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PREFACE

GHOSTLY APPARITIONS IN THE NIGHT

I had watched a dozen comets, hitherto unknown, slowly creep across the sky as each one signed its sweeping flourish in the guest book of the Sun.

—LESLIE C. PELTIER, STARLIGHT NIGHTS , 19651

C OMETS ARE LIKE CATS: they have tails, and they do precisely what they want. This book tells the story of comets, from their origins at the start of our solar system to Comet Hale-Bopp, which so many of us recently saw. The book is designed to tell that story by bringing together, in a simple, brief, and interesting way, the diverse subjects of comets, life, and impacts. The story of comets is a story of beautiful ghostly apparitions. It is also a narrative of wanton destruction and of the dawn of life.

Comets also are messengers. One of the hottest science stories of the century began on the icy wastelands of Antarctica at the end of 1984, when a group of young scientists riding a snowmobile found a meteorite. That rock, it turned out, was an emissary from Mars that had come here to stay. Blasted out of the Martian rock by the crash of a comet or an asteroid perhaps a billion years ago, the rock traveled lazily about the Sun as ages passed before striking the Earth, bringing with it evidence that simple life forms might have once inhabited Mars. The tale of that rock and all its scientific implications brings us to ponder what else comets have brought us through the ages and ultimately leads to the story of the life and death cycles of planet Earth.

When Comet Hale-Bopp swung around the Sun in the spring of 1997, its bridal-veil appearance on the world stage attracted the attention of millions. One night, I walked outside a hotel to see groups of people huddled in the parking lot, pointing out the comet. Another evening, two somewhat inebriated people looked at me, then at the sky to point out “Comet Halley-Bobb.” Whatever you call it, the Great Cornet of 1997 put on a spectacular performance. Newsweek’s cover story pointed out that when it last appeared, around 2400 B.C., the pyramids of Egypt were relatively new. Although we do not know the comet’s last orbit with such a degree of accuracy, the magazine’s point was unerring: Hale-Bopp last viewed a very different picture of civilization on planet Earth.

The big comet’s 1997 visit was an unsettled time on Earth, but for thirty-nine troubled souls it was deadly. On a cold spring morning, the members of San Diego’s Heaven’s Gate cult, believing that the comet offered them a journey to a new life, committed suicide. I was stunned when I heard this news. For me, comets are beautiful things, and searching for them is a happy task that I have done for more than thirty years. The idea that a comet would be associated with death does not make sense to me, but it did throughout most of the history of civilization. The famous illustration of a group of terrified soldiers gazing at Halley’s comet just before the Battle of Hastings in 1066, preserved on the tapestry in a church in Bayeux, France, drives home humanity’s perception that comets are omens of disaster. The word “disaster” was, in fact, made to show this role: it comes from the Greek “bad star.”

Comets have had a bad rap for thousands of years, and it is only in the last two hundred years that science has been able to rehabilitate them. Instead of arriving on courses that would bring terrible calamity to some prince on Earth, they now circumnavigate the solar system following paths we call orbits. In 1979, one of the most astonishing stories in the history of science began as Walter and Luis Alvarez noticed, in a layer of Italian rock that dated back to the time of the elimination of the dinosaurs, the first evidence of cosmic impact. They proposed the revolutionary idea that a body from space collided with Earth, causing a mass extinction 65 million years ago. In 1991, a hundred-mile-wide impact crater was discovered, buried under Mexico’s Yucatán Peninsula, that confirmed, or at least validated, their thesis. Was it possible that comets do not predict disaster, but that they actually cause disaster?

The discovery that three-quarters of the species of life on this planet, including the dinosaurs, might have been extinguished by a single strike from space brought home to the scientific community the idea that impacts played a role in the course of life on Earth. But an event was about to take place that would bring the new evidence of impacts to front pages all over the world. In the summer of 1994, a train of shattered remnants of Comet Shoemaker-Levy 9 slammed into Jupiter, the solar system’s largest planet. It was the greatest explosion ever seen in our solar system. For several months after the collisions, dark clouds the size of Earth persisted over the impact sites. These strikes vividly displayed the awesome force that Nature can bring to bear in a comet crash. Suddenly, we had new ideas about our planetary heritage. The Earth has been struck by comets, and these collisions made drastic changes in the shape of life here.

There’s more to this story. In 1986, a flotilla of spacecraft found carbon, hydrogen, oxygen, and nitrogen in Halley’s comet—the building blocks of life—in virtually identical amounts to their existence in humans. Is it likely that when comets struck the primordial Earth, they brought the materials that made life possible?

Comets: Creators and Destroyers tells the story of comets from this new perspective. Gossamer travelers that visit our sky from time to time, these flying balls of ice and dust have shaped the course of life on Earth. In a special sense, we are the children of comets.


CHAPTER ONE
FROM DUST TO DUST 

—I am like a slip of comet,
Scarce worth discovery, in some corner seen
Bridging the slender difference of two stars,
Come out of space, or suddenly engender’d
By heady elements, for no man knows:
But when she sights the sun she grows and sizes
And spins her skirts out, while her central star
Shakes its cocooning mists; and so she comes
To fields of light; millions of travelling rays
Pierce her; she hangs upon the flame-cased sun,
And sucks the light as full as Gideon’s fleece:
But then her tether calls her; she falls off,
And as she dwindles shreds her smock of gold
Amidst the sistering planets, till she comes
To single Saturn, last and solitary;
And then goes out into the cavernous dark.
So I go out: my little sweet is done:
I have drawn heat from this contagious sun:
To not ungentle death now forth I run.

—GERARD MANLEY HOPKINS, ENGLISH POET AND JESUIT PRIEST, AFTER OBSERVING TEMPEL’S COMET IN 18641

I MAGINE A PACKAGE OF rock and ice, a small world lost in the depths of space far beyond Pluto. No larger than a village, this world, which we call a comet, moves lazily around the Sun, which is so far away that it appears only as a bright star in its black sky. Suddenly, something—maybe a passing star—causes it to shift. Instead of moving around the Sun, the ball of rock and ice now moves in a new orbit that takes it closer to the solar system’s central star. Over hundreds of thousands of years, the Sun brightens as the comet gets closer, passing Pluto and Neptune as it works its way inward. Jupiter’s mighty clouds and storms beckon, but it ignores them in its relentless push toward warmth and the Sun.

Not long after it passes Jupiter, the Sun’s rays start their slow work on the body’s ices. One by one, they heat and turn directly into gases. After a period of quiet lasting the comet’s entire lifetime of 4.5 billion years, the comet awakens, throws off its covers, and, like a peacock, spreads its material into space. Now surrounded by a cloud of gases and dust we call a coma, it forges ahead toward Mars, Earth, and Sun.

A BRAVE NEW WORLD

On Earth, it is May 20, 1990, and after giving a lecture about comet hunting to a group of visitors, I head home to my backyard observatory. Although the darkness of the predawn sky is lessened by a last quarter moon, I decide to begin searching for comets. Turning off white lights andswitching on red ones, so that my eyes will adapt to the darkness outside, I walk into the yard. There I have a garden shed that I had made into an observatory some years earlier.
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Tucson’s two-hundred-year-old San Xavier mission must have seen several magnificent comets. Painting by James V. Scotti.

Out in the garden shed observatory that morning, I grab a handle and give a shove. Slowly, the big roof starts moving, and a minute later, the observatory is open to the sky and I begin a slow search through the eastern sky sweep with Miranda, my sixteen-inch-diameter reflecting telescope named after the Shakespearean character who spoke of a “brave new world.” Swinging the telescope north to keep as far from the Moon as possible, I “sweep” through the constellation of Andromeda, past the bright star Alpheratz, and on into the four-cornered figure of Pegasus, the winged horse.

Not far from that bright star, my telescope stops as a soft, fuzzy patch of light enters the field of view. I check several atlases of the sky, but none suggests that any fuzzy spot belongs in that lonely area. By now it is dawn, and my observing has ended. Twenty-four hours later, I look again. The “spot” is in a different position—it has moved! I have found a new comet—the holy grail of an observer. Now certain that the comet is a new one, I report it to the International Astronomical Union, which maintains a clearinghouse for discoveries called the Central Bureau for Astronomical Telegrams. After more than 4 billion years of anonymity, the new world is finally announced.

By early July of 1990, the new comet is experiencing the full warmth of the Sun. As it crosses the summer Milky Way, it grows a graceful tail as its ionized gas and dust particles escape.

GHOSTLY APPARITIONS

Comets first came to me one bright afternoon in the late 195Os. Just as our Hebrew school class was about to start, I lazily looked out the window and saw what seemed to be a comet hanging in the western sky, its bright tail calling our attention. The other children teased me as I wondered aloud how we would report this wondrous apparition. It couldn’t have been a comet, though: the two major comets during the 1950s both appeared in 1957, and neither was bright enough to be seen clearly in daylight. My childhood comet was probably the vapor trail of an airplane, or a high cloud.

Had I brought the sighting to the attention of my Hebrew teacher, he might have told us of a passage from the first book of Chronicles. It describes what could be a comet that appeared over Jerusalem during the time of King David. The biblical passage is read every year at the Passover seder:

And David lifted up his eyes, and saw the angel of the Lord standing between the earth and the heaven, having a drawn sword in his hand stretched out over Jerusalem. 2

Could a sword in the sky be a comet? We do know that the ancient Hebrews, like their Arabic neighbors, enjoyed looking at the night sky and sought meaning among its many stars and events. A bright comet appearing once every two decades or so, would have attracted their attention as much then as now.

Despite the fact that I had never seen a comet, when I had to choose a topic for a sixth-grade public-speaking exercise in 1960, I chose comets. It was the first time I had ever given a speech in front of a group of people, and I was uneasy. I committed to memory every fact about comets that I could lay my hands on, but on speech day I was so nervous that I held a blank sheet of paper in front of me so I wouldn’t have to look at my classmates.

The speech was a three-minute summary of what we understood about comets in 1960. Comets, I said, are large “dirty snowballs,” balls of ices and dust, and they travel around the Sun in wide, looping paths, or orbits. The most famous, I said, was Halley’s comet, which loops around the Sun every seventy-six years. Traveling all the way to a place beyond Neptune, the lonely comet then heads toward the Sun. Back in 1960, Halley’s next visit in 1986 seemed a very long time in the future. I might have added that comets get discovered by people who, with small telescopes and perseverance, seek for them in the night sky.
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Comet Hale-Bopp, photographed by Jean Mueller on March 5, 1997. The observatory dome houses Palomar’s forty-eight-inch-diameter Oschin Schmidt telescope.

The speech was pretty well received by my classmates. Sitting in the back, our teacher commented, “Nice speech, Levy. Can I see your notes?” Embarrassed, I looked down at the blank sheet of paper and the class broke out in laughter.

DIRTY SNOWBALLS IN THE NIGHT

Although I wasn’t aware of it at the time, our understanding of comets had undergone a major change in the few years preceding my speech. Before 1950, comets were thought of as giant clumps of sand. That was the year that Fred Lawrence Whipple, an astronomer at Harvard, completed a study that seemed at first to be rather arcane. It concerned the little dust particles left in the wake of comets. We see those particles every night of the year; when they fall into our atmosphere, they heat the surrounding air until it glows. The result is a meteor.

For more than a century, astronomers have known that these meteor streams are the debris of comets. The dust particles are expelled from the comet as it rounds the Sun, and then travel independently around the Sun. Because they collide with each other, these particles do not stay in their cometary orbits for very long. Within a million years, most of them would spiral into the Sun.

The problem, Whipple perceived, is if comets were simply flying sandbanks, they would not be able to replenish the supply of meteors that had vanished as they fell into the Sun. Whipple proposed that a comet is a vast storehouse of ices, several miles in diameter, mixed with dust. When the comet is far from the Sun, the comet is inert. But as it nears the Sun and warms, the ices sublimate, or turn into gases, which leave the comet with explosive force. When this happens, particles of dust by the millions spread out into space.3

WHERE DO COMETS COME FROM?

For almost all of its life, a comet roams through the blackness of space far from Earth and Sun. One of the darkest masses of material possible, the black snowball is all but invisible. The solar system contains two major storehouses of comets. Both were proposed independently around the same time that Whipple was defining the structure and composition of comets. One lies in a belt beyond the orbit of Neptune. It includes the planet Pluto, and several observed comets of large size, more than one hundred miles across. The belt is named after Gerard Kuiper, a Dutch planetary scientist who spent most of his career at the University of Arizona in Tucson. The other repository, the ancestral home of Comet Levy, which I found in 1990, is an enormous sphere several trillion miles out. Called the Oort cloud, for Dutch astronomer Jan Oort, this sphere completely circumscribes the solar system.

The Oort cloud is the result of a long game of interplanetary pinball. The youthful solar system was filled with comets—in Earth’s primordial sky there must have been dozens of bright comets at a time. Some of the comets collided with the planets. Others made close passes by planets, using their gravity to swing off into new orbits that would eventually land them near other planets. As the largest planet, Jupiter was the clear winner in this game. A comet swinging by Jupiter would get a gravitational hurl that would send the comet either out of the solar system forever, or off into the growing Oort cloud. Within about 500 million years of the solar system’s birth, the pinball game was all but over, its supply of cometary materials exhausted. As we saw with the collision of Comet Shoemaker-Levy 9 with Jupiter in 1994, the process continues even today, but at a far more leisurely rate.

HOW FAST DO COMETS TRAVEL?

Most comets move much faster than the Earth’s velocity around the Sun, which is about eighteen miles per second. Halley’s comet makes a wide loop every seventy-six years. Its farthest point from the Sun is beyond Neptune. When it is that far out, it parades through space very slowly; an airplane could probably keep up with it. As the comet moves in, it picks up speed. By the time it passes the Earth, it is sprinting along at close to forty miles per second.

HOW FAR DO COMETS GO?

To answer this question, we need to understand that comets, like people, cluster in families that are defined by their orbits. The best known is the Jupiter family, which consists of comets that have been so influenced by Jupiter’s gravity that their orbits are related to that of the giant planet. In October 1990, Gene and Carolyn Shoemaker and I discovered an object that we thought was an asteroid. It looked like a faint star, and had no coma or tail. We observed it on several nights, reporting the positions to astronomer Brian Marsden in Cambridge, Massachusetts. When Marsden calculated an orbit for the asteroid he designated 1990 UL3, he was surprised to plot the object’s moving from the vicinity of the Earth almost to the orbit of Jupiter, and back again in a period of several years. Its orbit was typical of a Jupiter-family comet, not an asteroid. He asked us to check the object’s appearance. A careful look at the discovery films, taken through the eighteen-inch-diameter camera at Palomar Observatory in the mountains north of San Diego, still showed a starlike object. As a further check, astronomer Steve Larson and I pointed a much larger telescope—a sixty-one-inch-diameter reflector atop the Catalina Mountains north of Tucson—toward the object, then took a series of five-minute-long exposures. When we looked at the computerized results, near the bottom of the field dense with stars was our object—with a faint tail forty thousand miles long!
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Comet Hale-Bopp, photographed on April 7,1997, using an F3.5135mm lens and equatorial tracking drive. Photo by Bob and Sue Liefeld.

The next day, the Central Bureau issued an announcement that asteroid 1990 UL3 was now Periodic Comet Shoemaker-Levy 2. The comet had given its identity away because its orbit was typical of a Jupiter-family comet. Comets in this family revolve about the Sun in periods averaging six or seven years. The fastest-orbiting comet is Encke, which races around in three and onethird years. Some Jupiter-family comets take much longer, heading out into the outer solar system. Halley’s comet, the best-known member of the Jupiter family, has a seventy-six-year orbit.

Tethered to the Sun over periods of thousands of years are comets like Hale-Bopp, and the Great Comet of 1811. These comets travel incredible distances beyond the planets. The Comet of 1811 was visible to the naked eye for ten months. By December, the comet had a tail that covered almost a quarter of the sky. The comet was even credited with the coincidentally ultrafine wines from that year. I believe that the Comet of 1811 helped to inspire John Keats to compare the thrill of discovering a new work of literature to that of finding a new world. If this is true, then that long-departed comet, traveling to the very edge of the solar system and back in thousands of years, also traveled far enough to bridge the gap between science and poetry:

Much have I traveled in the realms of gold,
And many goodly states and kingdoms seen;
Round many western islands have I been
Which bards in fealty to Apollo hold.
Oft of one wide expanse had I been told
That deep-brow’d Homer ruled as his demesne;
Yet did I never breathe its pure serene
Till I heard Chapman speak out loud and bold:
Then felt I like some watcher of the skies
When a new planet swims into his ken;
Or like stout Cortez when with eagle eyes
He stared at the Pacific—and all his men
Looked at each other with a wild surmise—
Silent, upon a peak in Darien. 4

WHAT ARE ASTEROIDS?

Also called minor planets, asteroids are small, rocky bodies that orbit the Sun. The vast majority of the more than ten thousand known asteroids orbit the Sun between Mars and Jupiter, and are probably the remains of a planet near Jupiter that could never form because of the interference from Jupiter’s gravity.

But not all asteroids orbit within the main belt between Mars and Jupiter. So many asteroids crowd the belt that there are inevitable collisions that send newly formed fragments on orbits that take them virtually anywhere. Some fifty thousand years ago, one of these asteroids, as big as a large room, slammed into an area now part of northern Arizona. This danger of asteroids and comets hitting Earth will be explored later in our story.

HOW DO ASTEROIDS DIFFER FROM COMETS?

From the point of view of an observer with a telescope, there is a simple way to tell the difference between an asteroid and a comet. Both types of worlds move among the starry background of the sky. As the Greek version of their name implies, asteroids look like starry points of light in a telescope. Comets, or long-haired stars, are moving spots of haze. Surrounded by hundreds of thousands of miles of escaping dust and gas, comets have a very distinctive appearance. If it’s fuzzy and moving, it’s a comet.

What happens when a comet is far from the Sun, and has no coma or tail? All that is left is the several-mile-wide “dirty snowball” of a nucleus. After a comet has made many trips around the Sun, it develops a crust. Eventually, the crust locks its volatile materials inside. Such comets look and behave like asteroids, and when someone discovers one, it is considered an asteroid until it displays the telltale coma or tail that defines a comet.

WHAT IS A METEOR?

Commonly described as a falling star, a meteor is not a star that has fallen out of the sky. After you see a meteor, there is not an empty space in the sky where a star used to be. A meteor is caused by a piece of dust, probably no larger than a grain of sand, that has entered the Earth’s atmosphere. Friction with the air causes the grain to vaporize in a flash of light, and it is this light—not the tiny particle—that we see as a meteor.

Meteors are the rubble from comets, dust particles left off usually thousands of years before we see them appear like “shooting stars.” As the Earth goes through its annual orbit of the Sun, it encounters streams of these particles. We call those encounters meteor showers. The most famous of these annual storms are the Perseids, which peak on August 12 each year. In early November, Earth cascades through a much weaker meteor stream called the Taurids. Twice each year, in May and October, we pass through the meteor stream from Halley’s comet.

IS THE EARTH BEING PELTED BY A RAIN OF MICROCOMETS?

In the spring of 1997, a remarkable story hit the national news. NASA’s POLAR satellite, launched to study the uppermost reaches of Earth’s atmosphere, was recording hundreds of streaks that look like fiery trails of something entering the Earth’s atmosphere. What could these streaks mean? If astronomer Lou Frank of the University of Iowa is correct POLAR is recording a rain of microcomets. His theory suggests that unlike village-sized regular comets, which are composed of ices and dust, these new objects, the size of mountain cabins, are made entirely of water ice.
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The sky is full of tiny meteoroids the size of grains of sand. In this photograph taken on July 21, 1962, Tim Hunter captured the American Echo 1 satellite. It was a monstrous balloon the size of a multistory building, and therefore a prime target for impacts by meteoroids. Notice how the streak of light, which shows Echo orbiting the Earth, is not even in brightness. The fainter parts of the trail occur because parts of the satellite have been deflated by meteoroid impacts.



Despite the heavy news play that this find generated, most astronomers doubt that the microcomets explain what the satellite observed. With so many of these things flying around, how come no one, from observant sky watchers on the ground to astronauts in space, has ever seen one? Even more important, if so many of these objects break up high above the Earth when they first encounter Earth’s atmosphere, then many others should strike the Moon, which has no atmosphere. The Moon’s surface should consequently be a skating rink paved with ice! Moreover, the seismometers left on the Moon from the Apollo years should have detected many impacts. The evidence, on both counts, does not support the idea.

If the microcomet theory does not hold water, so to speak, what is causing the images that POLAR sees? Can they be image defects, or leaks from the spacecraft? No one doubts that the craft is recording some phenomenon. But until more evidence is forthcoming, most scientists will consider the rain of microcomets more shimmer than shower.

WHAT DO COMETS HAVE TO DO WITH LIFE?

One of this book’s major goals is to show the relationship between comets and the pageant of life on Earth. That relationship begins with an observation made of Halley’s comet in 1986, when a spacecraft observed particles of carbon, hydrogen, oxygen, and nitrogen in almost identical proportions to their presence in us. C, H, O, and N, one scientist explains, make up the simple alphabet of life. It seems that the basis for life does exist in comets far more readily than it did in the early Earth, where temperatures were so high that any organic substances would have been vaporized. But temperatures never rose so high in the outer reaches of the solar system, where many comets waited out the formation of the planets. As the Earth cooled, comets delivered these substances as they collided with our planet.

There is a second side of the story of comets and life. The act of a collision between a comet and the Earth, as we shall see in chapter 5, is so violent that mass extinctions do result. Sixty-five million years ago, a comet collision set off an earthquake of magnitude 12 or greater, felt probably around the world. But what it set in motion was much worse. Secondary impacts of material wreaked havoc all over the world, an Earth-encompassing cloud sent temperatures plummeting, rain drenched with sulfuric acid pelted the ground: all this helped turn the Earth into a wasteland within a few weeks of the impact. It is not surprising that a mass extinction occurred.

HOW ARE COMETS DISCOVERED?

On November 14, 1680, Gottfried Kirch detected a new comet, becoming on that day the first person to discover a comet using a telescope. By the end of that year, the comet became bright enough to be seen at noon as it completed its hairpin turn around the Sun. Although other astronomers had found comets accidentally after that, it was Charles Messier’s discovery of a comet eighty years later that was the first found as part of a deliberate search.

By 1770, having discovered several comets in this way, the French astronomer had become so famous that Louis XV called him the ferret of comets, and he was awarded a pension from his friend President Jean Baptiste de Saron of the Paris Parliament. De Saron was a man versed in comet orbit calculation, as well as in politics. But with the onset of the French Revolution, Messier was forced to leave the observatory in Paris. In the evening of September 27,1793, Messier found a comet in Ophiuchus. As he had done so many times before, he informed his friend de Saron, who attempted to calculate an orbit using the positions Messier supplied. The comet was visible only briefly before it sank into the evening twilight.

However, by this time, de Saron was no longer president of the Paris Parliament. Accused as an enemy of reform, he was in prison awaiting execution. It is hard to imagine how de Saron could have cared about comet orbits when he was about to forfeit his head, but he did manage to calculate, from his prison cell, an orbit for Messier’s comet. If de Saron’s orbit was correct, the comet would move closer to the Sun, then swing away and reappear in the morning sky. On December 29, Messier searched the eastern sky and found his comet close to the position de Saron had predicted for it. Messier wrote of de Saron’s last success and hid his note in a newspaper, which he was able to smuggle to the prisoner. On April 20, 1794, just three months before the end of Robespierre’s Reign of Terror, de Saron was guillotined. Although Messier survived, his pension was gone, and the acclaimed astronomer was virtually penniless.

Messier’s difficult life set an example for comet hunters to follow. In a sense, it is the world’s slowest sport, in which scores are measured not in afternoons but in lifetimes. Messier’s achievement of twelve comet finds has been the envy of searchers for the last two hundred years.

The key to a successful comet search is perseverance. Although some observers, like Alan Hale and Tom Bopp, do find comets by accident, most observers average some two hundred hours of search time for each comet they find. After I began searching in 1965, I spent more than 917 hours before I found my first comet nineteen years later in 1984.

Although comets may appear anywhere in the sky, the brightest ones usually are found within 90 degrees of the Sun—a quarter of the way around the sky. The evening sky in the west is often a productive area to search in the week after full Moon, as is the eastern sky in the morning around the time of new Moon.

OEBPS/images/img01_027.png





OEBPS/images/img01_003.png
COMETS

CREATORS AND DESTROYERS

DAVID H. LEVY






OEBPS/images/img01_020.png





OEBPS/images/img01_031.png





OEBPS/images/img01_001.png





OEBPS/images/img01_023.png






OEBPS/images/9781439136898_ci_std.jpg
COMETS

CREATORS AND DESTROYERS

DAVID H. LEVY

A TOUCHSTONE BOOK
Published by Simon & Schuster








