I bent down and looked through the eyepiece to try to understand what was wrong with my pointing. A fraction of a second too late I realized my mistake. I knew that blinding could be almost instantaneous and painless. I straightened up in panic and blinked. My eyesight had been saved by my ineptitude: the lens cap had been on the whole time.


Leaving behind observational astronomy, I pursued a PhD in theoretical cosmology. If physics was the science of the fundamental workings of nature, nothing was grander than the whole universe. It wasn’t the stars, or the galaxies, or the galaxy clusters that hooked me. It was a simpler, earlier, smoother universe: the cosmos as it was before stars were born, before galaxies were formed, before the building blocks of life came into existence. It was the universe as it emerged from the Big Bang itself, the primordial explosion that marks the beginning of time and of the expanding cosmos as we know it.


I was never a pure-bred theorist. I lacked the mathematical virtuosity of fellow graduate students who were at home in eleven dimensions of space-time. But I came of age, scientifically, when cosmology was becoming a precision science. New, detailed measurements of the cosmic microwave background (the afterglow of the Big Bang), the distribution of galaxies, and the explosion of stars were coming in thick and fast, carrying information on the age of the universe, the recent acceleration in its expansion, the properties of dark matter, and many more aspects of the fundamental nature of reality. Bigger, faster telescopes equipped with then new digital technology were seeing ever farther. Almost overnight, cosmology went from data starved to data driven, and the urgent question was how to extract scientific knowledge from this Niagara of numbers. My career became one of looking at the cosmos through a shower of digits on a computer screen rather than one of freezing nights in a dark dome.


As I prepared my lecture, I had hardly looked through a telescope since the dismal failure of my solar observations. With the benefit of hindsight, however, I began to realize just how much the stars had shaped my life. I was part of a community of scientists intent on revealing the fundamental nature of the cosmos. We were using instruments whose lineage stems from a wooden tube with hand-ground lenses made by Galileo Galilei in 1610. Our thinking had been molded by Isaac Newton, who pried his law of universal gravitation from the motion of comets, then reshaped by Albert Einstein, who, aged sixteen, had his first inklings of relativity by imagining riding a beam of starlight through space.2 Astronomical problems had even directly inspired many of our mathematical tools.


My field of academic endeavor was perched on an edifice built out of thousands of years of human curiosity. “Since men walked the Earth, the sky had admirers,”3 wrote Italian poet Giacomo Leopardi. In time, those same admirers would become the natural philosophers of the Scientific Revolution first and then the space engineers driving NASA’s rovers on Mars today.


The stars had also done more for me than trace my path to academia. As my lecture ended, my children ran from the audience and hugged me. Misty-eyed, I took the bunch of white lilacs they offered me, and squeezing them tight, I lifted my gaze onto the public.


A cloud of white hair, carefully combed back, adorned an old man sitting in the front row. My dad clapped slowly, deliberately, his hands still powerful after a lifetime of manual work. Next to him, his daughter-in-law whispered something in his ear that made him smile. When she turned to face me again, her green eyes flashed with the memory of the meteor trail that had brought us together so long ago. I nodded to my wife, the mother of my children, and knew that nothing would have been the same in my life in a world without stars.


THE MIDWIFE OF SCIENCE


What do we owe the stars? They had silently guided my own life. Just how much, I wondered, had they steered the course of humanity?


Science was my natural starting point. The questions driving my own research—What is the universe made of? How did it emerge from the Big Bang? What will its ultimate destiny be?—are the tip of a branch that can be traced back all the way down the tree of modern science to its mighty base, when Newton affirmed that all that circled above obeys the same intelligible laws as what lies below. “The stars could not be cajoled or perverted,” writes historian of science Lewis Mumford. “Their courses were visible to the naked eye and could be followed by any patient observer.”4 Astronomy was, so to speak, the midwife to all the sciences, with physics, geology, chemistry, and biology successively illuminating a universe subject to comprehensible laws.


With the notion of nature as law-abiding came the ambition to bend it to our will: no longer supplicants, cowering from capricious sky gods, we became masters, reshaping the Earth, defeating diseases, and riding rockets through the nonexistent crystalline spheres imagined by Aristotle. But the tree of science has borne fruit both sweet and poisonous: our voracity is today threatening the stability of nature on the planet, and, having brought the atomic fire that powers the stars down to Earth, we are prepared to unleash it with the flick of a finger. We are mightier than Zeus, fiercer than Ares, and fickle as any of the old gods. The heavens have bestowed on us the means to fulfill our wildest dreams, but also to bring forth our own destruction.


Clearly, the stars have a great deal to answer for.


The influence of the stars on human history did not begin with the Scientific Revolution. Its roots extend far deeper than that era’s springboard into technological modernity, into the dark, fertile loam of myth and religion, and eventually into prehistory. The question of the origin of the world, and of our place within it, has preoccupied humankind since well before we had spaceborne microwave detectors capable of revealing the faint whisper of the Big Bang.


The procession of the stars, the reappearance of the morning Sun, the cyclical phases of the Moon, the bright light of the “wanderers”—the ancient Greek meaning of the word planets—became in every culture self-evident expressions of higher powers that ruled the cosmos from above the clouds, unreachable, eternal, and all-mighty. “The regions above man’s reach, the starry places, are invested with the divine majesty of the transcendent, of absolute reality, of everlastingness,” writes historian of religion Mircea Eliade.5 Tellingly, the ancient Greek word kosmos means both “order” and “ornament”—hence our words cosmology (the study of the orderly beauty of the universe) and cosmetology (the orderly ornamenting and beautifying of face, hair, and skin).


Ancient gods could hide in the thunder, haunt the forest, surge with the foam of the sea, ride with the wind, or take the shape of a bull. But the highest gods ruled over the sky, reigning over the cosmos from their celestial seat. Zeus, the king of the Olympians, took his name from an older, Sanskrit root word meaning “to shine,” “day,” and “sky”; the Romans called him Jupiter, from the Sanskrit Dyaus pitar, “Father sky.” “Heavens” in both Hebrew (shamyim) and Greek (ouranos) also means “sky”—the place where, according to Christian theology, God resides: “Our Father who art in heaven.” From one end of the world to the other, across millennia, impressed in clay tablets as cuneiform script, gilded inside pharaohs’ tombs, or painted on leather in Aztec manuscripts, sky and god became almost synonyms. The Finns called their supreme sky being Jumala; the Sumerians, An; the Iroquois, Oke. The most powerful of the gods was called Wakan by the Sioux, Tengri by the Mongols, and Mawy by the Ewe peoples of Togo. The names differ, but the sentiment is the same, as expressed by a member of the Ewe tribe: “I have always looked up to the visible sky as to God. When I spoke of God, I spoke of the sky, and when I spoke of the sky, I thought of God.”6


From on high, the sky gods could see everything and therefore know everything—like the Great Spirit Father of the aborigines of New South Wales or the Egyptian god falcon Horus, who surveyed the world with his two eyes, the Sun and the Moon. Thousands of years later, we still raise our eyes to the sky in despair and lift our arms in a sign of victory. In the final scene of The Truman Show, the all-powerful director who for decades controlled the life of the protagonist, a man unknowingly trapped since birth on the gigantic set of a television show, booms from the fake sky like a contemporary demigod. To this day, Navajo shamans use rituals and altered states of consciousness to ascend to the sky, where they are put in direct contact with the divine. Above the nine spheres of Heaven, Dante Alighieri informs us in The Divine Comedy, is the Empyrean, where the poet at the end of his journey comes face-to-face with God, “the Love which moves the sun and the other stars.”7


Is it then a wonder that the ancients scrutinized the stars when nothing less than the will of the gods was at stake? That they put so much effort into predicting their movements, on which the destinies of kings rested? That they were terrified when the order of the universe was subverted as day turned into night during a total solar eclipse—that word derived from the Greek for “abandonment”?


The practice of astrology stemmed from the belief that what happened in the sky had a direct influence on the lives of human beings on Earth, as we shall see in Chapter 9. Astrology pushed Sumerian priests, Egyptian hour-watchers, and Chinese mandarins to keep detailed records of notable heavenly events. And the interest in astrology of pharaohs, kings, and emperors created a caste of men dedicated to studying the stars—the precursors of today’s scientists. Thanks to astrology, Tycho Brahe built and ran the first professional research observatory in history, whose data fed Johannes Kepler’s calculations of the motion of Mars.


What had started as a personal reflection on my path in life became an exploration of questions I had never considered, revealing connections I never suspected. As I followed bifurcating roots deeper into the past, I found only more connections to modern cosmology. Stars and planets spurred the invention of mathematics; the Moon, that of the calendar. And could it be that paying attention to the heavens was the secret weapon that gave Homo sapiens supremacy over the Neanderthals fifty thousand years ago?


Colleagues looking for life on planets around other stars described the wildly different conditions that might reign there: planets with multiple suns, planets in permanent twilight, planets wrapped in never-parting clouds. Planets, in other words, where stars would not be visible to any lifeforms that might evolve there. As I followed seminar after lecture on these fantastical alt-Earths, I also wondered, What if our destiny had been to never see the stars?


This idea of a world without stars began to haunt me. Insofar as my gaze could travel, the heavens appeared to have touched much more than just physics or just science. How diminished would we be, I wondered, without the poetry, music, and artwork the heavens have inspired? What would spirituality be like without our sky gods? How different would our legends, our great novels, our conceptions of the universe be—how different our very selves—in a world without stars?


Almost thirty centuries ago, the blind bard Homer imagined what the lack of stars would inflict upon humanity. His hero Odysseus, upon leaving the island of the sorceress Circe after a year of lust and luxury, sails northwest beyond the confines of the known world, where he reaches the “deep-flowing Oceanus, that bounds the Earth.” On these far-flung shores, Circe has told him, the diaphragm separating us from the underworld runs thin: with libations and sacrifices, Odysseus can lure the spirits of the dead out of Hades and enlist their help to return to his home island of Ithaca.


Homer describes this liminal place poised between worlds as “the land and city of the Cimmerians,” a mythical people probably inspired by the inhabitants of the shores of the Black Sea, in present-day Crimea, a region infamous among the Greeks for its foggy, cold, and inhospitable weather.8 For this reason Homer, used to the blue sea and clear skies of the Mediterranean, calls the Cimmerians “wretched mortals,” for their land is forever “wrapped in mist and cloud. Never does the bright sun look down on them with his rays either when he mounts the starry heaven or when he turns again to earth from heaven, but baneful night is spread over [them].”9


“Wrapped in mist and clouds,” without ever seeing the Sun or the stars, the Cimmerians are only semihuman, a step removed from becoming dead themselves, like the spirits who visit Odysseus, attracted by his offerings.


I began to suspect that the same would be true of humanity as a whole, had we been fated never to see the stars.
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A PALE BLUE DOT


Think how diminished humanity would be if, under heavens constantly overclouded, as Jupiter’s must be, it had forever remained ignorant of the stars. Do you think that in such a world we should be what we are?


—HENRI POINCARÉ, The Value of Science


A POSTCARD FROM OUTER SPACE


On Valentine’s Day 1990, the Voyager 1 spacecraft received an unusual command from NASA’s Deep Space Network. Twenty-three years earlier the space probe had been launched on a trajectory past Jupiter and Saturn, and in three years it had revolutionized our understanding of the gas giants and their moons with detailed images and other data. Its mission accomplished, Voyager 1 was fated to continue its solitary journey outward, sniffing around interplanetary space for another five years or so.


More than two decades later, Voyager 1 had surpassed everybody’s expectations. From the far reaches of the solar system, it was still calling home.


The command was the brainchild of astronomer and author Carl Sagan, and it took six requests and eight years before NASA was convinced to use Voyager 1’s delicate cameras for something other than science. By the time it received NASA’s peculiar instructions, Voyager 1 had passed the orbit of Neptune and was receding into deep space at the rate of five hundred million kilometers per year. The probe was to silently turn around, power its cameras back up ten years after they had been last used, and point them back toward home. Panning and pointing, our distant sentinel searched the darkness to tease out six barely visible dots, creating a unique portrait of six of the eight planets that make up our cosmic family around the Sun. (Mercury is missing as it was too close to the Sun to be visible, while Mars turned out to be too dim.)


It is one of the most iconic images in space exploration. Seen from the cosmic vantage point of Voyager 1, our beautiful planet is nothing but a speck of dust, a moth floating in a beam of sunshine. “Look again at that dot. That’s here. That’s home. That’s us. On it everyone you love, everyone you know, everyone you ever heard of, every human being who ever was, lived out their lives,” wrote Sagan, underscoring the importance of taking care of that pale blue dot, the only place in the universe we can call home.1


With its brief career as travel photographer over, Voyager 1 switched off its cameras to conserve its dwindling energy for the journey ahead. It is today the farthest man-made object in the universe, having left the fuzzy confines of our solar system in 2012. Over four decades after it left Earth, the spacecraft is still sending back data. It will not encounter another star for forty thousand more years, by which time its creators might well have been long forgotten.


DOWN THE PIT OF HISTORY


How did a biped life form, which only the blink of an eye ago scuttered in caves, manage to send a spacecraft the size of a compact car to take a picture of their home planet from six billion kilometers away? How did lifeless molecules click together just so to jump from stolid matter to the quivering thing we call life in the oceans of a primitive Earth? How did gravity assemble and ignite our life-giving star, the Sun, out of a swirling cloud of gas five billion years ago? How did the universe come into being, creating space, time, particles, and light out of nothing, just shy of fourteen billion years ago? To understand humankind’s cosmic condition, we must retrace the story of the world all the way to the beginning.


Insights from theoretical physics, astronomy, evolutionary biology, chemistry, paleontology, anthropology, and neuroscience combine to reveal how the atoms in your body became capable of understanding these words. As in a pointillist painting by Georges Seurat, only from a distance does the picture emerge as a whole—if one looks closely, it explodes in a myriad of discrete disciplines. But to gain perspective, we must first shrink the cosmic timeline down to a scale we can comprehend.


On average, a human life lasts today in Western countries around four thousand weeks. A week is a useful chunk of time, as we all have a good grasp of such a time span. We can each picture a year as a collection of fifty-two weeks, and even four thousand of them is a relatively small number, within reach of our intuition. Let us now squeeze a whole week into a millisecond: seven nights of sleep, seven breakfasts, seven lunches and seven dinners, five working days, maybe an evening out on Saturday night, a restful Sunday, all compressed into just a thousandth of a second. A millisecond is too short for us to have a direct grasp of its duration: even the proverbial “blink of an eye” takes a ponderous three hundred of them. But we can just about imagine a millisecond as the time it takes for our car to cover three centimeters as we speed down the highway.


If a whole week is packed into a millisecond, then an average life flickers out in just over four seconds. On this compressed timeline, human civilization has blossomed for about nine minutes. Homo sapiens strutted onstage an hour and a half ago. Life on Earth sprouted six and a half years ago, and the universe came into being twenty-two and a half years ago.


Let us take one last glance around us, admiring the bright light of twenty-first-century Earth, before embarking on a journey of discovery down the pit of our past. We step over the edge, and our grasp is secure at first: the written record of civilization easily takes us back to classical antiquity (one hundred seconds ago in our timescale) and, with some more difficulty, to Babylonian times (another one hundred seconds deeper into our past). As we descend further, the light of writing disappears and is replaced by the fainter trace of artifacts, stone tools, fossilized bones, and cave paintings. We are now in the realm of the paleontologist, whose chisel and brushes are replaced by DNA sequencing and microscopes, rock hammers and core drills as, one and a half hours into our descent, we enter the province of the evolutionary biologist and then that of the geologist.


On our compressed timeline, we are vertiginously sliding toward the beginning of life on Earth. We pick up speed, as three days down the human shape blurs into that of a great ape; sloths the size of kangaroos and armored armadillos larger than hippos blink into view, before birds lose their feathers as they morph back into dinosaurs while sharks swim on unchanged. At this depth into our past, entire days on our timeline—corresponding to millions of years of real time—go by as life on our planet soldiers on, eon after eon: glaciers grow and shrink, and countless beings have a try at the lottery of life, competing in the ruthless race of evolution. At times a catastrophic change tilts the course of life, like the asteroid that wipes out the dinosaurs forty days down our timeline and opens the way for warm-blooded mammals. Occasionally a variation blossoms with long-lasting ramifications. Flowering plants first appear some eighty days down and, with them, a new ecosystem of insects, birds, fruits, and grassland that will, in time, feed humankind.


As we slide yet deeper into Earth’s past, we notice the climate changing: ice ages come and go, sea levels rise, continents move and merge into a single landmass called Pangaea, and the atmosphere becomes unbreathable, as we dip before the evolution of oxygen-producing blue-green algae. Six and a half years down, a profound change: the slimy scum we call “life,” simple cells capable of controlling their own chemical environment and having chanced onto the magic trick of reproduction, vanish. We abandon the biologist’s stomping ground and enter the domain of the planetary scientist, in which the Earth is a molten ball of lava and the Moon might have been lopped off by a giant impact with another protoplanet. And down we go.


Some seven and a half years down into the pit, the chief instruments that illuminate our way are physics and computer simulation. We sense around us the solar system forming from a swirling cloud of gas, the Sun ignited by gravity as it collapses into itself. As we widen our gaze, the astrophysicist now leads the way, as billions of years of real time, each compressed to one and a half years on our timeline, tumble away. We ignore dark energy and its mysterious repulsive force that speeds up cosmic expansion some ten years down the timeline—cosmologists are still puzzling this one out. Eons peel away, and we cannot stop: we are almost twenty years in, and the Milky Way, our galaxy, is beginning to form, helped along by dark matter, as young blue stars blaze with heavy elements recycled after the death of earlier, more massive ancestors.


Toward the very bottom of the well of history, the Big Bang lurks—whether a soft or a hard boundary we don’t know. Here, the theoretical physicist and the cosmologist join forces to push further back the veil of darkness. The leftover light from the Big Bang glows faintly a mere five and a half hours from the bottom, the last solid rung in our descent. Farther down, further back in time, our view becomes fuzzier, our grasp of reality uncertain. Particle physicists discern clearly the formation of helium and hydrogen in the primordial furnace; they glimpse three of the four fundamental forces merging earlier on; they speculate about the first infinitesimal fraction of a second; they fumble in blackness when it comes to the very beginning, unable to bring gravity together with the other three forces. The physics that has guided our path for the greatest part of the way fails us when confronted with time zero, the moment of our ultimate inception. Beyond the stars, at the beginning of time, at the origin of the universe, religion and science meet and collide in mystery.


THE SECRET INGREDIENT


To concoct the conditions for our existence, the universe needed vast quantities of time and space. After the Big Bang left one in a billion matter particles standing while all others disappeared in pure energy, the universe needed time to cool off as it expanded; time to grow minuscule wrinkles in the primordial cosmic soup of particles into galaxies, long-lived stars, and habitable planets; time to throw the dice of random variation over and over again, so that evolution could play its improbable hand. Above us, every night, is the literal record of all that time and space: a visible cosmos that is today one hundred billion light-years across, containing fifty billion galaxies, each with some three hundred billion stars, half of which may sport planets, one of which is ours. A universe that can create the complexity necessary to become conscious of itself must be billions of years old and therefore—since space is expanding—vast. Grandiosely so.


Our pale blue dot has been lucky indeed: lucky to form at the right distance from the Sun to sport liquid water; lucky to have sufficient gravity to hang on to its atmosphere; lucky to have a large Moon that helped in keeping our climate stable over time and whose strong tides encouraged life to leap from its oceanic beginnings onto the shore; lucky to have a big brother of a planet like Jupiter that acted as shepherd of asteroids, keeping the threat of a collision largely at bay. Dark matter, elusive as it is, may have played an important role in hurling comets at us at regular intervals, thus periodically resetting conditions for evolution to tinker with until- then inferior specimens, such as mammals—and ourselves.2


And oh, how lucky we have been to take our first upright steps on a planet with a clear view of the stars. Ever since Homo sapiens first craned their necks upward while squatting around a fire, the night sky has been our constant companion, a trusted guide, an awesome sight; a source of wonder, a place of mystery, and often a feared ruler. The same grandiosity necessary for our physical existence also primed us for reverence: when we look up to the night sky, it “directly reveals a transcendence, a power and a holiness,” which, according to Mircea Eliade, may have produced the first religious experience in the human mind.3 Not only our biological body but also our soul, it seems, required a grand cosmological stage to come forth.


It is often said that we are made of stardust, the atoms of our bodies having been created in the atomic furnaces of long-dead stars. But more than that, the simple fact that we could see the stars, adore them, and study them is the secret ingredient that made us who we are today. To those who knew how to read it, the sky was once a watch, a calendar, an almanac, and a map. Astrologers used it to foretell the future, kings and pharaohs to justify their power. The mysteriously regular movements of the heavens may have molded our ancestors’ brains for rational thinking; they led to major breakthroughs in mathematics and set off the Scientific Revolution; they have inspired some of the highest expressions of human art.


A highly specialized caste, today as in Babylonian times, is charged with reading the stars. Astronomers diagnose from tiny wobbles and blemishes in the starlight the presence of pale blue dots around other suns, while astrophysicists tune into the space-time tremor of two black holes embracing; doctors of cosmology auscultate the heartbeat of the Big Bang, as data science alchemists conjure up in their computers the slow-motion blooming of a planetary nebula. But we no longer remember which star heralds the arrival of the harvest, no longer marvel at the meandering shape of the Milky Way, no longer await the young crescent of the Moon as a symbol of hoped for rebirth, no longer ask the constellations for guidance when navigating the high seas.


It is all too easy to forget about the stars, hidden from our view by light pollution, peppered with artificial satellites, or confined to a desktop background. Yet taut threads still tie us to them, faint like a spiderweb glittering in the moonlight. Every time you glance at the twelve subdivisions of the hours on a clock’s face, you are staring at the star groups that the Egyptians used four thousand years ago to mark the passage of time at night. The GPS inside our phones and cars would be helplessly inaccurate without Albert Einstein’s theory of general relativity, which explained the mysterious petal-shaped trail of the orbit of Mercury and was tested with the reshuffling of stars during a total solar eclipse and the gentle slowing down of cosmic lighthouses in the form of spinning neutron stars. None of this would have been possible in a world without stars.


By simply being there in the sky for us to admire, puzzle over, and wonder about, the stars led us from the Stone Age to artificial intelligence, shaping in a remarkable but often unrecognized manner the course of human history. This book is the story of how.


It is also the story of how things might have been otherwise. In his 1905 book The Value of Science, French physicist, mathematician, and polymath Henri Poincaré celebrates astronomy as the most fundamental of all the sciences. He argues that astronomy’s usefulness goes far beyond its practical applications, as important as they are: “Astronomy is useful because it raises us above ourselves; it is useful because it is grand,” he declares.4 Poincaré then introduces a fictional world covered in clouds, perhaps inspired by Homer’s Cimmerians:


Think how diminished humanity would be if, under heavens constantly overclouded, as Jupiter’s must be, it had forever remained ignorant of the stars. Do you think that in such a world we should be what we are? …


Does anyone believe that, without the lessons of the stars, under the heavens perpetually overclouded that I have just supposed, [our souls] would have changed so quickly? Would the metamorphosis have been possible, or at least would it not have been much slower?5


This book takes up Poincaré’s provocation: “Do you think that in such a world we should be what we are?” We will imagine the rippling consequences on humankind’s trajectory of removing our view of the sky by traveling to an alternative version of our pale blue dot, one that, seen from a distance, looks like a milky marble. On this counterfactual Earth, covered in clouds that obliterate the view of the stars, at all times, everywhere, the absence of visible heavens changes everything. By removing something taken for granted, we will, I hope, see it anew—a lesson many of us learned during the coronavirus pandemic, when freedoms we thought unassailable were curtailed overnight. In a world without stars, which we shall call “Caligo,” humanity is sent down untried forks in the road of history. “To see things as they really are, you must imagine them for what they might be.”6 What American civil rights activist Derrick Bell intended as a device to foreground racial injustice, we will use to better understand how singular our star-strewn path has been.


We will begin our journey in the disenchantment of the present, in Chapter 2, and call upon our ancestral links to the sky to reawaken the awe the stars elicited in earlier generations. In Chapter 3 we will draw a veil over the sky, setting the premise of a world without stars alongside our investigation of humanity’s actual cosmic history.


We will slide down the pit of history once again in Chapter 4, all the way back to the dawn of Homo sapiens, teasing out the importance of the “disciplined army of luminous points” in the sky, in the words of Poincaré, for our prehistoric ancestors.7 The cyclical changes in the firmament were humanity’s first timepiece, a crucial precursor of “the key-machine of the modern industrial age” (according to historian Lewis Mumford): the clock.8 The many consequences of sky-based timekeeping, shaping nearly every aspect of our lives today, are explored in Chapter 5.


The view of the sky gave our ancestors the means to orient themselves in space as well as in time and to navigate the vast oceans that make our pale dot blue. In Chapter 6 we will encounter the horizons-expanding possibilities afforded by a clear view of the sky, crucial for navigating beyond coastal waters and spreading Homo sapiens to the four corners of the planet. We will witness the unique near-encounter of the Polynesian wayfinding tradition with the Western approach to navigation, illuminating how the stars were crucial for both, albeit in very different ways.


Astronomy will become the midwife to all Earth’s sciences in Chapter 7—not so for the less fortunate Caligoans. Nicolaus Copernicus, Galileo Galilei, Isaac Newton, Pierre-Simon Laplace, Carl Friedrich Gauss: they invented and perfected the scientific method to understand and describe the motion of planets and the laws that moved the sky. In doing so, they came up with new kinds of mathematics but, just as importantly, with a new way of looking at nature, one that focused on regularities, measurement, and prediction. As we will discuss in Chapter 8, this mind-set not only spread like wildfire to all sorts of scientific and technical endeavors but engulfed the human sphere, too, influencing the way we think of ourselves and the kind of societies we built.


In Chapter 9, we will turn our attention inward and explore how the symbolism of the heavenly bodies has influenced our very selves and still permeates our lives today. Belief in astrology changed the course of history, and its study provided the means of support and often the spark of inspiration for those who set the Scientific Revolution in motion.


As we reemerge from our journey through history, we will look at how we are beginning to remake the sky: as our sphere of influence encroaches into space, our view of the sky is rapidly changing, and not only because of light pollution. As our star-inspired technology risks wrecking the whole ecosystem, some are thinking of turning to the stars for salvation. Chapter 10 is concerned with the future of our cosmic heritage, and our own: Is aiming for the stars the answer, or should we be looking at the stars for a different kind of inspiration?


With the very survival of life on Earth today at stake in the wake of climate change, loss of biodiversity, and the rumbling of war, once again, I hope, the stars can show us the way.




THE CALIGO TALES





Remembering


The Glow was gone—it was time for Remembering.


I crushed the last morsel of charcoal between my fingers and daubed it on the cloud, darkening it to mask the glittering of crystals dotting the vault. I stepped back and took it all in: the carpet of cloud ran up the walls of the cave, slithered across the ceiling and back down the other side, as far as the eye could see. In the flickering light, it appeared to be flowing and rolling. I felt proud.


One after the other, they were all filing in: Bison-Seeker was first, followed by Shoe-Sewing, Way-Finder, Spear-Thrower, Beehive, Once-Upon-A-Glow, and, last of all, Cloud-Watcher. Beehive stopped for a beat to look at my work. As always, she gave me her opinion on some detail: too fat here, a bit more gray there, a touch less heavy over there.


As we joined the others around the fire and I took my usual place, I couldn’t help but stare at the empty sitting stone. Freshwater was still out from yesterglow, and who knew whether we’d see her again. I had told her not to go; when she left, there was Blackness in her eyes. Fire-Keeper was tending the logs, and the flames jumped higher, licking the blackened vault. Shepherd’s flute filled the cave with music and our hearts with mist. As always at the beginning of Remembering, Shepherd took the bowl full of charcoals from Fire-Keeper and, calling in the power of Lightning, poured water on it. A dense billow of white smoke puffed up from the bowl, and the Cloud was among us.


Shepherd’s figure had nearly disappeared in the whiteness, but his voice boomed as if the Cloud itself were speaking.


“Daughters and sons,” he intoned. “We are gathered at the end of the Glow so that we may Remember. But first, let’s send help to our sister Freshwater, who is out in the Darkness, and may be lost: may Lightning pierce the Darkness and show her the way!”


To this, we all shouted our best invocation of Rumble. When silence returned, Shepherd resumed.


“Daughters and sons, let us Remember!”


He walked around the fire, emerging from the white screen as he approached each of us. He stooped to look me in the eyes, so close that our brows almost touched. He held my gaze for a long while, then moved on. He passed Beehive without pausing, then abruptly pointed at Cloud-Watcher, and commanded, “Cloud-Watcher, you are closer to the Cloud than any of us. Remember the way of the Cloud!”


Cloud-Watcher stood, and thus began her story.




2


THE LOST SKY


But if a man would be alone, let him look at the stars. … One might think the atmosphere was made transparent with this design, to give man, in the heavenly bodies, the perpetual presence of the sublime.


—RALPH WALDO EMERSON, Nature1


LOOKING FOR TOTALITY


We have traveled over five thousand miles to get here, crossing oceans and mountains, but the success of the whole expedition hinges on these last five hundred yards.


The dirt track switches back and forth as it ascends, flanked by rustling high grass, which, we have been told, can hide venomous snakes. The scent of dry earth and pine fills the mid-morning air, as our steps kick up small puffs of dirt that cling to our sweaty bodies. Our son, Benjamin, not quite two years old, is enjoying the ride in the baby carrier on my back, a lookout from a crow’s nest on a miniature ship onto the dusty inlands. Emma, our five-year-old, proudly hangs on to a walking stick fashioned out of a dead branch, a pink bucket hat shielding her from the blazing Sun. In a few minutes’ time, she won’t need it any longer.


We have come to this remote part of Oregon in search of the perfect total solar eclipse. Dubbed “the Great American Eclipse,” the August 21, 2017, event is the first solar eclipse to traverse the United States since 1918. The path of totality, the narrow strip on Earth where the Moon lines up exactly with the Sun, will cross the country from the Pacific coast in Newport, Oregon, to the Atlantic coast in Charleston, South Carolina, touching thirteen states and giving millions of people the opportunity to witness one of the most dramatic spectacles the sky can offer.


I had tried to see a total eclipse once before. When the Earth, Moon, and Sun obligingly swung into alignment on my doorstep in August 1999, when I had been a physics undergraduate student, I dutifully traveled from Zurich to southern Germany, a comfortable train trip followed by buses to the countryside and a hike to the top of a gentle hill, tripods, cameras, solar filters, and rolls of film at the ready. Just like the Swiss train we rode on, the eclipse was on time that morning, but my fellow physics students and I could only divine it through the thick clouds thanks to the telephoto lenses on our cameras. Later, we would brag that we had been there, with trophy pictures of the eclipsed Sun to prove it, but our smiles were laced with disappointment, the gray sky a mocking backdrop to our trio—it didn’t feel as if we had experienced the real thing.


This time, I have done my research, and I know that the best conditions are to be found in eastern Oregon, where the Cascade Range keeps the humid air drifting inland from the Pacific at bay and the summer sky is highly likely to be clear at 10:21 a.m. on August 21, 2017. Unfortunately for us, in the age of the internet, millions of Americans and eclipse chasers have come to the same conclusion, and I have quickly discovered that hotels, vacation rooms, camping sites, RV parks, and even open fields from Bend to Portland are full—everybody wants to bathe in the shadow of the Moon as it glides across the continent.


But I have an ace up my sleeve: astronomer Tyler Nordgren, a colleague of mine, is a member of that rarefied group of people who call themselves “coronaphiles”—eclipse fiends. With dozens of eclipses under his belt, he is a man with a plan for the Great American Eclipse, and he doesn’t disappoint: when I reached out to him, he invited us to join him on a private ranch near Kimberley, where he has organized an eclipse camp. There will be barbeques, there will be mules and horses, there will be the great American wilderness, and, most importantly, there will be the highest probability of one minute, fifty-eight seconds of totality under perfectly blue skies. Phone calls were made, savings rustled up, and transport booked. We have flown from London into San Francisco, adjusted our body clocks to Pacific time in Marin County, picked up during rush hour on a Friday afternoon in Newark an RV more spacious than my first student flat, shot due north up Highway 5, turned west at Reading, slept among fragrant pine trees in Lassen County, barreled through deserts with cobalt blue lakes, filled up in Wagontire (pop. 2), and cooked pasta al sugo under a canopy of stars. This is no time to dally—we have a cosmic appointment to keep. Highway 19 took us to Kimberley, past the John Day Fossil Beds National Monument, and then it was a question of looking out for a certain milepost and a red mailbox with a mule on top, gently leading the RV down a dirt track, and pulling into what in the headlights looked like an open field.


When I opened my eyes this morning, the rush of adrenaline was immediate. I parted the RV curtains and looked out: the sky was an auspicious shade of peach, heralding a cloudless day. Success was within reach. I gazed out on ochre buttes dotted with dark conifers, silver-leafed sagebrush, yellow-flowered Scotch broom bushes, and spring-green thicket that I didn’t recognize. This landscape is so iconic of the American West that a version of it is painted on the sides of our RV.


We have decided to climb one of the buttes to get a view of the landscape as the lunar shadow approaches and to get away from the six-hundred-strong crowd of fellow eclipse chasers who have transformed the remote ranch into a good-humored party site. If we are to connect with the sky, we need isolation and silence as much as a clear view. But the plateau we have elected as our observation site is farther away than we had imagined, the slopes steeper than we expected, and prepping our two mini-explorers for the last leg of our adventure has taken longer than planned this morning. As a result, it’s ten past nine, and the start of the eclipse finds us about halfway up. We’ve missed first contact, when the Moon takes its first, tentative bite of the Sun’s disc, and we need to speed up if we are to make it to the top in good time for the main show.


THE HARBINGER OF DOOM


My friend and colleague Mark McCaughrean, a man of science not inclined to lyricism, told me once that totality had transformed him into “a gaping ape.” Isaac Asimov went further, using a solar eclipse to drive an entire civilization to collapse in his 1941 novelette Nightfall. The story takes place on a perpetually sunbathed planet, Lagash, whose inhabitants are unaware of the existence of stars. Every 2,050 years, however, a moon brings about a total solar eclipse that plunges the planet into darkness and thus reveals the star-studded night sky. A handful of scientists predict the spectacle and raise the alarm but are ridiculed by the public and assaulted by members of a sect who believe the eclipse will be the end of the world. When darkness engulfs the day and thousands of stars appear, the minds of the Lagashians bend and crack under the weight of an unchecked fear, and the horizon turns crimson with fires destroying their cities.


The extreme reaction of Lagashians is perhaps only a little exaggerated. Total solar eclipses have always been seen as portents and often as harbingers of doom. When the Sun, provider of heat, light, and life, disappeared without warning from the sky, the natural order of the world was subverted. It was often believed that eclipses were an attack by some evil force: a dragon for the Chinese, a serpent for the Maya, a pair of wolves for the Vikings, an evil spirit taking the form of a toad for the Shan people of Annam (in today’s Vietnam), a vampire for the Tatars of Siberia. The prophet Joel warns, “The sun shall be turned to darkness, and the moon to blood, before the great and the terrible day of the Lord come.”2


Our forebears saw events in the sky as connected with human affairs, and a dramatic, unannounced disturbance like a solar eclipse was perceived as a threat to be dispelled with whatever magical means were available. Remedies included shouting to scare away the Sun’s attacker, throwing stones and shooting coal-tipped arrows into the sky, and singing and chanting. Only slightly less frightening was the spectacle of the full Moon dimming and turning blood-red during a lunar eclipse, which called for corresponding magical countermeasures. Only rarely was the joining of Sun and Moon in the sky interpreted as the joyful mating of husband and wife, as Australian First People and Tlingit Native Americans believed.


One terrifying aspect of a solar eclipse was that no one in antiquity could predict it reliably—not until Edmond Halley in the eighteenth century. A solar eclipse occurs when the Moon passes in front of the Sun, which happens on average every eighteen months.3 But the type of eclipse depends on the orbital vagaries of the Moon. Total (the Sun disappears entirely) eclipses are startling, while partial (the Sun’s face is not fully covered) and annular (a ring of light surrounds the dark lunar disc) eclipses are not nearly as dramatic: a partial eclipse often goes unnoticed unless one is specifically looking for it. Less than a third of solar eclipses are total, and what’s more, the path of totality, the pencil line on the surface of the Earth along which one can observe Moon and Sun in perfect alignment, is quite narrow, typically only one or two hundred kilometers wide. Outside that region, a total eclipse is demoted to partial. So the chance to experience the hair-rising moment of a total solar eclipse from any one location on the surface of our planet is narrow—on average, only two or three times per millennium. By contrast, lunar eclipses, which occur when the Moon is obscured by the shadow of the Earth, are observable from everywhere on the night side of the Earth, and thus a total lunar eclipse can be seen about once a year on average from any location.


Many ancient civilizations anxiously recorded the patterns of solar and lunar eclipses in the hope of divining their future occurrence—an effort that commanded sustained attention, precise recordkeeping, and astronomical knowledge passed down through many generations. Since the second millennium BC, the Chinese have attempted to predict lunar eclipses as part of their systematic calendrical method, called lifa, while solar eclipses were considered part of tianwen, the unpredictable phenomena of the heavens. Some managed to crack the code: Babylonian astrologers noticed in the second millennium BC that lunar eclipses repeat exactly every 6,585 days (slightly more than eighteen years). This cycle is today called a saros, and it encompasses 223 new Moons, a period after which the relative locations of the Sun and the Moon in the sky are almost exactly reproduced. The Babylonians, like the Chinese, could not foretell the ominous solar eclipses, but they might have noticed that a total solar eclipse is always preceded or followed by a lunar eclipse, with the two events fourteen days apart. So knowing when a lunar eclipse would next happen would have helped them prepare for the potential occurrence of a total solar eclipse.


This might have been the strategy adopted by Greek astronomer and mathematician Thales of Miletus, who, according to Herodotus, foretold the total solar eclipse of 585 BC, which occurred in modern-day northern Turkey during the sixth year of a bloody battle between the Lydians and the Medes. But when the fighting armies “saw the day turned to night, they stopped fighting, and both were the more eager to make peace.”4 The Stonehenge megalithic circle might have been used as an eclipse predictor, indicating when the Moon was approaching the orbital danger zone in which it could obscure the Sun.


The premodern terror of solar eclipses is brought to life in an account by Fray Bernardino de Sahagún, a Franciscan missionary who spent over sixty years among the Aztecs of Mexico, recording their customs and beliefs before they got wiped out by the Spanish conquest. The Aztecs believed that the underworld was located in the sky and could not be seen because of the shining Sun. Evil skeletal creatures of darkness, called Tzitzimime, were said to be unleashed during totality and would bring destruction onto the world. The Aztecs’ reaction to the obliteration of the Sun’s light during the eclipse in the sixteenth century is reminiscent of that of Asimov’s Lagashians: “There was shouting everywhere. People of light complexion were slain; captives were killed. All offered their blood; they drew straws through the lobes of their ears, which had been pierced. And in all the temples there was the singing of fitting chants; there was an uproar; there were war cries. It was thus said: ‘If the eclipse of the sun is complete, it will be dark forever! The demons of darkness will come down; they will eat men!’ ”5


Total solar eclipses came to be seen as connected with or auguring the demise of powerful men: kings, emperors, popes, and prophets. The Gospel of Luke describes the Sun as “darkened” for three hours after Jesus’s crucifixion, but this could not have been an astronomical eclipse, as we know that Jesus died on the day of Passover, which coincides with a full Moon, not with the new Moon that would be required for a solar eclipse.6 Perhaps Luke was speaking symbolically or used the power of an eclipse to underline rhetorically the dramatic moment of Christ’s death, thus fulfilling the prophecy in the Bible about the moment of reckoning for Israel: “And it shall come to pass in that day, saith the Lord God, that I will cause the sun to go down at noon, and I will darken the earth in the clear day.”7 The son of Charlemagne, Louis the Pious, was said to have died of the terror inspired in him by the solar eclipse of AD 840. And according to popular wisdom recorded in the Anglo-Saxon Chronicle, the total eclipse of August 2, 1133, did it for Henry I, king of England and Normandy: “In this year King Henry went over sea at Lammas, and the second day as he lay and slept on the ship the day darkened over all lands; and the Sun became as it were a three-night-old Moon, and the stars about it at mid-day. Men were greatly wonder-stricken and were affrighted, and said that a great thing should come thereafter. So it did, for the same year the king died on the following day after St Andrew’s Mass-day, Dec 2 in Normandy.”8


That King Henry I died more than two years after the eclipse (on December 1, 1335) and of a more mundane reason (indigestion of lamprey, on which he gorged against his doctors’ advice) shows how deep-seated the connection between heavenly portents and earthly events was in observers’ minds. The Assyrians of Mesopotamia sought to deflect the ill consequences of an eclipse by replacing their king with a surrogate, whose role was to face the danger of the bad omen in place of the sovereign.9 Usually a prisoner, a criminal, or a commoner, the puppet king was appointed on the recommendation of the court astrologers; in the wake of an eclipse, such as that of June 15, 763 BC (the first unambiguously recorded solar eclipse in history), he would be enthroned, dressed in regal robes, and given a consort queen.10 He was made to swear a special oath in which he “took all the celestial and terrestrial portents on himself,” and for up to one hundred days he would be dined, entertained, and surrounded by bodyguards (lest he escape), while the real king remained in hiding. When the celestial danger was deemed to have passed, the substitute was executed and the king reinstated. The eclipse did invariably bring death for the substitute king.


THE PRINCIPLE OF LIFE


As I sweat under the blazing Sun, climbing the butte as fast as the short legs of my daughter and the weight of my sleeping son in the baby carrier will allow, I reflect on how much our relationship with our star has changed. Today, the term sun worshipper evokes nothing more than ice-cold cocktails on a white, sandy beach at sunset, the whiff of SPF 50 sunscreen hovering in the air. But in ancient times, when humanity’s survival was at the mercy of scorching drought, torrential rains, or devastating floods, rituals to propitiate the supreme god were no laughing matter.


Many ancient civilizations worshipped the Sun as a major deity, recognizing in him (and it was often—although not always—a masculine god) the principle of life itself. This was all the more reason to be terrified by his sudden disappearance from the sky. No civilization was more obsessed with, or more fervently devoted to, the Sun than the ancient Egyptians. In ancient Egypt, the falcon-headed Sun god Ra triumphantly traverses the sky in his boat, flanked by minor deities keeping watch and fighting off any foes that might stand in the way. At sunset, the Sun’s bark plunges into the western horizon, celebrated by the chattering of monkeys, to face a danger-strewn return journey through the underworld. There, Ra must overcome great serpents with monstruous bodies, navigate twelve pitch-dark compartments (one every hour, something we’ll return to) across the depths of the Earth, and cross lakes of fire, until he finally confronts his great rival, Apophis, the serpent of death, harboring a knife in each of its coils. Helped along by allies of the light, cheered on by monkeys and the spirits of the dead, Ra finally prevails after a gruesome battle, but to be reborn, he must enter with his boat the tail of a snake and be regurgitated from its mouth, transformed into a sacred scarab beetle, who rolls the rejuvenated sphere of the Sun upward from the eastern horizon. This daily cycle of death and resurrection embodied, for the Egyptians and many others, the struggle of existence and the hope for a new life after death. Remarkably the Egyptians didn’t leave any records of eclipses; perhaps such deep disturbances in the normal course of Ra were considered too shameful for the pharaoh, the god’s incarnation on Earth, to be shared with posterity.11


The second protagonist of the cosmic union unfolding over our heads played just as important a role in shaping our ancestors’ beliefs. Insofar as we can sound the oceanic depths of our oldest myths, the Moon was the original focus of religious life, not the Sun. Its cycle of waning and waxing extended time reckoning past the simple alternation of day and night. As we will see in Chapter 4, the earliest calendars were Moon-based. But just as importantly, the lunar phases came to be associated with the ever-recurring cycle of life, the universal law of becoming, the inescapable wheel of human birth, growth, decline, and death—something we will also explore further.


Brother and sister, mother and son, left and right eye of the heavens, bride and groom: whatever their imagined relation, the ancient symbolism connected with the Sun and the Moon relies on their almost identical apparent size in the sky—the Sun being approximately four hundred times larger than the Moon but as much farther away. This happy astronomical coincidence treats us to total solar eclipses and also forms the basis for a myriad of myths where the Moon and the Sun are, if not equals, at least of similar status in their respective roles. But this delicate match won’t last forever: as the Moon recedes from the Earth, at a steadily increasing rate of four centimeters per year, at some point it will be too far away for its disc to fully cover the Sun. In about six hundred million years, the day will come when the last total solar eclipse will grace the Earth.12
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