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		Introduction

		Before the Earth was formed, there were comets here. Afterwards, and for all subsequent eons, comets have graced our skies. But until very recently, the comets performed without an audience; there was, as yet, no consciousness to wonder at their beauty. This all changed a few million years ago, but it was not until the last ten millennia or so that we began to make permanent records of our thoughts and feelings. Ever since, comets have left a good deal more than dust and gas in their wakes; they have trailed images, poetry, questions, and insights. In this book, we have sought to rediscover those trails, to explore our present understanding of the comets, and to speculate on what else may be possible.

		We were inspired by the 1985/86 return of one of the Earth’s most brilliant (and punctual) visitors, Halley’s Comet, and the promising 1997 apparition of a previously unknown comet, Hale-Bopp.

		We have tried to give some sense of the evolution of scientific discovery, and present the evidence for and against those cometary theories that have been rejected, those that are currently fashionable, and some that are neither fashionable nor rejected. We hope we have indicated clearly which is which. Certain concepts and terms are presented more than once for clarity and accessibility to the general reader. This is not by any means a mathematical book, but all modern science is quantitative and so we have included a little arithmetic here and there. When we want to know how far away something is, we could measure in miles or versts or leagues. Nature is just the same no matter what measuring rods we use. But because it is the scientific convention, because the vast majority of nations on the planet have adopted it, and because it is simpler, we will here employ the metric system. A meter is about a yard long. A thousand of them make a kilometer, which is about 60 percent of a mile. If we imagine a meter divided into a hundred equal parts, each part is a centimeter. A little over two and a half centimeters make an inch. A micron is a millionth of a meter, much too small to see. Ten thousand atoms, shoulder to shoulder, make a chain one micron long. Your fingernail is about ten thousand microns wide, or around one centimeter.

		For reasons of length and readability, we have included the names of only a tiny fraction of the cometary scientists alive today. They have transformed the subject into one of the most exciting areas of modern science. Far more of them exist than the total number of cometary scientists who have lived in all previous generations. We beg the indulgence of those whose names we have omitted. The interested reader can follow the trail of original scientific papers to find the names of these specialists through the bibliography in the back of the book. In that bibliography, we have included both popular books on astronomy and representative or especially interesting works from the scientific literature.

		We are indebted to the world astronomical community for their generosity to us throughout the preparation of this book. Joseph Veverka of Cornell University, a moving force behind U.S. plans for spacecraft missions to the asteroids and the comets, served as chief technical consultant and reviewer, and provided many astronomical images for the book. We are grateful to Andrea Barnett, Mary Roth, John Kaprielian, and Margaret Dermott for facilitating our acquisition of these photographs. Mark Washburn fulfilled several research assignments with his customary diligence and excellence.

		Several colleagues were kind enough to read earlier drafts of this book and provide detailed and valuable comments: Luis W. Alvarez, Martha Hanner, Joseph Marcus, Steven Soter, Paul Weissman, and Donald K. Yeomans, who also calculated the dates of the future returns of Halley’s Comet. Others who permitted us to tap their expertise include John C. Brandt, Donald Brownlee, Stephen Jay Gould, Brian Marsden, Richard Muller, Marcia Neugebauer, Ray Newburn, Sara Schechner Genuth, Zdenek Sekanina, J. John Sepkowski, Jr., Eugene M. Shoemaker, Reid Thompson, and Fred L. Whipple. We are deeply grateful to all of them.

		One of the most pleasant experiences in writing this book was our encounter with Ruth S. Freitag, Senior Science Specialist of the Science and Technology Division of the Library of Congress. Her knowledge, enthusiasm for her subject, and willingness to share a treasury of comet illustrations speaks well of the nation’s library.

		The visual content of Comet is largely due to Jon Lomberg, an artist whose dreams are informed by science. His diagrams—produced with Simon Bell and Jason LeBel of Bell Production Services, Toronto, Canada—teach painlessly and with elegance. In addition to reviewing the manuscript, Jon also coordinated the efforts of other artists in producing specially commissioned paintings for this book. We are proud to display herein the work of some of the planet’s finest astronomical artists:



		
			
					Michael Carroll
					Pamela Lee
			

			
					Don Davis
					Jon Lomberg
			

			
					Don Dixon
					Anne Norcia
			

			
					William K. Hartmann
					Kim Poor
			

			
					Kazuaki Iwasaki
					Rick Sternbach
			

		

		Our chapter on the life of Edmond Halley is illustrated with a number of images that have come to us through the kindness of Michael Thomas of A.M. Heath, London. We also thank Maren Leyla Cooke and Takako Suzuki for prehistoric animals and ancient calligraphy, respectively, and Donald K. Yeomans for giving us access to his personal collection of cometary pictures.

		The manuscript was expertly guided through its many incarnations by Shirley Arden, whom we acknowledge in the dedication, and then by William Barnett. The illustrations in this revised edition have again benefited from the unique skills of Jon Lomberg. We also thank Pandora Peabody and Maruja Farge, who in different ways made fundamental contributions to this book.

		Patricia Parker, professor of comparative literature, University of Toronto, introduced us to the possibilities of a concordance of the world’s cometary literature, launching us on a heady voyage. We have benefited from the remarkable breadth and depth of the scholarly community at Cornell University. Patricia Gill of the Department of English provided us with original translations of numerous ancient comet references and literary allusions and assembled a corps of talented researchers and translators, including Ann Bishop, Milad Doueihi, Michael D. Layne, Jim LeBlanc, Gina Psaki, Heather Smith, Karen Swenson, and Xie Yong.

		We thank Howard Kaminsky, Jason Epstein, Robert Aulicino, Nancy Inglis, and Ellen Vanook at Random House and Linda Grey at Ballantine for their efficient production; Derek Johns for helpful line-editing and many courtesies; Scott Meredith, Jack Scovil, Jonathan Silverman, Bill Haas, and others at the Scott Meredith Literary Agency for services that went beyond the usual norms in making Comet possible; and Cynthia Cannell and Mort Janklow of Janklow & Nesbit Associates literary agency. Our thanks to Dorion Sagan for his support. We are also grateful to Kel Arden, David Aylward, Daniel Boorstin, Frank Bristow, Brian Dias, George Finlay, Andrew Fraknoi, Louis Friedman, A. L. Gabriel, Irving Gruber, Annie Guehenno, Jean-Marie Guehenno, Theodore Hesburgh, P. D. Hingley, Michel-Henri Lepaute, Bob Marcoux, Jerred Metz, Nancy Palmer, David Pepper, N. W. Pirie, George Porter, Roald Sagdeev, Alan Stahl, Andy Su, Peter Waller, Jean Wilson, Eleanor York, and Robert Zend.

		The thirtieth recorded apparition of Halley’s Comet and the appearance of Hale-Bopp, a comet never before seen in recorded human history, bring us face to face with the great question of our time. They arrive just as we have become a spacefaring civilization, and just as we have devised the means to destroy ourselves. We recall those eons during which there were no beings on Earth to marvel at the comets; we hope, at least until the Sun dies, that will never be the case again.

		You lift your children onto your shoulders that they may better see a comet and, in so doing, join a chain of generations that stretches back far beyond the reach of written memory. There is no cause more important than protecting that ancient and most precious continuity.

		—CARL SAGAN AND ANN DRUYAN
ITHACA, NEW YORK
AUGUST 6, 1985 AND
NOVEMBER 7, 1996

	
		PART I

		The Nature of Comets

	
		CHAPTER 1

		Astride the Comet

		
			How vast is creation! I see the planets rise and the stars hurry by, carried along with their light! What, then, is this hand which propels them? The sky broadens the more I ascend. Worlds revolve around me. And I am the center of this restless creation.

			Oh, how great is my spirit! I feel superior to that miserable world lost in the immeasurable distance beneath me; planets frolic about me—comets pass by casting forth their fiery tails, and centuries hence they will return, still running like horses on the field of space. How I am soothed by this immensity! Yes, this is indeed made for me; the infinite surrounds me on all sides. I am devouring it with ease.

			—GUSTAVE FLAUBERT, SMARH, 1839, TRANSLATED BY JIM LEBLANC

		

		These are the snows of yesteryear, the pristine remnants of the origin of the solar system, waiting frozen in the interstellar dark. Out here trillions of orbiting snowbanks and icebergs are stored, gently suspended about the Sun. They cruise no faster than a small propeller-driven aircraft would, buzzing through the blue skies of far-off Earth. The slowness of their motion just balances the gravity of the distant Sun, and, poised between feeble contending forces, they take millions of years to complete one orbit around that yellow point of light. Out here you are a third of the way to the nearest star. Or rather, to the next nearest star: In the depth and utter blackness of the dark sky around you, it is entirely clear that the Sun is one of the stars. It is not even the brightest star in the sky. Sirius is brighter, and Canopus. If there are planets circling the star called the Sun, there is no hint of them from this remote vantage point.

		These trillions of floating icebergs fill an immense volume of space; the nearest one is three billion kilometers away from you, about the distance of the Earth from Uranus. There are many icebergs, but the space they fill, a thick shell surrounding the Sun, is incomprehensibly vast. Most of them have been out here since the solar system began, quarantined from whatever mischief may be going on down there, in that alien and hostile region bordering the Sun.

		Beyond the occasional soft ping of a cosmic ray from some collapsed star at the other end of the Milky Way, hardly anything ever happens here. It is very peaceful. But something has happened, a gravitational intrusion, not by the Sun or its possible planets, but by another star. It was slow in coming, and at its closest it was never very near. You can see it over there, glowing faintly red, much dimmer than the Sun. This cloud of icebergs has been carried with the Sun on its motions through the Milky Way Galaxy. But other stars have their own characteristic motions, and sometimes by accident approach us. So on occasion, as now, there is a little gravitational rumbling, and the cloud trembles.

		Since your iceberg is bound so weakly to the Sun, even a little push or tug is enough to throw it onto some new trajectory. The neighboring icebergs—much too small and distant for you to see directly—have been similarly affected, and are now hurrying off in many directions. Some have been shaken loose from the gravitational shackles that had bound them to the Sun, and are now liberated from their ancient servitude, embarking on odysseys into the vast spaces between the stars. But for your iceberg there is a different destiny working itself out: You have been tugged in such a way that you are now falling, slowly at first, but with gradually increasing speed—down, down, down toward the point of light about which this vast collection of little worlds slowly revolves.

		Imagine that you are as patient and long-lived as the iceberg on which you are standing, that you have adequate life expectancy and life-support equipment for a journey of thousands to millions of years. You are falling toward the bright yellow star. Your worldlet and its brethren have been given a name. Comets, they are called. Your comet—perhaps it is one called Hale-Bopp—is an emissary from the kingdom of ice to the infernal realm near the Sun.

		Out here a comet is only an iceberg. Later on, the iceberg will be just one part of the comet, called the nucleus. A typical cometary nucleus is a few kilometers across. Its surface area is the size of a small city. If you were standing on it you would see the smoothly curving contours of gracefully sculpted hillocks built of very dark, reddish-brown ice. There is no air on this small world, nothing liquid, and—apart from you yourself—nothing alive, at least so far as you can see. You can, over the following millions of years, explore every corner, every mountain, every crevice. With the skies perfectly clear, and with no particularly urgent tasks before you, you can also spend a little time studying the magnificent array of unwinking bright stars that surrounds you.

		The scale of the solar system.
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		The inner solar system, with the Sun in the center and, shown as four concentric circles, the orbits of the terrestrial planets, Mercury, Venus, Earth, and Mars. Beyond the orbit of Mars is a cloud of small asteroids, shown here as dots. Also displayed is the elliptical orbit of Comet Encke. The Earth’s distance from the Sun—150 million kilometers or 93 million miles—is called 1 Astronomical Unit (A.U.) and is shown in the scale.

		[image: ]

		The boundaries of the planetary part of the solar system, as known today. The boundary of the previous figure is embedded in this diagram as the small square in the center. Shown are the concentric orbits of the jovian planets, Jupiter, Saturn, Uranus, Neptune, as well as the smaller planet Pluto—most of the time the outermost planet, but in the late twentieth century slightly closer to the Sun than Neptune. The highly elliptical orbit is that of Halley’s Comet, which at aphelion takes it beyond the orbit of Neptune. The scale of this diagram is 100 Astronomical Units.
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		The inner edges of the Oort Cloud. The planetary part of the solar system is contained in the small square at center, and the highly eccentric orbit of a long-period comet is shown. The orbit of Hale-Bopp is somewhat similar. The dots represent the inner edge of the cloud of comets, which perhaps begins less than 100 A.U. from the Sun.
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		The solar system on its grandest scale. The previous three figures are subsumed in a dot too small to see at the center of this picture, where the Sun and the planets are located. Surrounding the Sun out to a distance of 100,000 Astronomical Units is a great spherical assemblage of comets called the Oort Cloud. It reaches halfway to the nearest stars. Diagrams by Jon Lomberg/BPS.

		Your footprints are deep, because the snow beneath your feet is weak. In a few places there are patches of ground so fragile that were you to walk upon them imprudently you would fall through—as in the legendary quicksand of Earth—onto deep shadowed ice, perhaps meters below. Your fall would be slow, though, almost languorous, because the acceleration caused by gravity, the downward force you feel here on the comet, is only a few thousandths of a percent of the familiar 1 g of Earth.

		On more solid ground, the low gravity might tempt you into unprecedented athletic feats. But you must be careful. If you so much as stride purposefully, you walk off the comet altogether. With only a little effort, from a standing position you leap thirty kilometers into space, taking almost a week to reach the peak of your trajectory. There, gently tumbling, you have a comprehensive view of the comet slowly rotating beneath you, its axis by accident almost pointing toward the Sun. You can make out its lumpy shape; the comet is far from a perfect sphere. Perhaps you worry that you have jumped too high, that you will not fall back to the comet, that you will drift alone through space forever. But no, you see that your outbound velocity is gradually diminishing, and eventually, ten or twelve days after making this modest exertion, you tumble lightly back onto the somber snows. On this world you are dangerously strong.

		Since it is hard to take a step without launching yourself on a small parabolic trajectory, team sports would be played in agonizing slow motion, the cluster of players rising and spinning in the space surrounding the comet like a swarm of gnats sizing up a grapefruit. A game of baseball would take years to complete—which is just as well, since you have a million years or so to idle away. But the ground rules would be unorthodox.

		You pack the snow into an odd dark snowball and easily fling it off the comet, never to return again. With a flick of the wrist, without even engaging your arm in the throwing motion, you have launched a new comet on its own long, falling trajectory into the inner solar system. High above the equator of your comet, you can lightly pitch a snowball so that it hovers forever above the same point on the surface. You can make arrays of objects stationary in space, vast, apparently motionless three-dimensional assemblages, poised above the cometary surface.

		As the millennia pass, you cannot help but notice that the yellow star is gradually growing more intense, until it has become by far the brightest star in the sky. The early phase of your voyage has been tedious, even if you are endowed with heroic patience, and in several million years hardly anything has happened. But you can at least see your surroundings more clearly now. The icy ground beneath you has hardly changed at all. The journey has been so long that you have been able to detect variations in the positions and, you think, even the brightness of many nearby stars. Your world is moving faster now, but otherwise everything is still, silent, cold, dark, changeless.

		The comet eventually begins crossing the orbits of other kinds of objects, much larger bodies that are also bound in gravitational thrall to that beckoning point of light. As you pass close by them, you careen perceptibly. Their gravities are so large that they retain massive atmospheres. Your comet, by contrast, is so insubstantial that any puff of gas released escapes almost instantly to space. Accompanying the giant gas planets with their multicolored clouds is a retinue of smaller, airless worlds, some of them made of ice—much more kin to the comets than the huge ball of hydrogen that fills your sky.

		You can feel the warmth of the Sun increasing. The comet feels it too. Little patches of snow are becoming agitated, frothy, unstable. Grains of dust are being levitated over the patches. Considering the feeble gravity, it is no surprise that even gentle puffs of gas send grains of ice and dust swirling skyward. A powerful jet gushes up from the ground and a fountain of fine particles is launched far above you. The ice crystals sparkle prettily in the sunlight. After a while the ground becomes covered with a light snow. As you plunge onward, closer to the Sun, its disk now easily visible, such blowoffs become more frequent. While on one of your excursions aloft, you chance to see an active jet, a geyser pouring out of the ground. You give it wide berth. But it reminds you of the instability—the literal volatility—of this tiny world.

		Far out in space, the vanguards and outriders of the columns of crystals are being blown back by some invisible influence. Eventually the cometary nucleus on which you have been riding is enveloped in a cloud of dust particles, ice crystals, and gas, and the material being blown back behind you slowly forms an immense but graceful tail. If you stand on solid ground, far from the kinds of unstable ices that produce the geysers, you can still see a fairly clear sky, and track your motion by the stars. When the big jets go off, you can feel the ground shift. Here and there the ice has sheared or cracked or fallen, revealing intricately stratified layers of various colors and darkness—a historical record of the building of the comet from interstellar debris billions of years ago. By looking at the stars, you can tell that your worldlet is darting a little, rebounding in the opposite direction every time a new gusher erupts. The fountains of fine particles cast diffuse shadows on the ground, and there are now a sufficient number of them—most still of modest dimensions—that the field of darkish ice has taken on a mottled, dappled appearance.

		The fine, icy grains evaporate in a few moments when heated by the increasingly fearsome sunlight, and only the dark grains that they contain will persist as solids. The substance of the comet is being converted into gas before your eyes. And the gas, illuminated by sunlight, is glowing eerily. You realize that there is now not just one tail, but several. There are straight blue tails of gas, and curving yellow tails of dust. No matter in what direction the jet happens to gush at the beginning, the unseen hand carries it away from the Sun. As the jets turn on and off, and the streamers above you curve because of the rotation of the comet, a rococo skywriting takes form. But everything aloft is relentlessly redirected by the invisible forces, the pressure of light and the wind from the Sun. The solar wind seems intermittent. So the gradually burgeoning tails form, merge, separate, and dissipate, and knots of higher brightness abruptly accelerate and then decelerate leeward from the Sun. And windward, sheets of gas and fine particles form complex and exquisite veils that change their aspect in the twinkling of an eye. This is a kind of polar fairyland, and its beauty momentarily distracts you from how dangerous it has become.

		Because of the evaporation of so much ice, the ground near the exhausted gushers is friable, delicate, fragile, often no more than a matrix of fine particles stuck together billions of years ago. Soon hills of snow that had stolidly resisted the importuning sunlight for eons show signs of stirring. There is an internal motion. The ground buckles. Tentative puffs of gas are released to space, then many geysers simultaneously erupt, and you know that nowhere on the entire surface of this cometary nucleus is there a safe refuge. The comet has awakened from a trance of eons into a wild and manic frenzy.

		Later, after you pass the Sun and retreat into the interstellar night, the comet will lose its tail, and settle down. Its orbit will one day carry it back again to the inner solar system. Perhaps in some future pass by the Sun, millions of years hence, the surface will be safer because all the outer layers of ice will already have been vaporized by the heat. Only dusty and rocky stuff will be left. After many passages, a comet becomes less active, produces fewer jets, generates a less spectacular tail. As they get older, they settle down. But you are aboard a new comet, and swirling geysers are spraying the skies with dust. Maiden voyages are always the most dangerous.

		You are venturing still closer to the Sun, and although the sky above you is overcast, the temperature is rising. But the surrounding haze of fine, bright particles that diffuses the sunlight also reflects it back to space, and evaporating the ice uses energy that otherwise would go into heat. If not for this protection the cometary nucleus and you yourself might become dangerously hot.

		You are rounding the Sun now, racing, hurtling through this treacherous regime. You have never moved this fast before. The ground is creaking and straining, new fountains are violently erupting. You take refuge at the shadowed base of a hillock of ice whose sunward side is crumbling, evaporating, and shooting pieces of itself out into space. But eventually the activity subsides, and the skies partially clear. Formerly the Sun was ahead of you; now it is behind, on the other side of the cometary nucleus.

		Through a break in the surrounding nebulosity you realize that you are passing close to a small, blue world with white clouds and a single battered moon. It is the Earth in an unknown epoch. There may be beings there who will look up and see this apparition in their skies, who will note the great blue and yellow tails streaming away from the Sun, the complex pinwheel-shaped patterns of fine-grained material being jetted off into space, and they will wonder what it means. Some of them might even wonder what it is.

		It is surprising how closely you are passing, and it occurs to you that sooner or later some comet is going to run smack into this little planet. The Earth would survive such an impact, of course—although there would doubtless be minor attendant changes, some species of life having failed, perhaps, and others newly promoted. But the comet would not survive. It would fall deeper and deeper into that atmosphere, large fragments, whole hills of the nucleus separating off, flames licking through the crevices into its hidden interior. Perhaps enough of the comet would survive to make a huge explosion, generating a large hole in the ground down there, and spraying up a cloud of surface dust. But of the comet itself, all the ices would have vaporized. All that would be left would be a sprinkling of fine, dark grains scattered like birdseed or buckshot upon the alien land.

		But, you reassure yourself, running into a world is an unlikely event. On this swing past the Sun, at any rate, you will not collide with anything larger than occasional motes of interplanetary dust, the remnants of past comets that have spent their substance dashing through the realm of fire. With a last glance at the blue world, you silently wish its inhabitants well. Perhaps they will consider their skies comparatively drab and cheerless once your comet has departed. For yourself, you are relieved to be on the return trajectory, out of the deadly heat and light, and heading back to the placid cold and dark, where, except for an occasional unlucky jostling by a passing star or dust cloud, comets can live forever.

		The long and lovely tails now precede you on your journey; the wind from the Sun is at your back.

	
		CHAPTER 2

		Portent

		
			If at your coming princes disappear,
Comets! come every day—and stay a year.

			—SAMUEL JOHNSON, LETTER TO MRS. THRALE, OCTOBER 6, 1783

			This one description ought to be generally agreed upon: [A comet is] an unusual star of strange appearance … seen trailing fire which streams around it.

			—SENECA, NATURAL QUESTIONS, BOOK 7, “COMETS”

		

		For a million years or more, there have been human observers to wonder at the grandeur of the comets that intermittently grace the skies of Earth. Memorable comets visible to the naked eye have appeared on average once a decade, a few times a lifetime. On a hundred thousand occasions during the tenure of humans on Earth our ancestors must have seen a diffuse streak of light, brightening night after night, sometimes outshining even the brightest stars, and then, weeks or months later, slowly fading from view. A hundred thousand apparitions. And yet we have not a single concrete recollection of any comet earlier than the last three or four millennia. In this sense, as in many others, we are a species of amnesiacs. We are estranged from our past. We can only guess what our ancestors thought when the habitual serenity of the heavens was so spectacularly interrupted.

		For most of that time humans enjoyed a far more intimate relationship with the sky than we do now. We may know much more than they did about what is actually up there, but they were much more a part of it. They slept among the stars. They looked to the sky to tell them when to camp and when to move on, when to expect the migratory game and the rains and the bitter cold. Appropriately, they watched the sky as if their lives depended on it, but also because it was a puzzle whose complex beauty moved them. They invested the heavens with hypotheses, explanations, and metaphors that we call myth. The apparition of a bright comet is a recurring occasion for marvel and speculation, and thus the comets prodded us along, a little at least, as we were finding our way, along the road to consciousness.

		Comets were a kind of psychological projective test—something wholly unfamiliar that you must describe in ordinary language. The Tshi people of Zaire call comets “hair stars,” and the word comet—the same in many modern languages—comes from the Greek word for hair. A comet suggests flowing tresses. To the Chinese, comets were “broom stars,” and much else. In other cultures, they are “tail stars” or “stars with long feathers.” Scientists today still describe comets as having “tails.” To the Tonga, comets are “stars of dust,” which is much closer to the truth. The Aztecs saw them as “smoking stars.” Among the Bantu-Kavirondo, all cometary apparitions are returns of one and the same comet: “There is but one comet, Awori, the feared one, with his pipe.”

		It was hard not to take the comets personally. Nearly everybody did. This tendency to construe each apparition as a telegram to the locals from the gods permeates virtually every cometary record until the sixteenth century. Rarely have so many diverse cultures, all over the planet, agreed so well. In the history of the world, more societies have advocated incest or infanticide than have taught that comets were benign, or even neutral. Everywhere on Earth, with only a few exceptions, comets were harbingers of unwanted change, ill fortune, evil. It was common knowledge.

		In their myths, the tribal peoples of Africa may have preserved something of our original perceptions of comets. To the Masai of East Africa, a comet meant famine; to the Zulu of South Africa, war; to the Eghap of Nigeria, pestilence; to the Djaga of Zaire, specifically small-pox; and to their neighbors, the Luba, the death of a leader. The !Kung of the Upper Omuramba in what is now Namibia were alone in their optimism. They saw the comet as a guarantee of good times ahead. This is such an unusually cheerful interpretation that you might well ask who the !Kung are. (The ! stands for a click you make by touching your tongue to the roof of your mouth at the same instant you say the K. It takes some practice.) They are hunter-gatherers, with a rich culture that is closer to the long-term human norm than almost any other culture today. So you might wonder whether the !Kung knew something about nature—or themselves—that the rest of us have forgotten.

		There is an overwhelming sadness to the literature on comets. With melancholy consistency we discover that disaster has always been a commonplace; that any comet at any time viewed from anywhere on Earth is assured of some tragedy for which it can be held accountable. This connection of comets and misfortune is made in the earliest surviving reference to a comet,* a single Chinese sentence from the fifteenth century B.C.:

		
			When Chieh executed his faithful counselors, a comet appeared.

		

		These words, associating official perfidy and murder with the early stirrings of astronomy, were written two centuries before the birth of Moses. Three hundred years later, another writer noted,

		
			When King Wu-wang waged a punitive war against King Chou, a comet appeared with its tail pointing toward the people of Yin.

		

		The Yinnites were in trouble.

		If there was unanimity that comets caused disasters, there was disagreement as to what to do once you saw one. In Master Tso Ch’iu Miu’s Enlargement of the Spring and Autumn Annals, written between 400 and 250 B.C., there is an entry entitled, “Yen Tsu Argues Against the Use of Prayer in Averting Disaster from Comets”:

		
			In the year [516 B.C.] a comet appeared in the kingdom of Ch’i. The king of Ch’i wished to send his ministers to pray to heaven. Yen Tsu dissuaded the king, saying, “It’s useless. You’re only fooling yourself. Whether heaven will give you a disaster or good fortune is set; it won’t change. How can you expect prayer to change anything? A comet is like a broom: It signals the sweeping away of evil.* If you have not done anything evil, why do you need to pray? If you have done something evil, praying won’t avert disaster. The work of the Ministers of Prayer won’t change fate.”

			The king was delighted to hear this, and ordered the praying stopped.†

		

		A survey of the early history of cometary observation gives the impression that for almost a thousand years everybody except the Chinese went to bed early. The Chinese logged at least 338 separate apparitions from roughly 1400 B.C. to 100. Since 240 B.C. they have missed a return of Halley’s Comet only once, in 164 B.C. Their neighbors, the Koreans and the Japanese, made valuable but far less frequent observations. In the West, nothing approaching systematic observation of comets was in evidence until the fifteenth century.

		In the 1970s, an excavation of the “Number Three Tomb” at Mawangdui, near Changsha, revealed the most impressive example of Chinese priority in this field—an illustrated textbook of cometary forms, painted on silk. Part of a larger work concerning clouds, mirages, halos, and rainbows, it was compiled around 300 B.C. Twenty-nine comets are displayed, classified by their appearance and by the particular brand of mayhem each foretells. Eighteen of the thirty-five different names known in Chinese for comets are given here. The four-tailed comet signifies “disease in the world,” the three-tailed one, “calamity in the state.” A comet with two tails that curve to the right promises a “small war,” although at least “the corn will be plentiful.”

		How long would it take to assemble a catalogue of 29 distinct cometary forms? With 338 separate sightings recorded over 3,000 years in the surviving Chinese annals, the average discovery rate is about one bright naked-eye comet a decade—not too far from current values. If each of the 29 forms appears equally often, you would have to wait 29 × 10 = 290 years to see them all. But some cometary forms are much rarer than others. Thus, if every form depicted corresponds to a different comet, the Mawangdui atlas must have drawn on an earlier continuous tradition of systematic observation which precedes it by many centuries, possibly millennia. Accordingly, this splendid tradition of recording cometary forms must date back to 1500 B.C. or earlier. The earliest written and the earliest graphic representations of comets thus trace back to, or at least through, the same epoch. Perhaps there was an out-of-the-ordinary comet then that commanded their attention.

		Our admiration for the Mawangdui silk is further enhanced when we consider the depictions themselves, which are at least roughly consistent, in a few bold strokes, with modern photographs of the comets. These observers drew what they saw. We have only to compare these images with a European woodcut of the Comet of 1528 (this page) to appreciate their sobriety: no dragons; no devils; no implements of torture. Just comets.

		In surveying the long-standing Chinese absorption with comets, we are reminded of another area in which the Chinese led the way, the invention of fireworks. Might the ancient Chinese have devised skyrockets to adorn the heavens during the long and tedious intervals between comets? Even if rockets and comets were not connected then, they certainly are today (Chapters 6 and 18).

		The ancient Chinese assembled a large, accurate, and detailed body of data on comets. Their catalogues list, for hundreds of apparitions, many of the following pieces of information—a date, the kind of comet, the constellation in which it was first seen, its subsequent motion, its color and apparent length, and how long before it disappeared. Sometimes day-by-day changes in the length of the comet’s tail are recorded. But for all this, they never had an inkling of what comets really were. This was to be wholly an achievement of the West, although it was a long time in coming. Western cometary astronomy prior to the Renaissance is a chronicle of occasional episodes of lucidity—especially in Ionia, Athens, and Rome—punctuating a far longer and more widespread gloom of ignorance, superstition, and delusion.

		The earliest unambiguous references to comets in the West come from what is today Iraq. The few surviving Babylonian fragments remind us of their African and Chinese counterparts. Consider this, from the time of Nebuchadnezzar I, in the twelfth century B.C.:

		
			When a comet reaches the path of the Sun, Gan-ba will be diminished; an uproar will happen twice …

		

		
			Small Arbiter of Human Destiny

			Autumn orchids, luxurious jungle
Spread life below the hall.
Green leaves, white blossoms
A rich and fragrant scent overtakes you.
From every person comes lovely children.
Why then, my Lord, such bitter sorrow?

			Autumn orchids, fresh and lush
Green leaves, purple stem.
The hall is filled with lovely people.
Suddenly alone with me, a meaningful glance.

			He came without a word, went without saying goodbye.
Riding the whirlwind, carrying the cloud banner.
Grief beyond grief are life’s separations.
Joy beyond joy are new friends.

			Lotus garments, sweet basil belt
Suddenly came, hurriedly left.
His evening lodgings, the gods’ frontier.
You wait for whom at the clouds’ edge?

			With your lady, bathe in the Pool of Union.
Dry her hair under the Sun.
I search the sky for my lovely one—why is he not yet here?
Face to the wind, indistinct, I lift up my voice in song.

			Peacock-feather canopy, kingfisher-blue flag
Climb up to the Ninth Heaven, soothe the comet.
Grasping his long sword, he protects and nurtures the young.
My Lord alone is fit to bring justice to mankind.

			—CH’Ü YÜAN (340–278 B.C.)
TRANSLATED BY HEATHER SMITH AND XIE YONG

			Ch’ü Yüan, statesman and one of China’s most beloved ancient poets, committed suicide while in exile by drowning himself in a river. Every May 5, people in China still throw specially prepared rice into the rivers in a symbolic placatory gesture to prevent the fish from devouring his body. In this poem, the comet is both a metaphor for the lost lover and a link to the wise and compassionate god. Many of the seemingly irrelevant images—such as “cloud banner” and “blue flag”—are in reality allusions to the numerous Chinese names for comets.

		

		The diminishment of Gan-ba is bad news, you can be sure. Occasionally, as in this notice from the same time and place, the auspices are favorable:

		
			When a star shines and its brilliance is as bright as the light of day, [when] in its shining it takes a tail like a scorpion, it is a fortunate omen, not for the master of the house, but for the whole land.

		

		A comet bright enough to be seen in the daytime sky must have come very close to the Earth, or the Sun.

		[image: ]

		Chinese comet calligraphy. Translation: Broom Star. Calligraphy by Takako Suzuki.

		
			Record of the World’s Change

			Comets are vile stars. Every time they appear in the south, something happens to wipe out the old and establish the new. Also, when comets appear, whales die. In Sung, Ch’i and later Ch’in times, when a comet appeared in the Constellation of the Big Dipper, all soldiers died in chaos.…

			When a comet appears in the North Star, the emperor is replaced. If it appears in the end of the Big Dipper, everywhere there are uprisings and war continues for several years. If it appears in the bowl of the Dipper, a prince controls the emperor. Gold and gems become worthless. Another explanation: Scoundrels harm nobles. Some leaders appear, causing disturbances. Ministers conspire to rebel against the emperor.…

			When a comet travels north but points south the country has a major calamity. Western neighbors invade and later there are floods. When a comet travels east and points west, there are uprisings in the east.

			 … When a comet appears in the Constellation Virgo, some places are flooded and there is severe famine. People eat each other.… If the comet appears in the Constellation Scorpio, there are uprisings, and the emperor in his palace has many worries. The price of rice goes up. People migrate. There is a plague of locusts.

			 … When a comet appears in the Constellation Andromeda, there are floods and migrations of people. Many rise up and the country is divided by civil war. When a comet appears in the Constellation Pisces there is first drought and later flooding. Rice is expensive. Domesticated animals die and an epidemic strikes the army.

			When a comet travels into the Constellation Taurus, in the middle of the double month,* blood is shed … dead bodies lie on the ground. Within three years the emperor dies and the country is in chaos. When a comet appears in Orion there are major uprisings. Princes and ministers conspire to become emperor. The emperor has many worries. Everywhere there is disaster by war.…

			When a comet appears in the Constellation Hydra, there is war and some conspire to overthrow the emperor. Fish and salt are expensive. The emperor dies. Rice also becomes expensive. There is no emperor in the country. The people hate life and don’t even want to speak of it.

			—RECORD OF THE WORLD’S CHANGE,
LI CH’UN FENG, 602–667,
TRANSLATED BY HEATHER SMITH AND XIE YONG

		

		The confidence with which these ancient astrological pronouncements are made is striking. There is no hedging of bets, no ambiguity, and no curiosity. We never find a confrontation of two contending hypotheses, much less an appeal to observations to decide the issue. Science had not yet been invented.

		In the works of Diodorus of Sicily (ca. 60–21 B.C.) and Lucius Annaeus Seneca of Rome (ca. 4 B.C.–65) there is indirect evidence—or perhaps it is only hearsay—that the Egyptians and Babylonians had devised some scientific understanding of the comets. Diodorus wrote,

		
			As a result of their long observations, they [the Egyptians] have prior knowledge of earthquakes and floods, of the rising of comets, and of all things which the ordinary man looks upon as beyond all finding out.

		

		The annual times of flooding of the Nile Valley were well-known to the ancient Egyptians. From the odd behavior of animals, it is possible —as the modern Chinese have demonstrated—to predict an earthquake early enough to save many lives. But correctly foretelling the apparition of a comet is much more difficult. Maybe someone made a lucky guess.

		[image: ]

		As late as 1528, European perceptions of comets had distinct hallucinatory elements. In this woodcut of the comet of that year, a mélange of decapitated heads and miscellaneous implements of warfare are depicted. The picture was based on the description of this comet by Ambrose Paré. After Amédée Guillemin, The World of Comets (Paris, 1877).

		[image: ]

		A portion of the world’s first cometary atlas, the Mawangdui silk, ca. 300 B.C. Wen wu. “Ma Wang Tui po shu ’T’ien wen ch’i hsiang tsa chan’ nei jung chien shu” and “Ma Wang Tui Han ts’ao po shu chung to hui hsing t’u.” Volume 2, pp. 1–9. (Beijing, Wen wu ch’u pan she, 1978).

		Seneca reports an opinion that the Babylonians believed comets were bodies something like planets. There is no elaboration. We do know that the Egyptians and Babylonians made seminal contributions to mathematics. However, it was in Greece in the fifth century B.C. that curiosity turned away from the supernatural, and first found its world-changing means of expression: science.

		Everything we know of the inventors of this new way of thinking comes to us secondhand. Democritus (born around 460 B.C. and believed to have lived to a very old age) wrote at least seventy works, all of which have been destroyed or lost. Our knowledge of Democritus comes mostly from Aristotle (384–322 B.C.), who held him in high regard and disagreed with virtually everything he had to say. We are told that Democritus believed comets to be produced when one “star” passed near to another. It is unclear whether he held comets to be actual celestial bodies, as the Pythagoreans did. More likely he thought the effect was visual, an optical illusion.

		Aristotle believed he could disprove this hypothesis by noting that in his time Jupiter had come close to a star in the constellation Gemini, and had not produced a comet. But Aristotle did not know that the star was light-years behind the planet, and that only from our perspective were they passing “near” one another. Aristotle’s argument appealed to observation, not myth or conventional wisdom. The debate was scientific.

		Aristotle had other reasons for believing that comets could not live among the planets, reasons again based partly on observation. He framed a supportable scientific hypothesis, which went something like this: The zodiac is the succession of constellations, many named after animals, through which over the months and years the planets, the Sun, and the Moon move. (During daylight, you can’t see what constellation the Sun is in, of course, but with a star map near twilight or dawn you can tell.) The zodiac runs all the way around the sky at an angle to the horizon. For all our ancestors knew, the planets, the Moon, and the Sun might, over the course of a lifetime, wander through every constellation in the sky. Since this does not happen, all the planets must lie very nearly in the same plane. In contrast, comets are observed to travel sometimes within, but sometimes well outside the zodiac. Furthermore, unlike planets, comets change their forms in a few days, before the eyes of the observers. Thus comets could have nothing in common with planets. They must be sublunary, beneath the Moon—that is, within the Earth’s atmosphere. (Aristotle thought the Moon represented the farthest reach of the atmosphere.) The conclusion was clear: Comets were a form of weather. Although there was some debate early on, this view held sway for two thousand years.

		All of Aristotle’s astronomy was predicated on his deep conviction that the heavens were “free from disturbance, change and external influence …” He believed that the Earth was absolutely stationary in space—as if nailed down. The heavens, on the other hand, were whipping around the Earth at the brisk rate of a rotation a day. The bottom of the atmosphere clearly is stationary with the Earth. But the top of the atmosphere must share the sky’s rotation. Now, imagine an exhalation of hot, dry gas from the Earth—perhaps through a fissure, a crevice, or a volcano. That gas will rise and, when reaching the sky, be heated by the Sun and, he thought, burst into flame. But since the burning gas has reached the realm of the heavens, it must now move with the stars and the planets. This was Aristotle’s explanation of the comets. And—given the limitations of the science of his day—it was far from foolish.

		He taught that the aurora borealis and even shooting stars were examples of the same sort—exhalations from the interior of the Earth rising to the stars. Comets survive, he taught, until all the gas had burst into flame. New comets were due to new exhalations. There was thus a balance or steady state between the production and the destruction of visible comets, an idea still central to understanding them. Aristotle held that there are so few comets because most of the flammable vapors outgassed by the Earth were otherwise employed—in producing the continuous band of fire called the Milky Way. In contrast, Democritus had concluded that the Milky Way is composed of an enormous number of stars, so far away that we cannot see them individually—exactly the right answer.

		Underlying Aristotle’s scientific arguments was a quasi-religious doctrine: He was forced to concoct a terrestrial source for the comets, since he had locked them out of his changeless skies, decreeing that no new celestial bodies may be born, and no old ones die. His insistence on the immutability of the heavens was the most influential error in the history of astronomy, contributing to a detour from reality that lasted nearly two millennia. But Aristotle cannot be held fully accountable for the acceptance accorded his opinions by succeeding generations.

		Seneca, born in Cordoba, Spain, to a wealthy and famous family, was a contemporary of Jesus, although the two never met. His brother, though, was an acquaintance of Saint Paul. As a young man, Seneca went to Rome, where he studied grammar, rhetoric, law, and philosophy. He enjoyed a substantial reputation as writer and orator until the year 41, when he was banished to Corsica for sleeping with Caligula’s sister. Considering this emperor’s predilection for cruelty, the punishment was mild. Seneca spent his years of exile writing and studying philosophy and natural science; astronomy was among his pursuits.

		In the year 49, he was recalled to Rome to teach. As a tutor, his success was mixed, his only pupil being the future emperor Nero. When at the age of seventeen Nero was raised to the purple, Seneca became political adviser to the emperor and minister of state. For the next eight years, Seneca and Sextus Afranius Burrus, the commander of the Praetorian Guard, ran the Roman Empire. By all accounts they performed well, fostering fiscal and judicial reforms and somewhat easing the lot of the slaves. But Nero grew more tyrannical, Burrus died—perhaps of foul play—and Seneca’s political power withered. He withdrew from public life, and wrote some of his most celebrated works until, in the year 65, he received an imperial command to commit suicide for his alleged involvement in a conspiracy against the Empire. He died with courage and composure.

		Seneca left works on many subjects, but it is his Natural Questions, written during the last years of his life, that concerns us here. The seventh “book” is entitled “Comets,” and Seneca does the subject considerable justice, taking on Aristotle with some success. He argues that comets could not be atmospheric disturbances: they move with stately regularity and are not dissipated when the wind is blowing. Thus, “I do not think that a comet is just a sudden fire, but that it is among the eternal works of nature.” In refuting Aristotle’s argument that comets cannot be planets since they are not restricted to the zodiac, Seneca asks, faintly echoing the Book of Job:

		
			Who places one boundary for planets? Who confines divine things in a narrow space? [The planets] … have orbits that are different from one another. Why, then, should there not be other stars which have entered on their own route far removed from them? What reason is there that in some part or other of the sky there should not be a passageway?

		

		To the objection that stars can be seen through comets, so comets must be incorporeal and cloudlike, Seneca replies correctly that the transparency applies only to the tail, not necessarily to the head.

		One of the most fascinating passages is Seneca’s exposition and critique of the views of one Apollonius of Myndos, an otherwise unknown Greek scholar from the fourth century B.C.:

		
			 … Many comets are planets … a celestial body on its own, like the Sun and the Moon. It has a distinct shape … not limited to a disk, but extended and elongated lengthwise.… A comet cuts through the upper regions of the universe and then finally becomes visible when it reaches the lowest point of its orbit.… Comets are many and various, different in size, unlike in color.… Some are bloody, menacing—they carry before them the omen of bloodshed to come. Others diminish and increase their light, just as the other stars [planets] do which are brighter and larger when they descend because they are seen from a closer position, and are smaller and dimmer when they recede because they are withdrawing far away.

		

		Except for the business of comets as omens, Apollonius’ views—which Seneca shares and extends—seem astonishingly modern.

		In “Comets,” Seneca’s style is so direct that you have no difficulty hearing his voice speaking inside your head. “We can only investigate these things,” he tells you, “and grope in the dark with hypotheses, not with the assurance of discovering the truth, and yet not without hope.” He continues,

		
			Many things that are unknown to us the people of a coming age will know. Many discoveries are reserved for ages still to come.… Nature does not reveal her mysteries once and for all. We believe we are her initiates, but we are only hanging around the forecourt.

		

		And the loiterers in the temple forecourt were dwindling. Seneca laments what he saw in his time as a waning of “interest in philosophy. Accordingly, so little is found out from these subjects which the ancients left partially investigated, that many things which were discovered are being forgotten.” For good reason, he surmised a growing intellectual lassitude in his world. His reliance on reason, his willingness to decide between alternatives on the basis of objective evidence, stand in marked contrast to the approach of the next generation—of Lucan (39–65), for example, Seneca’s own nephew, who wrote: “The heavens appeared on fire, flaming torches traversed in all directions the depths of space; a comet, that fearful star which overthrows the powers of the Earth, showed its horrid hair.” Or consider the view of Seneca’s contemporary, the naturalist Pliny the Elder (23/24–79):

		
			A fearful star is the comet, and not easily appeased, as appeared in the late civil troubles when Octavius was Consul; a second time by the … war of Pompey and Caesar; and, in our own time, when, Claudius Caesar having been poisoned, the empire was left to Domitian, in whose reign there appeared a blazing comet.

		

		Lucan and Pliny were the wave of the future.

		Josephus mentions in his History of the Jews that a “sword” hung over Jerusalem for a whole year, foretelling the destruction of the city in the reign of the Emperor Vespasian. This is probably a reference to the apparition in the year 66 of Halley’s Comet. But how could a natural object hang over a city for a year? The Earth turns. A comet would rise and set with the stars, and surely cannot be described as “hanging” over any place on the Earth’s surface. Meteors streak and vanish in an instant, planets cannot look like a sword, the aurora borealis is too far north, and even an artificial satellite cannot hover over nonequatorial Jerusalem. Barring a miracle, Josephus’ hanging sword—unrecorded by any other chronicler of the time—must, along with other matters in his chronicle, be considered skeptically.

		As classical learning dwindled over the centuries, the triumph of superstition was symbolized by the deaths of two emperors. The comet of the year 79 was said to portend the death of the Emperor Vespasian, who had already found himself involved with cometary portent. Although a shameless contriver of divine omens to justify and authenticate his seizure of the empire, Vespasian in this case expressed a healthy skepticism. “That hairy star does not portend evil to me,” he said. “It menaces, rather, the King of the Parthians,” his longtime adversary. “He is a hairy man,” Vespasian explained, “I am bald.” His skepticism did not save him, though, and he died the same year. By the early Middle Ages, the association of comets with the deaths of princes was so deeply ingrained that when a ruler died and nothing untoward was seen—as was the case at the death of Charlemagne in 814—a fiery apparition, otherwise invisible, was generally acknowledged to be blazing in the skies: the Emperor’s new comet.

		You steep yourself in the cometary discourse of the whole of the Middle Ages, and you cannot find anyone within shouting distance of Democritus, Apollonius, Aristotle, or Seneca. The medieval treatises are full of divination and portent, omen and blood, mysticism and superstition, with hardly ever, even as a passing thought, the view that comets might be just a part of nature, and not a warning to the wayward. Even the historian Isidor, Bishop of Seville (602–636), who denounced astrology and astrologers, believed that comets presaged “revelations, wars, and pestilence.” For more than a millennium there was no dissenting opinion, and even the occasional attempt at purely factual statements—as the announcement by the Venerable Bede (673–735) that comets are never seen in the western sky—were often wholly in error on straightforward matters of observation.

		So, when the Renaissance and the Enlightenment finally came, a new breed of scholars arose who were predisposed to hold the Church responsible for superstition and ignorance—about comets, and many other matters. Callixtus III was a Spanish-born Borgia, untainted by scandal, who was made Pope in 1455 at the age of seventy-seven. It was the obsession of the end of his life to recover Constantinople from the Turks, the adversary ideologies of the time being as fervent and narrow as the Cold War struggle in our own day between capitalism and communism. Each side confidently called upon the One True God, and publicly proclaimed the inevitability of victory.

		[image: ]

		A woodcut printed in Nuremberg of the comet of 1556 and the accompanying earthquake in Constantinople. From The Nuremberg Chronicle (1493). Courtesy Ruth S. Freitag, Library of Congress.
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		The Comet of 1066 as depicted on the Bayeux Tapestry, which was completed soon after this apparition. King Harold of England, about to be overthrown by the Norman invaders, wonders whether to heed the portent. Crowds of onlookers (left) admire the comet. Courtesy International Halley Watch.

		In 1456, a great comet appeared in European as well as in Chinese skies. Once detected, the comet seems to have struck real terror in beleaguered Christendom. We know today, as Callixtus and his contemporaries did not, that what they were seeing was the periodic return of Halley’s Comet. Callixtus was convinced, so the story goes, that the visitor was an evil omen, somehow allied with the Turkish cause; accordingly, he excommunicated it, ordering this heartfelt plea inserted into the Ave Maria: “From the Devil, the Turk, and the Comet, Good Lord, deliver us.”

		According to many accounts, Callixtus sent 40,000 defenders to Belgrade, a city under Christian control besieged by the Turks, where, on August 6, 1456, with Halley’s Comet hanging overhead, a great battle was fought which lasted two days. A later historian described the battle in these words: “The Franciscans, unarmed, crucifix in hand, were in the front rank, invoking the papal exorcism against the comet, and turning upon the enemy that heavenly wrath of which none in those times dared doubt.” The armies of Mohammed II were repulsed, and both the comet and the Turks retreated. (The Turks composed memorable images of the comet, of which a particularly lovely example can be seen on this page, second from the bottom on right.) Constantinople was never recovered by the Christians.

		One astronomical writer after another has quoted this account of the evenhanded anathematization of Turk and comet, and yet there is no record of such a prayer or curse in the Vatican archives, and no evidence that Callixtus
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