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The desire of the moth for the star,

Of the night for the morrow,

The devotion to something afar

From the sphere of our sorrow.

SHELLEY




Foreword: To Readers and Teachers

THE STORY BEHIND FIRST LIGHT

First Light is nonfiction, a true story about astronomers who are looking for light coming from the edge of the universe. It tells how science is really done—and science is a lot weirder and more human than most people realize. The book has been out of print and hard to find; this is a revised and updated edition. For some reason, First Light has gotten a reputation as a kind of cult classic about science. I never really intended it to be read as a science book, but books, like children, have a way of choosing their own friends.

The action centers on the two-hundred-inch Hale Telescope, or the Big Eye. This telescope is a wonder. It sits inside a dome near the summit of Palomar Mountain, in southern California, not far from San Diego. It was built during the 1930s, and is probably the masterwork of the Depression. It is a huge telescope, the heaviest working telescope on earth. Seven stories tall, the Hale Telescope glides so easily on Flying Horse telescope oil that you can move it by hand. It has a mirror two hundred inches in diameter—sixteen feet, eight inches across. The Hale’s mirror took fourteen years to cast and polish. During the final stages, the master opticians polished the glass with their bare thumbs. They made a mirror so smooth that if it were expanded to the size of the United States it would not show any bump more than four inches high.

The telescope was conceived by an astronomer named George Ellery Hale, who suffered from a mental illness that gave him hallucinations. When Hale was having a bad day, a little man, a kind of elf, perched on his shoulder and talked into his ear, giving him all kinds of advice. This elf would not shut up. After a while, Hale felt as though the elf was beginning to drive him crazy. I like to think that the elf whispered something in Hale’s ear like: “Hale, you have got to build a telescope to end all telescopes.” Whether or not the idea for it came to Hale in this way, his telescope is one of the great achievements of the human spirit. Just to look at it makes one feel a little better about our species. We can do a few things right.
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The main figure in First Light is James E. Gunn, who is regarded by some experts as the leading astronomer of our time. Whatever else he is, Jim Gunn is a genius, pure and simple. He is also a so-called gadgeteer. That is, he builds scientific instruments. Unlike other gadgeteers, he builds his gadgets out of junk parts—Gunn is a cheapskate, but a very clever one. He and his colleagues find some of the parts in dumpsters. On scavenging trips around Los Angeles, the city that was originally Gunn’s base of operations (he is now at Princeton University, in New Jersey), Gunn and his cronies discovered dumpsters that were used by military defense contractors. They were mother-lode dumpsters. If you knew what to look for, you might find a fifty-thousand-dollar sensor lying among slices of moldy pizza, drenched with Lipton’s Cup-a-Soup. If you cleaned the soup off the device, it might work, or you could at least cannibalize it for parts. Gunn also obtained parts from mail-order catalogs and surplus stores. He got parts from his corner drugstore and from Woolworth’s and L. L. Bean. He conned NASA into giving him spaceflight items he couldn’t possibly afford to buy. Then he wired and bolted the stuff together into supersensitive instruments, attached them to the Hale Telescope, and used them to see right to the edge of the universe, discovering things no one had seen before. Gunn found light never meant for human eyes. The expression “first light” is a technical term. To “see first light” means to open the eye of a new telescope, allowing starlight to fall on the mirror and the sensors for the first time. That is when you find out if the thing works. Gunn’s stuff doesn’t always work the first time. Come to think of it, it never works the first time.
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In the course of writing First Light, I climbed all over and through the Hale Telescope, where I found rooms, stairways, tunnels, and abandoned machines leaking oil. My notebooks show tooth-marks where I gripped them with my teeth while climbing around inside the telescope, and the notebooks are stained with Flying Horse telescope oil. At times I had to take notes by starlight, when the moon was down, or in pitch-darkness, writing by sense of touch. I don’t use a tape recorder. I write longhand (very fast) in old-fashioned reporter’s notebooks. Tape recorders always seem to break down at the worst possible moment, and anyway, a tape recorder can’t capture important visual and sensory details of a scene. Eventually I bought an expensive high-tech darkroom flashlight to provide light for taking notes—it had to be very dim, so it wouldn’t disturb the astronomers at their work. This one was the dimmest flashlight money could buy. I had to hold it an inch from the paper just to see what I was writing, but the astronomers complained that it “blinded” them, so I had to turn it off. One night, writing notes by touch in total darkness and in bitter cold, I accidentally turned my notebook upside down. Then I started turning the pages in the opposite direction, unaware that I was writing over my notes. Thus I ended up with two sets of notes in that notebook, one set written on top of the other, running in the opposite direction and upside down. I never was able to read that particular notebook.

Eventually the astronomers seemed to forget I was there, and so I became like Jane Goodall among the chimpanzees. I was able to watch them without causing a disturbance, while they fed on Oreo cookies or looked at galaxies on television screens, oblivious to the presence of a reporter scribbling in a corner.

I was surprised to see how chaotic, amusing, and passionate science is. Scientific facts are often described in textbooks as if they just sort of exist, like nickels someone picked up on the street. But science at the cutting edge, conducted by sharp minds probing deep into nature, is not about self-evident facts. It is about mystery and not knowing. It is about taking huge risks. It is about wasting time, getting burned, and failing. It is like trying to crack a monstrous safe that has a complicated, secret lock designed by God. Some of God’s safes are harder to open than others. The questions may be so difficult to answer, the safe so hard to crack, that you may spend a lifetime playing the tumblers and finally die with the door still firmly locked. Science is therefore about obsession. Sometimes there is a faint clicking sound, and the door pulls wide open, and you walk in.
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During the last phase of writing, I put First Light through an intense fact-checking process. My wife used to be a fact-checker for The New Yorker, and she taught me how to check a manuscript using colored pencils. So I put colored underlining and marks all over the manuscript, showing passages that had been checked or still needed checking. I reinterviewed everyone in the story, running up three thousand dollars in telephone bills. I made constant changes in the text, essentially rewriting the book while grilling my characters over the telephone. Nothing is “made up” in First Light, not even the thoughts of astronomers. When I describe the thoughts that are passing through an astronomer’s mind, it is because I asked him what he was thinking. And later, of course, I checked it with him, to make sure I had described the flow and structure of his thought in a way that he remembered and was able to recognize.

The astronomers did not always greet my writing style with approval. Maarten Schmidt, an extremely distinguished astronomer—former president of the American Astronomical Society—generally liked the book, but he objected to the way I had described his interest in watching wrestling matches on late-night television. (Scientists don’t think their lives are interesting enough to warrant such detail—but I would disagree.) One day Maarten Schmidt, Jim Gunn, and another astronomer, Donald Schneider, were driving in a car to Palomar Mountain, and they got into a discussion about First Light’s shortcomings. (I heard about it later.) Schmidt blurted out something like, “I just don’t know where Richard Preston got that crazy stuff about my liking to watch TV wrestling! I can’t remember saying it to him! He must have made up the quotes! And what is really terrible is the way I seem to demonstrate such detailed knowledge of Hulk Hogan!”

Choking back laughter, his colleagues told him they remembered hearing him speak to me quite knowledgeably about Hulk Hogan. The quotes, they said, were faithful.

At one point while I was drafting the book, I decided to enlarge the childhood biography of Donald Schneider, so I telephoned Don’s mother in Nebraska, to get the facts of his childhood. She talked to me for a long time, giving me nice, rich material, as one would expect from a mother. Then she said to me, “I wonder if I could ask you for a small favor. Well, this is a little embarrassing, but I hope you will mention in your book that Don really needs to get married. Some nice young woman could read about him and see what a wonderful person he is.”

I thought, Well, why not? Mothers are often right in these matters. So I added a passage describing how Don Schneider was single and looking to get married.

When Don Schneider read First Light, he was appalled that I had broadcasted his desire to get married. We had become friends during the writing of the book, but that did not lessen his annoyance. “It is a frightening thing to be in the hands of a writer,” he said to me.

Then something strange happened. Don received an admiring letter from a young woman in the Netherlands who had read about him in First Light. She had never met Don, but she already knew about him from her brother, an astronomer who knows Don. Don wrote to the young woman. She replied to him. This continued for more than a year, during which time their letters heated up into love letters—it was a romance carried on by mail, as in Victorian times—and one day Don flew to the Netherlands and proposed to her. They are now happily married, and have two children, and are living in Pennsylvania.

Two astronomers in First Light ended up being famous, but not because of the book. They are Eugene (Gene) and Carolyn Shoemaker, husband and wife, who were using a tiny telescope at Palomar to search for comets and asteroids that could hit the earth. These objects are almost invisible. They are as black as coal and as large as Mount Everest, and they come out of nowhere, booming toward the earth from all angles. When one of them hits the earth it practically burns all life off the planet, enveloping the earth in a holocaust that makes a thermonuclear war look like a Sunday cookout. Fortunately this doesn’t happen very often. But it does happen: everything changed for the Shoemakers when Carolyn, along with two colleagues, David H. Levy and Philippe Bendjoya, discovered a chain of unusual comets floating through space that looked like “a string of pearls.” The comets took a loop around Jupiter and then slammed into the planet, one after the other in a series of violent explosions, during the summer of 1994. Collectively the objects were called Comet Shoemaker-Levy. When they hit Jupiter, the flashes of light were seen by telescopes all over the earth. CNN carried the news live, and the impacts left a string of brown bruises on Jupiter. These impacts were the most spectacular event to occur in the solar system in recorded human history. The Shoemakers became world famous, and they went on a lecturing tour that has not yet ended. As Gene later said to me, “Our lives have disintegrated into chaos. I guess it only happens once, anyway.”

And what of James E. Gunn, the gadgeteer? He is still at Princeton University, where he has embarked on one of the most ambitious projects in modern astronomy, the so-called Sloan Digital Sky Survey. The goal of this $40-million project (Gunn’s gadgets are not so cheap anymore) is to make an electronic three-dimensional map of the universe, in color, using all the techniques that Gunn pioneered in the story told in First Light. Gunn and his group are essentially building a huge color scanner to scan the heavens. The scanner will sit in a telescope on a mountain in New Mexico. If it works, the result will be like having an atlas of the world when before all you had was a sketch map drawn by a monk. The map will contain a million quasars and a hundred million galaxies, and it will show the three-dimensional structure of the creation. It will probably reveal new kinds of objects that nobody suspected.

The thing about nonfiction writing is that a book’s characters go on developing after the book is finished. This can be disturbing to the book’s author. I have always envied novelists for the way they can maintain control over their characters. If necessary, they can get rid of them by killing them or sending them to Tibet. The nonfiction writer does not enjoy such luxuries. You can’t control your characters. Therefore you can’t shape the plot. This gives you an unpleasant feeling that your book is out of control. Even so, one of the secrets of nonfiction narrative is its unpredictability, for this gives the book a convincing reality, the fractal surprise of unfolding life. I have always found it difficult to finish writing a nonfiction book, or rather to let the story go, because there always seems to be more to write about, and as you reach the end of the book you begin to perceive that the story will never end. The book must end, but the story flows along like a stream, until it meets other stories of other lives, and they touch and run along together, and merge into the headwaters of history.



—Richard Preston
1996
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PART 1

Big Eye

When the alarm clock woke Juan Carrasco, the senior night assistant at Palomar Observatory, daylight was streaming through cracks in the black window shades of the bedroom. He got out of bed and tugged at a shade, which came up with a crackling sound. The shade had seen so much use that it had become crisscrossed with zigzag breaks, which he had patched with a type of transparent tape reinforced with nylon threads and known to the astronomers of Palomar Observatory as Palomar Glue, since it is used by them to fix almost anything that breaks. What he should do, he would say to himself, was get some new tape for these shades. Some black tape. To keep out the daylight, so he could sleep better. He found his glasses and looked over a ridge covered with manzanita to the tops of clouds popping up on the far side of the ridge, like torn cotton: a good sign. A sign of clear skies coming tonight. Juan crossed the bedroom, past a photograph of his wife, Lily, and himself taken on the day that Father Girán had married them, and took a leisurely shower.

Then he shaved. In the mirror, as he pulled foam from his face with a disposable razor, broad cheekbones emerged, under brown eyes. Shaving took a long time. He believed, in fact, that he had never properly gotten the hang of the throwaway razors. He was a former barber. He had learned to be very, very careful with a straight razor when working on a customer, and now he could not help being much too careful with a throwaway razor. He had never cut a customer, not even when one of those winos he used to practice on when he was in barber school slumped over in the barber’s chair or began thrashing around. To have a bloody, bellowing customer in the chair would have hurt his pride, and so he had never let his hand slip. An astronomer could groan more abnormally than a sick wino when there was trouble with the Hale Telescope, and so he tried never to let his hand slip at the controls. He rubbed a little grooming cream on his hair, which had begun to silver at the temples, and parted it on the left.

Juan dressed and went outdoors to examine the weather. He stood for a moment in his backyard, before the wild apple trees. Through their bare branches he saw last night’s snow on Mount San Jacinto, forty miles to the north, gleaming in the oblique sun. The intervening land was covered with a sheet of fog, but the sky above was creamy yet cloudless, the color of an old blue Chevrolet.

Lily was watching the San Diego evening news in the kitchen. She turned down the volume when Juan came in. He poured himself a mug of coffee while she served dinner, and she asked him who he was working with that night.

Juan Carrasco had a formal way of speaking about his job, the job of night assistant. He said that he was working with Dr. Maarten Schmidt, Donald Schneider, and Professor James E. Gunn. He told Lily that those astronomers had been having trouble with their instruments—a new experiment, something never tried before.

Lily noticed Juan’s worry. “Sometimes I wonder,” she once remarked to me, “if Juan hates to make mistakes.” When Juan had been a young father, he had carried his baby daughters around on pillows—he had been that afraid of breaking them. This man had thought you could break a baby just by handling it. This man had been made for handling the controls of great telescopes.

Juan turned up the television for the weather report. Night fog was coming, with marine winds. That was a good sign, and he began to feel that tonight could turn into a clear night for looking at galaxies. At 5:45 P.M. he fitted his hard hat on his head and picked up his flashlight. “Bueno,” he said. “Ya me voy”—“I’m going.”

“Que te vaya bien,” she said, and kissed him. “That you may go well.”

Juan walked along a road that crossed a shoulder of Palomar Mountain, a long hogback ridge, 5,600 feet high, situated in the coastal ranges of southern California, about halfway between Los Angeles and San Diego. Smelling wood smoke mixed with a tang of Pacific Ocean fog, he walked past a grove of fir trees where small stucco houses were almost hidden, belonging to other members of the mountain staff of Palomar Observatory. The road turned through a field of brown ferns and headed for an ivory dome. Deep stands of cedar, white fir, Valparaiso oak, and leafless black oak covered Palomar Mountain, and grassy meadows unfurled among the trees. On dry, sunny slopes grew chokecherry, blue buckthorn, wild lilac, wild coffee with a poisonous bean, and a type of ragged dwarf oak with spiny leaves, called carrasco—Juan’s last name. Palomar means “dovecote” in Spanish, and indeed, the mountain in autumn and spring fills with shoals of migrating birds. No birds sang on the mountain yet, on this night in early March, because at an altitude of more than five thousand feet, spring came slowly to southern California, but the toads had woken up from their winter’s sleep, and in the cold of evening they said keep, keep, in voices so halting and tentative that they sounded in pain.

Looking west, Juan saw that the moon had already gone down to its grave. The moonless time of the month had arrived, which the astronomers called dark time. They regarded dark time in spring as the best time for seeing galaxies, because in spring, the Milky Way lay along the horizon, where it would not interfere with the view straight up into the deep. When the Milky Way was high in the sky, it blocked a telescope from seeing into the deep universe. During dark time—moonless nights—in spring, you could point a telescope straight up past the Milky Way into extragalactic space, and there was no moon to wash the blackness from the sky. As Juan rounded a bend and neared the dome, he saw a fog bank hanging over a ridge to the west. He regarded the rising fog as a good omen, as long as it did not cover the mountain. City lights smeared a stain across the sky the color of egg yolk. If the fog socked in the valleys tonight, it would cover the lights of surrounding cities while leaving the skies above the mountain transparent and inky black—perfect for seeing galaxies. The sun had dropped behind the fog, and Juan noted with approval the color of the dying light; it was bluish white—no dust in the air. He knew exactly where the sun was. Exactly. He saw that in about six minutes the sun would set. Palomar Mountain would roll into the terminator of earth-shadow, and a view of the universe would begin to unfold.

The dome looked like Hollywood’s idea of a Mayan temple. Juan fitted a key into a tall coffered door, and a small service door opened inward. It closed behind him with a bang that echoed among steel piers. It was dark in there. He flicked on his flashlight and climbed a long flight of stairs. He pushed through a door onto the main floor of the dome, at the base of the two-hundred-inch Hale Telescope. Smelling paint and sweet oil, he touched the brim of his hard hat and looked up. He saw that the shutters of the dome were closed, and that the Hale Telescope was pointed straight up, in its normal resting position. It rose seven stories over his head. The Hale hardly looked like a telescope at all to most people: it was a skeleton tube made of struts and girders. Covered with battleship-gray paint, the Hale Telescope looked more like a terrible weapon than a mirror for making images of time gone by. Even after so many years, one still felt a little bit of fear looking up at that instrument; one felt a little bit of fear, always.

Under the telescope an engineer walked back and forth, wreathed in clouds of vapor, pumping Jim Gunn’s camera full of liquid nitrogen, preparing it for the night. Juan opened his locker. His breath steamed in the cold. He pulled out a cardboard box, which filled his arms. He shut the locker and crossed the floor gingerly, mindful of the transparent puddles of oil that bled a little from the telescope most nights. His box read LA VICTORIA MARINATED JALAPEÑOS. He had found it in the trash, and although he had prolonged the box’s life by winding bands of clear tape—Palomar Glue—around and around it, the box had grown round and flabby.

The marinated-jalapeños box held Juan’s notebooks, which contained arcane lore diagnostic of the Hale’s innumerable tics. The Hale Telescope had taken twenty-one years to build, from 1928 to 1949. It contained thousands of components—motors and relays, gears and wheels, pipes and pumps—dating from the 1930s. Parts made by companies now bankrupt or merged. Parts unobtainable. Parts no longer understood. Juan Carrasco considered himself to be a small component in an enterprise that seemed to extend beyond Palomar Mountain, beyond the United States, beyond, perhaps, the world. He doubted his importance to this enterprise. Although he had spent fifteen years climbing all over that telescope, patting it with a dust mop and crawling through hidden rooms inside the telescope, he felt that the Big Eye remained, in certain ways, a mysterious instrument. He felt that if he and the astronomers were to cease to exist, other people would find a use for the Hale Telescope. “Man is dispensable,” Juan liked to say. “Telescopes are not.” Feeling a tiny bit of nervousness, he entered a small room tucked into the wall of the dome, called the data room. There he saw Maarten Schmidt. Schmidt was a tall astronomer with curly, silvering hair. Schmidt smiled and said, “Good evening, Juan.”

“The valleys are filled with fog, Maarten.”

“Ah,” Maarten Schmidt said. “Good.”

“I say it’s going to be clear tonight.” Juan crossed the room and spoke to an astronomer who had a beard and glasses. “Professor James E. Gunn,” Juan said. “Are we going to see galaxies tonight?”

Gunn grinned and said, “I don’t know, Juanito.”

There were two other people in the data room. One was a young astronomer with blond hair and a beard, named Donald Schneider. He sat facing a computer terminal, next to a computer programmer from the Jet Propulsion Laboratory in Pasadena named Barbara Zimmerman. She was in her forties, and had brown hair and a broad face, and her hands moved decisively over a computer keyboard. She was hammering out an untested computer program: jazz software. “Hey, Juan,” she said without looking up.

“Hello, hello,” Juan said.

Juan placed his hard hat and the box of marinated jalapeños on a shelf and sat in a swivel chair. Panels surrounded him on three sides, covered with switches and video screens. He hit a switch, and a set of Vickers pumps began to whine, driving Flying Horse telescope oil onto the Hale Telescope’s horseshoe bearing. He checked the temperature of the mirror. It was normal. Tonight the controls of the Big Eye belonged to a man who had once been a barber in San Antonio and Pecos, Texas, himself no astronomer, because nobody in their right mind would let an astronomer touch the controls of one of the most powerful telescopes on earth.
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Earlier that afternoon, just hours before his team was scheduled to begin a new phase of its search for the edge of the known universe, the distinguished astronomer James E. Gunn was sitting at a workbench in a room called the electronics shop, in a lower level of the dome of the Hale Telescope. Jim Gunn was dabbing with a soldering iron at a small blue metal box. A curl of smoke went up from the box. He blinked, dragged a handkerchief from his pocket, and sneezed. He blew his nose and threw the handkerchief on the workbench. He said, “I seem to have the East Coast bug.” He snapped a lid on the box. “I don’t know what you’d call this little device,” he said. “It doesn’t have a name.”

The box was a rat’s nest of spare parts, the size of a cigarette pack. It contained resistors, capacitors, and a few semiconductor chips, which Gunn had rooted out of bins in the electronics shop. In Gunn’s universe such a device is known as a kludge. The word rhymes with stooge. The box exhibited one toggle switch. Gunn, who had a way of emphasizing certain words when he talked, said, “This thing, whatever you call it, will allow us to take data from the Hale Telescope’s camera in a way that’s particularly effective for finding quasars. We want to park the telescope and just let the stars go by as the earth turns. That produces a continuous picture of sky, like a long piece of film. Unfortunately, the camera on the telescope was not designed to do this.”

Astronomers, for the most part, do not look through telescopes anymore. They look at a television screen, which displays an image of the night sky. Virtually all professional telescopes these days have cameras attached to them, and most of those cameras use electronic sensors. The systems required to operate a modern telescope are similar to the systems used to operate a spy satellite. One needs a giant mirror. One needs an electronic camera that focuses large amounts of faint light onto a small, hypersensitive silicon sensor chip. One needs a knowledge of computer programs and of robots. The difference is that astronomers point their sensors away from the earth.

For the last three days Jim Gunn had been getting one or two hours of sleep a night, which dismayed him, because he felt that he had been sleeping too much, probably because he was running a slight fever. He said, “I can’t do twenty-four-hour days anymore. I’m getting too old.” His other problem, at the moment, was that he had to deal with a reporter. I was taking notes while Gunn worked.

Gunn was then forty-seven years old and slightly under medium height. He has a beard and heavy eyebrows. He has a bold forehead, a fringe of brown hair going thin on top, and alert brown eyes. He is known and admired all over the earth, the recipient of more awards and prizes than he can keep track of or remember. He is a professor at Princeton University. That evening, he wore a brown cable-knit sweater drilled with one or two moth holes, and greasy blue trousers of the style worn by gas station attendants. The pockets of these trousers had been used to carry objects never meant to be put into pockets, and thus were either ripping out or rotting out along the leg seams. On the floor sat his toolbox. Lettering on it read J. GUNN. It was a Sears Craftsman toolbox. It was crammed with tape, wire, electronic chips, screws, nuts, gimcracks, and many different types of pliers. On the workbench sat a pair of gold-rimmed eyeglasses, which were padded around the nosepiece with a wad of electrical tape. He said the tape helped his glasses sit more comfortably on his nose.

The Hale Telescope, and the three other working telescopes at the Palomar Observatory, are owned by the California Institute of Technology—a place better known as Caltech. Caltech is a small private university located in Pasadena, California. Around the basements and laboratories of Caltech, Jim Gunn and his ilk are sometimes referred to as plumbers. They are also known as the Palomar gadgeteers. They are, in fact, professional astronomers who happen to build their own instruments. Gunn was the plumber for a team of astronomers that had been trying to map the edge of the universe. Such an effort required teamwork, and certainly a plumber. The two other members of the team were Maarten Schmidt, who was the team leader, and Donald Schneider, who was Schmidt’s assistant. The team also had the help of various engineers and programmers, including Barbara Zimmerman.

Gunn was beginning to get frustrated with this job. For three years now the team had been looking for quasars of a certain rare type. They had not yet found any quasars of this type. Quasars were points of light that glittered in the depths of the universe; cosmic lighthouses. The team wanted to find and map the locations of a few of the most distant quasars. They believed that in doing so they could trace the contour of an otherwise hidden shore: the outer limit of the optically explorable universe. For this particular attempt the team had been awarded four nights on the Hale Telescope in March, when the moon would be down and the Milky Way would be lying flat on the horizon, affording a view of deep sky.

The team had decided to try to doctor the camera on the telescope so that it would scan across the sky, which would speed up the search for quasars. That would be like panning a video camera across a landscape, except that they would pan a telescope across the universe. The Hale Telescope’s camera was an electronic system meant for taking snapshots, not motion pictures. The camera, being full of robotic devices, was controlled by a computer that sat on a floor below the telescope, which needed to be rebuilt for the experiment. The quasar team had hired an engineer named Richard Lucinio to tear down this computer and rewire it. Then, just before the moon waned, Richard Lucinio went to the hospital. In Lucinio’s words, “I had something funky in my stomach, and to this day I don’t know what it was.” Neither did two gastroenterologists, musing over Lucinio’s gut and wondering whether to operate. Meanwhile the computer at the Hale Telescope remained inoperable. The quasar team had been given a chance to use the Hale and they did not want to throw that chance away merely because their computer engineer might be dying. Gunn had no choice but to try to save the experiment with a soldering iron.

Gunn lives in Princeton, New Jersey. He took a taxi to the Newark airport before sunrise. He flew to Los Angeles. He rented a car and drove to Caltech, where he picked up the J. GUNN toolbox, and then he headed east and south on Interstate 210. When he arrived at the dome of the Hale Telescope, he went inside the dome and lived there for the next three days, until he had built the kludge.

Gunn turned the kludge over in his hand and contemplated it. It would help the telescope’s camera to talk to its computer. “You don’t design a thing like this,” he said. “You look and see what you’ve got. Then you build it.” Gunn figured that he could stick it like a limpet to the camera. He figured that if he flipped the toggle switch on the kludge to “scan”—he had written “scan” beside the switch to remind himself which way to throw it—the kludge would transform the Hale Telescope into a motion-picture scanner.

He picked up an object that looked like a flare pistol. He said, “This is an eight-hundred-degree hair dryer.” He aimed it at the back of his hand and pulled the trigger to see if it worked. There was a whir and a smell of burning hair. “Mm!” he said. “It’s working.” He directed the hair dryer at a shrink-wrapped cable emerging from the kludge, and the cable shriveled. Then, picking up a soldering iron, a roll of wiring diagrams, and the kludge, Gunn ran out of the room. Astronomers call a set of nights on a telescope a “run,” and the term is not a metaphor. Gunn took an elevator up one level. He stepped out of the doors of the elevator and onto the main floor of the Hale dome, where stands the largest working telescope on earth.

The Hale Telescope, which is the size of a small office building, was bathed in sodium light, and the light revealed gleams and glints of metal inside the dome. Whether accidentally or on purpose, the Hale dome is almost exactly the size of the Pantheon in Rome. Jim Gunn took a moment, as he often did, to run his eyes over the telescope. He would admit that he could never look up without a sense of disbelief at the last telescope built by George Ellery Hale. “More than slightly mind-boggling,” Gunn would say of it. Then Gunn hurried across the floor and ran up a set of stairs into a steel-mesh cage that hangs from the butt of the telescope. This cage is directly beneath the telescope’s main mirror—a concave mirror made of flame Pyrex glass two hundred inches (sixteen feet, eight inches) across and coated with a reflective layer of aluminum on its upper surface. The mirror has a hole in its center. The concave face of the mirror looks skyward through the tube of the telescope and gleams at night with reflections of stars, like a pool of water resting at the bottom of a well.

Gunn spread his wiring diagrams on the floor of the cage under the mirror. He picked up a flashlight, which seemed to have died. “Dammit,” he growled, rapping the flashlight on the cage. The bulb glowed a little. He pointed the flashlight around. The floor of the cage was littered with Allen wrenches, alligator pliers, screwdrivers, and rolls of tape. He pointed the flashlight up at a camera plugged into a socket at the base of the telescope, like a shell loaded into a cannon. “That’s 4-shooter,” he said. “It’s been in place a tad more than a year.” 4-shooter is the Hale Telescope’s main camera; Jim Gunn built it.

Gunn clamped the flashlight between his knees and aimed it upward, in an attempt to throw some light on his camera, while he reached up with both hands and grabbed a hank of loose cables. He dredged a Swiss officer’s knife from his pocket, and with it he sliced open a cable. “Gah!” he grunted. He ripped away plastic tissue. “Come on there!” he said, pulling forth a rattail of multicolored wires. He began to graft various wires that were sticking out of the kludge into 4-shooter’s nervous system, using a soldering iron. “On a scale of one to ten,” he suddenly remarked, “this crisis is only a twenty.” He stabbed the soldering iron at a wire and a puff of smoke went up. “I’ve seen things go higher than twenty,” he added. “There is still a happiness at twenty.”

The camera called 4-shooter is a white cylinder, five feet long and two and a half feet in diameter, and it weighs 1,500 pounds. Plugged into the bottom of the Hale Telescope, it pokes through the hole in the center of the mirror. Although the camera is enormous (for a camera), from a distance it looks no bigger than a rivet fastened at the bottom of the Hale. Gunn built this camera from scratch in a Caltech basement known as the Wastebasket, where he received much help and many used parts from certain Caltech engineers and technicians who happen to be experts in the arcana of trash, and who are known collectively as the Wizards of the Wastebasket. In certain ways, 4-shooter resembles a scientific package on a spacecraft: it contains a variety of quartz lenses and mirrors, forests of gold connectors and gold-plated parts, and advanced imaging sensors. In other ways it resembles an outrageous kludge: it contains tangles of stainless-steel plumbing, surplus wires, junk motors purchased at deep discount (for ten cents on the dollar or less), movie projector belts, a broken razor blade, Ensolite foam, piano wire, grease, glue, and small, powdery crystals of dried sweat.

A leading scientific instrument usually remains on the cutting edge of science for a few years, until a better instrument comes along, but the Hale Telescope has been breaking trail into the deep for forty years, principally because of the Palomar gadgeteers. The Hale is no longer the largest telescope on earth—Caltech recently built a larger one, called the Keck Telescope, on Mauna Kea in Hawaii, which has a mirror made of glass segments that add up to the equivalent of a four-hundred-inch telescope. The Hale Telescope is, however, world-class. It contains a suite of hypersensitive instruments, of which 4-shooter is one. These instruments, together with the size of the telescope’s mirror, make the Hale one of the best telescopes on earth. The Hale is a masterwork of Depression engineering, the Apollo project of the 1930s. Colossal, welded, gray, aloof, massive, agile, apparently indestructible, and uncompromisingly and magnificently extragalactic, the Hale Telescope stands among all telescopes as the climax of dreadnought design. There will never be another telescope like the Hale, because, in the first place, no amount of money could build the Hale Telescope today, and in the second place, the philosophy of telescope design has changed. A new generation of earth-based telescopes is being built, containing large mirrors hung in airy frames, built more like aircraft than ships. Then there is the Hubble Space Telescope, which is a canister that was tipped into orbit three hundred miles above the earth, from the cargo bay of the space shuttle Atlantis. But for the time being, the Hale is the world heavyweight champion. The Hale will likely continue to be regarded as one of the world’s great telescopes until well into the twenty-first century.

The Hale is a versatile telescope. In addition to its two-hundred-inch primary mirror, it contains a total of eleven smaller mirrors that can be moved and angled in order to reflect and condense light into various points inside or near the telescope, where instruments can be placed. The Hale is a refinery for light. It collects a huge amount of starlight and pours it into a minuscule area. When 4-shooter is plugged into the Hale, starlight lands on the Hale’s primary mirror and bounces up to a small secondary mirror (four feet across) at the top of the telescope. The light then bounces downward into 4-shooter, sitting in the hole in the two-hundred-inch mirror. By the time the starlight enters 4-shooter, it has been narrowed down from a beam two hundred inches across into a beam fourteen inches across. The beam of starlight enters a window in 4-shooter, where it is further shrunk and bounced among mirrors. Finally it lands on four electronic chips known as CCDs. Each chip is the size of a child’s fingernail. In the end, the light that falls on the main mirror of the Hale Telescope—209 square feet of starlight in all—is distilled onto four chips having a total surface area equal to one postage stamp.
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The Hale Telescope as drawn by Russell W. Porter in 1939, before the telescope was finished. Even though he could only imagine it in its finished state, Porter captured the grandeur of the Hale. The telescope’s tube is the open structure of girders. The prime focus cage, where an astronomer can sit and stare directly into the mirror, is at the upper left of the picture, at the top of the telescope. The mirror is at the bottom of the tube, lower right. The curved horseshoe bearing is toward the upper right of the picture, profiled against the night sky, which is apparent through the open dome slit. (Photograph courtesy of Palomar/Caltech)

4-shooter is Jim Gunn’s favorite toy. It can take four pictures of the sky simultaneously. These pictures can be joined edge to edge to make a four-paneled mosaic. 4-shooter has taken pictures of newborn stars shining through dust cocoons, and of elderly carbon stars coughing bubbles of hydrogen, and of sheets of gas blown from stars that have exploded and died. The camera has made images of dwarf galaxies, of starburst galaxies, and of elliptical galaxies studded with warty globules of stars. It has unveiled the explosive central nuclei of Seyfert galaxies and has looked into their quasarlike cores, filigreed with sable dust. It has taken snapshots of colliding galaxies flinging away threads of stars as they dance and merge with one another. 4-shooter has exposed supergiant cannibal galaxies feeding upon other galaxies for lunch. 4-shooter has imaged rich swarms of galaxies interorbiting like clouds of gnats, and it has mapped gravitational lenses, which are warps in spacetime that break the light of quasars into double, triple, and quadruple mirages from the dawn of time.

Moving quickly around the cage, Gunn appeared to be a tiny figure fighting a tangle of wires, dwarfed by the immensity of the Hale Telescope. He could not see what he was doing, because he had inherited a set of nearsighted eyes from his father. “I can’t see up close, and I can’t see far away, either,” he would say, explaining that he owned a large collection of Woolworth spectacles of varied magnifying powers that he planted everywhere from Princeton to Caltech to Palomar Mountain in order to have a pair of glasses within reach whenever he needed them, but at the moment he had forgotten to leave a pair of glasses inside the Hale Telescope. He hit a switch.

“Donz,” he called into an intercom. He was calling for his fellow astronomer Don Schneider.

“Greetings,” a voice crackled.

“I need a pair of young eyes,” Gunn said.

A door in the wall of the dome flew open, and Don Schneider ran onto the dome floor and scrambled up the stairs into the cage. In addition to his blond hair and beard, Don had a narrow face and intense, flickering blue eyes. He pulled a wool cap down nervously over his head and said, “It’s going to be chaos tonight.” He stood well back from Gunn’s tangle of wires.

“Take it easy,” Gunn said.

“What a disaster,” Schneider said. “It looks like it’s going to fog up tonight.” He informed Gunn that the computer system had recently gone insane.

“Yeah,” Gunn said. “That’s not a problem. Tell Barbara to write some lines of code to fix it.” Gunn held out a fistful of wires. “Will you hold this?” he said. The wires trembled; Gunn had developed the shakes from lack of sleep.

“Have you had something to drink?” Schneider asked, smiling at Gunn’s shakes.

“Absolutely not. I have been trying for half a fucking hour to solder three wires.”

Their heads bent toward the tangle. They worked fiendishly. Plumes of breath and burning rosin smoked in the cold air. Suddenly a flashbulb went off nearby. Don Schneider glanced around. A group of schoolchildren had arrived, with their teachers, to view the progress of American science. The children stood behind a wall of glass—a viewing gallery for visitors, which runs along one side of the dome. The purpose of the glass is to prevent human bodies from flooding the dome with warm air, which would warp the mirror, throwing the stars out of focus. Warm air would also ripple out through the viewing slit of the dome at night, thereby causing the stars to twinkle. Astronomers hate twinkling stars, because twinkling throws the stars out of focus. Fortunately the glass wall also prevents visitors from hearing profanity, which is a type of noise that can be heard often enough coming from the cage at the butt of the Hale Telescope.

“Sun’s going down right on schedule,” Schneider remarked.

Gunn laughed an edgy laugh.

They finished splicing wires from the kludge into 4-shooter. Pushing his toe around the floor of the cage, Gunn found a roll of transparent packing tape, the kind that is reinforced with threads of nylon. Palomar Glue. Gunn cut a piece of tape with his knife and taped the kludge firmly to the side of his camera. “Palomar Glue,” he said, “is what holds this place together.”
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In the data room next to the telescope, Maarten Schmidt sat hunched over an oak desk, in a pool of light thrown from a lamp. He was the senior astronomer on the experiment. The Principal Investigator. The boss. “You see James in a controlled panic,” he explained to me. “That is not unusual.” Schmidt was a reserved man, gangly and tall. During his lifetime he had spent around five hundred nights on the Big Eye. He described his role in this experiment as much like that of the manager of a baseball team. His star pitcher—Gunn—appeared to be in trouble. All afternoon Gunn had been rushing around, saying, “Don’t worry, Maarten, we’re almost ready.” Maarten had begun to wonder if he might have to cancel the experiment that night and use the Hale Telescope for some other purpose. That might delay the search for quasars by six months, a year, who could tell? Schmidt had become used to delays. He had been searching for quasars for twenty-two years.

Jim Gunn and Don Schneider walked into the data room. Maarten Schmidt said to them, “I think we had better get to dinner.” He added to Gunn, “Are you coming with us, James?”

“Yes, in a minute.” Gunn crossed the room and sat down at a computer terminal beside Barbara Zimmerman. She was frantically writing computer code that she hoped would operate Gunn’s kludge.

Maarten Schmidt and Don Schneider took the elevator to the ground floor and emerged from the dome into afternoon sunlight. They followed a trail among cedar trees and withered ferns dotted with old snow. They avoided mentioning quasars. Maarten said to Don, “You never saw my mark-zero flashlight, did you? It dated from 1950. It was an Eveready. Now it seems I have lost it.” A rooster crowed in the distance.

They descended into a hollow where the Monastery stands, a building where the astronomers visiting Palomar Mountain take their meals and sleep during the day. The Monastery has stucco walls and a gabled roof, and it resembles a summer resort gone a little to seed. Schmidt and Schneider sat down at the single long table in the dining room. Several other astronomers, who were working on other telescopes at the observatory, had already arrived. There was a pile of steaks on the table. Astronomers generally require a massive dinner, because the cold in the unheated domes can grow so bad at night that the only bulwark between the astronomer and hypothermia might be a couple of rib-eye steaks inside the astronomer’s belly and a bag of Oreos in his hand. The astronomers talked quietly, over a clink of china.

“We’re trying to get 4-shooter to read out at a controllable rate,” Don Schneider said.

“At what rate?” asked an astronomer.

“One hundred and forty million bytes per hour,” Schneider said.

“That’s incredible,” the astronomer said.

“We should fill twelve tapes a night with data,” Schneider added.
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At the end of the table sat a woman and a man who listened but did not take much part in the conversation. Carolyn Shoemaker had gray hair, cut in bangs, and brown eyes. She wore a maroon sweatshirt and blue jeans. Her husband, Eugene Shoemaker, had a broad face, salt-and-pepper hair, and a clipped mustache. They were a handsome couple. One would imagine them to be normal grandparents, if one did not know that they spent a good deal of their time roaming the Australian outback looking for giant, eroded craters left by asteroids and comets that had smashed into the earth. Gene said, “We’re having all kinds of trouble with our telescope.” He was referring to the eighteen-inch Palomar Schmidt Telescope, which stood in a small dome three hundred yards south of the Hale Telescope.

“It’s an old telescope,” Carolyn said with affection.

“One of the guide motors has been stalling on us,” Gene said. “I think the motor’s brushes are shot.” He and Carolyn were on Palomar Mountain to search for asteroids and comets.

Carolyn said, “Gene has to dive under the telescope and start the motor by hand, before the photograph smears.”

“I have to move fast,” Gene said. “I have to grab it around the driveshaft and give it a spin.”

Jim Gunn and Barbara Zimmerman walked in. They sat down and nodded to everyone, and Gunn dragged a steak onto his plate with a fork.

“That’s not all of it,” Gene Shoemaker went on. “We’ve got some kind of backlash in the main gear. The telescope is jumping all over the place. We can’t hold it on a star.”

Jim Gunn said, “It sounds like the gears are worn, Gene.”

“Exactly,” Gene said.

“There’s the problem,” Jim said. “The gears need a weight on them.”

“Exactly,” Gene said.

“Get some rope and a two-by-four,” Jim said. “Lash the two-by-four to the telescope. Then hang a piece of lead on it.”

Everyone laughed, including Gene Shoemaker. He saw that Gunn actually had a point there, and he reminded himself to bring some pieces of lead with him the next time he and Carolyn visited Palomar Mountain.
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There is a saying among astronomers that five billion people concern themselves with the surface of the earth, and ten thousand with everything else. These people are the practitioners of what is said to be the world’s oldest science. The astronomers conduct their craft from the vantage point of a droplet of iron and silicates orbiting a G2 star that is now drifting at the inner edge of the Orion Arm of the Milky Way. The Milky Way is a spiral galaxy containing approximately one hundred billion suns. If the Milky Way has other names, the astronomers do not know them yet. They have made some progress in the twentieth century, having learned that the Milky Way is a member of what they call the Local Group. The Local Group is a clump of several dozen galaxies, including the Andromeda galaxy and the Clouds of Magellan, that together constitute a virtually unnoticeable knot of galaxies near the outskirts of the Local Supercluster, which is a cloud of many thousands of galaxies. If a galaxy were a leaf, then a supercluster would be the size of a tree. The Local Supercluster amounts to about one-millionth of the observable universe, which throngs with superclusters in the way that a forest is populated with trees. In the more distant parts of the astronomers’ universe—as they see it—the brilliant lights called quasars gleam with a physical power that transcends any forces the astronomers have noticed anywhere near the earth. The astronomers do not fully understand quasars—what they are or how they burn—although many quasars are bright enough to be seen with a modest amateur telescope.

Maarten Schmidt hardly touched his dinner. He seemed preoccupied. There was a smell of coffee in the air.

Barbara Zimmerman said to Maarten Schmidt, “I think we’ve gotten Jim’s little box going.”

Maarten tapped his fingers on the table and turned to Jim. “Well, James, what next?”

“Keep working, I guess,” Gunn said. He and Zimmerman suddenly stood up and walked out of the room.

Schmidt laughed. “I didn’t mean that literally!” he called after them.
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At twilight, on a catwalk that encircled the Hale dome, Juan Carrasco and Don Schneider studied the rising fog, which seemed to be pooling in nearby valleys. Don craned his neck, looking up. He said, “What do you think the weather’s going to do, Juan?”

Juan pointed to the west. He said, “There’s Venus.”

“I suppose you consider that a good sign.”

“Oh, yes,” Juan said.

“This fog is definitely getting worse,” Don said, glancing around. Juan studied a gauge. “The humidity isn’t bad.”

“That’s if you believe instruments.”

Juan slapped the wall, feeling for dew. “Tricky,” he said.

“There’s definitely some structure up there in the atmosphere. Kind of scuzzy,” Don said.

“High haze can improve the seeing.”

“Have you ever thought of running for political office, Juan?”

They walked around to the north side of the dome, traveling clockwise on the catwalk. The fog had drowned the Los Angeles basin but had left the San Gabriel Mountains bare and stark on the horizon. The peeping toads had grown louder, welcoming the fog. There were three other telescopes in operation on Palomar Mountain, apart from the Hale Telescope, and as Juan and Don circled, they could see the dome of each telescope in turn: the forty-eight-inch Schmidt telescope, which was being used to make an atlas of the sky; the eighteen-inch Schmidt telescope, which these days was used mostly by the Shoemakers and other planetary astronomers to search for asteroids that could hit the earth; and the sixty-inch Oscar Mayer Telescope, a general-purpose instrument endowed by the family of the hot-dog baron, because Oscar Mayer had liked stars.

Juan made up his mind about the fog. “I think we’ll be all right,” he said. Don nodded, went indoors to a red button located on the inside wall of the dome, and pressed it. The dome shutters began to move open, drawing apart like eyelids, exposing the telescope to the cosmos. A knife-blade of sky appeared overhead, slowly fattening into a crescent speckled with early stars. The Hale Telescope became a network of shadows against the sky.

The job of the night assistant is to operate the telescope for the astronomer. This not only promotes efficiency but also prevents the astronomer from wrecking the telescope. Given half a chance, an astronomer will cleverly destroy a telescope. For that reason the Palomar night assistants had been given authority over the astronomers in many matters, especially when it came to deciding whether to open or close the dome of the Hale. This was an important decision. For example, a professional astronomer, famished for light, might open the Hale during cold, humid weather. That could let a dew settle on the mirror. The dew could mix with dust on the mirror, which would turn into an acid mud that could etch the glass, thus destroying the mirror in a few hours. The Hale mirror is the size of a living room floor. It weighs fourteen and a half tons. It required fifteen years to make, from the first failed casting in 1934 to the final figuring of the glass in 1949—ground down to a concave dish and polished to a precision of four-millionths of an inch over its entire surface. Four-millionths of an inch is a distance equivalent to splitting the thickness of this page one thousand times.

Inside the data room, Jim Gunn typed instructions to the computer. Maarten Schmidt sat at his desk. Schmidt said, “I cannot tell if they are going to get everything fixed. I am not as teh-nically developed as Jim.” He pronounced the word 
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