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To stargazers everywhere




Rapport of Sun, Moon, Earth, and all the constellations,
What are the messages by you from distant stars to us?


—Walt Whitman


Anywhere is the center of the world.


—Black Elk





PREFACE


We grow accustomed to the Dark —


When Light is put away —


As when the Neighbor holds the Lamp


To witness her Goodbye —


. . .


Either the Darkness alters —


Or something in the sight


Adjusts itself to Midnight —


And Life steps almost straight.


—Emily Dickinson


To gaze is to think.


—Salvador Dalí


THIS BOOK IS ABOUT STARGAZING, which is at once one of the oldest and most ennobling, and one of the newest and most challenging, of human activities. It weaves together—or entangles, insofar as my efforts have been less than felicitous—three strands.


The first is an account of my own experiences as a lifelong stargazer, principally the experience of what happens in the moment when ancient starlight strikes the eye and incites the mind. These encounters, involving as they do the inconceivably remote and the deeply intimate, have meant so much to me that it seemed inadequate to describe them solely through the eyes of others.


The second is a report on the revolution now sweeping through amateur astronomy, where depths of the cosmos previously accessible only to professionals or to nobody at all have been brought within the reach of observers motivated simply by their own curiosity. Many of these amateurs are content to enjoy the aesthetics of the cosmic spectacle. A few labor at what amount to unpaid careers as research scientists, a situation that raises the question of just what constitutes an amateur. Perhaps the best definition was offered by the amateur turned professional astronomer George Ellery Hale, who defined an amateur as “one who works because he cannot help it.”1


The third strand has to do with what’s out there—what Saturn, the Ring nebula, the Silver Coin galaxy, and the CorBor cluster really are, as best we humans can tell at this early stage in our cosmic investigations. Much remains to be learned, but in studying the stars—as in attending a concert, or watching a baseball game, or talking with an old friend—it helps to know a few things about the objects of your attention and affection.


Although this book is not intended to be a how-to manual of amateur astronomy, I hope that it will encourage its readers to make the glories of the night sky a part of their lives. The universe is accessible to all, and can inform one’s existence with a sense of beauty, reason, and awe as enriching as anything to be found in music, art, or poetry. No great familiarity with astronomy is required to read these pages, and readers encountering an unfamiliar term are encouraged to make use of the glossary. For those who wish to try their hand at stargazing, Appendix A, Observing Techniques, offers suggestions on getting started.


Casual observing of the stars and planets requires as little effort as casual bird watching, but serious amateur astronomers devote considerable time and effort to their avocation—not to mention lost sleep—and it seems reasonable to ask why they do it. I have asked many of them this question, only to find that most, like myself, simply got sensitized to stargazing at some point and stuck with it, for reasons they find as difficult to explain as why they married their spouse rather than someone else. Some mention the beauty of the planets, stars, nebulae, and galaxies. Others invoke the grandeur of the cosmos and their sense of belonging to it. A few mention that contemplation of the stars draws people closer to one another, by awakening us to our common status as fellow travelers on one small planet. As a Chinese amateur astronomer, Xie Renjiang, of Dalian, wrote me recently, “Astronomy is the most significant [way to] unify us. Although we have different skin colors and live in different countries, we should all be the family on this planet. No other cause is so noble in my eyes.”2


As this is a narrative work rather than an academic review, many estimable astronomers and telescope makers go unmentioned here—not through any deficiency of theirs but because they didn’t happen to fit into the story as I have told it. I can only apologize for these omissions with the plea that storytelling, like the Sun in the sky, obscures as much as it reveals.


In addition to the many stargazers whose cooperation was essential to my research and whose kindness and hospitality has been a boon, I am grateful to my wife and family, and to William Alexander, Andrew Fraknoi, Edwin C. Krupp, Owen Laster, Sara Lippincott, Alice Mayhew, Leif Robinson, Donna April Chua Sy, and Terra Weikel.


Seeing in the Dark was written in San Francisco, California; in Florence and Castiglione della Pescaia, Italy; and at Rocky Hill Observatory on Sonoma Mountain, California, from 1991 to 2001. Portions of it originally appeared, in a substantially different form, in The New Yorker.


— T.F.





I
THE SHORE






FROM THE OBSERVATORY LOG:
A PRIMATE AT DUSK


AT SUNSET ON A LATE AUTUMN DAY the skies have cleared, so I hike the two hundred paces from the house up the hill to the observatory. A two-day storm has scrubbed the sky clean of haze and left the fruit trees in the orchard bare, their dead leaves spread like vendors’ wares in soggy puddles of russet and yellow at their feet. The vineyards flanking the path are soaked, their leaves hammered into sheets of glistening gold. Lined up toward the top of the dirt path stand three farm structures, each sided in railroad-red clapboard and roofed with corrugated steel. The first is a barn, the second a tractor shed, and the third, pitched out over the hillside, is the observatory. Its roof rolls off.


Inside, I step around the cylindrical concrete pier that supports the telescope one story above. Two feet thick, rooted in bedrock far below, the pier stands at the heart of the observatory but touches it nowhere, an isolation imposed to prevent its picking up vibrations. Upstairs, I am gratified to find that the telescope, hunkered down on its concrete lily pad and safe beneath the low roof, has weathered the storm bone dry. I release a big red safety latch and heave my weight against the nearest aluminum stud. The roof emits a groan and starts rolling on its twelve steel wheels, until it has cleared away and suddenly I am outdoors again, under a promising sky of unblemished and darkening blue.


I tilt the telescope skyward and reach in through the struts of its skeleton tube to uncover the concave primary mirror, which returns a fleeting, funhouse image of my face—big, goofy jowls and diminished brow—as if to underscore the preposterousness of my primate pretensions, an ape out to learn about the cosmos. The mirror, wide as a serving platter and thick as a phone book, is figured in a parabola to an accuracy of better than one-eighth of the wavelength of sodium light, but until it reaches the same temperature as the surrounding air it will be somewhat warped. While waiting for the mirror to cool down, I sit at the desk, switch on a small red night-vision light (red light, long in wavelength and relatively low in energy, minimizes dazzle to the dark-adapted eye), and make an entry on the ruled page of the observatory logbook: Sky cloudless. Light southwest wind. Humidity sixty-seven percent and falling.


I consult a favorite old star chart. Its vanilla pages, crossed by thin grid lines on which the stars and nebulae hang like grapes on a trellis, are dotted with inked-in notes on observations made over the years: the trails of comets past; a penciled dot locating a quasar, its light a few billion years old; and the numbered distances of stars and nebulae, part of a lifelong effort to comprehend our immediate neighborhood, out to just a couple of thousand light-years or so, in three dimensions. But most of the inscriptions refer to galaxies, each designated by an unfilled oval on the star chart, each home to a hundred billion stars. The darkness is deepening, and their hour is at hand.





1.
Beginnings


Poor boy—leaves


moon-viewing


for rice-grinding.


—Basho


When you see a drop of water,


you see the nature of all the waters of the universe.


—Huang-Po


AT DAWN ON A DESERTED FLORIDA BEACH in 1954, the first rays of the Sun sent my father’s long shadow and my shorter one rippling like kite tails across the rumpled sands. We were out early to see what had washed up during the night. In the past we’d found a gleaming conch shell that whispered surf sounds like betrayed secrets; a dark, ancient wine bottle, stout and heavy as a stonecutter’s mallet; and a bottle with a note in it from an English schoolgirl who tossed it from the taffrail of a cruise ship in the Bahamas, a hundred miles away. The previous winter a freighter burned and sank in the Gulf Stream, and for weeks afterward cases of its cargo washed up, providing us with a set of new white wooden lawn furniture.


The rising Sun painted the seashore gold, lighting up the pear-amber flotation balls clustered in tangles of seaweed, the indigo sails of beached Portuguese men-of-war, and the miles of unbroken Australian pines that stretched south along the beach. My father in his faded swim trunks was golden, too. He’d been a boxer and a tennis pro, had grown fat and famous in the café society of prewar San Juan and Miami Beach, then gone broke and gone to work driving a truck. Now he looked like an athlete again, tanned and muscled, given to drawing lines on the beach so we could practice the standing broad jump and the hundred-yard dash. Weekdays he loaded forty-pound cement bags onto a flatbed truck and drove them to construction sites. On weekends he delivered wooden cases of soft drinks to gas stations and bait shops in the Everglades. Nights and early mornings, he sat at a typewriter propped on the rattan table in our tiny living room, writing short stories that he sold to magazines to bring in “extra” money. He’d stopped drinking when we fled the city, had escaped the boredom that stalked him when his name was in the gossip columns, and was full of wit and wonder.


“Look,” he said, touching my left arm lightly to bring me to a halt as we stepped gingerly around a delta fan of violet men-of-war tentacles. Up ahead, high on the beach, something strange was happening—a slow flurry in the sand, rhythmic and methodical. We advanced slowly, peering intently, trying to make sense of it. Scoops of sand flopped up and over, casting long shadows.


“It’s a sea turtle,” he whispered. “A loggerhead, I think. She’s been laying her eggs.”


Now I saw her—the enormous shell, so dusted with sand that it had been nearly invisible, and the big, powerful flippers, throwing sand into the hole beneath. My father explained that she had dug the hole five or six feet deep, laid something like a hundred eggs in it, and now was covering it up to keep them safe from predators. We backed away and watched as the turtle finished her labors. Then she heaved her gigantic form down to the shoreline and sank beneath the waves, her fins leaving strange, deep tracks on the beach.


My father found two fallen palm branches, handed one to me, and we swept the sand to erase the tracks, taking care not to step on the nest and pack it down, as this might hinder the little turtles when they hatched and clawed their way to the top. “It’s against the law to dig up turtle eggs, but people do it anyway,” he said, as we brushed. “If the nest is left alone, the baby turtles will dig their way out in a month or two and head straight back to sea. I don’t know how they find the water, or get along on their own out there, but at least some of them must manage it or there wouldn’t be any more sea turtles. Was it a full Moon last night?”


“I’m not sure.”


“May have been. It’s June, and they say loggerheads like to lay their eggs at the first full Moon in June. The tides are higher then, so the sea covers up more of the mother’s tracks. But you’d think she’d prefer the dark of the Moon. They’re usually done laying by dawn. This one was a bit late.”


“How do they know when it’s a full Moon—and the right full Moon?”


“I don’t know. A female loggerhead can wander from here to the Azores and find her way back to the same beach where she was hatched when it’s time to lay her eggs. Possibly they navigate by sensing the Earth’s magnetic field lines.”
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OUR LIFE ON THIS all-but-deserted coast was a species of economic exile, punctuated by the petty embarrassments that afflict the poor. Each morning I siphoned gasoline from the gas tank of our used car to prime the carburetor so it would start, then with the taste of petrol in my mouth took a small yellow bus to an abject school where I was regarded as well off because I wore shoes and a shirt. (To this day I burn with humiliation at the memory of having been thoughtless enough to ask a classmate, “Gabe, how come you don’t wear shoes to school?” to which he replied, in a wire-taut Appalachian drawl, “May-be if ah hay-ed some shoes, ah would way-air they-em.”) At the market my mother took groceries back from the checkout counter when we hadn’t the money to pay for them all, and through my flimsy bedroom door I could hear the strain in her voice as she contended with the landlord about when we would pay the rent.


But we lived in a beautiful part of this world. Our little house looked out across a windswept field of sea grape to the blue-green sea. At night the stars stood out so vividly that they seemed to crackle, and we would watch, transfixed, as the Moon rose the color of a blood orange, then changed into costumes of ermine and silver. My brother, Bruce, and I fell asleep each night to the subdued hiss and thunder of the waves—all alike, yet no two identical—and awoke to the same ceaselessly inventive sounds each morning, and did not understand that we were poor, and imagined that we were blessed.


Throughout those years, though we could afford no recreation beyond going to the drive-in movies two Friday nights a month, my parents always kept Bruce and me supplied with books. We got library cards and were thrilled when the librarian told us we could take home whole armloads of books at a time. For my ninth birthday I was given a chunky book with a green cover titled A Child’s History of the World. The author, a New England schoolmaster named V. M. Hillyer, stated on its first page that his purpose was “to give the child some idea of what has gone on in the world before he arrived” and “to take him out of his little self-centered, shut-in life, which looms so large because it is so close to his eyes; to extend his horizon, broaden his view, and open up the vista down the ages past.”1


It worked. Hillyer began by describing the formation of the Sun and its planets, at a time “long, long, long” ago, “when there was NO WORLD AT ALL!”2 I found this astonishing, then, and have ever since. It meant that the world we lived in was not the world but a world, a planet, and that all of it—the rolling waves, the seagulls, the mud that oozed up between my toes when Bruce and I stalked land crabs along the banks of the Intercoastal Waterway—was made of stuff that had not always been here but had once been out there, in the cosmos. The earth and mud had got here, Hillyer informed me, through astronomical processes. Those processes were in action in the tides and the phases of the Moon that the sea turtles seemed to know so well. If I wanted to understand this world, I’d need to broaden my view of space and time, as Hillyer implored. I’d have to learn astronomy.


Fortunately, astronomy turned out to be a wonderful subject. Soon I’d read all the astronomy books in the local library, along with dozens of science fiction novels that filled my head with notions of colonies on Mars and freighters plying routes to Ganymede and Titan.


My mother, who hadn’t had a new dress in two years, decreed that once a month we would make the long drive to the nearest bookstore, where Bruce and I could each purchase one new book of our own preference. Soon my single bookshelf held cherished copies of astronomy popularizations by Patrick Moore, Dinsmore Alter, and Bertrand Peek. My father, who had long been interested in land crabs—when we were younger he invented a genie named Sam the Crab Man, who caused ice cream treats to materialize in the freezer on paydays—sold to Blue Book Magazine a novella-length story, “The Fifth Assault,” in which giant crabs, mutated by radioactive fallout, attack the lone inhabitant of a desert island. (He was disappointed that the assailants in the pioneering monster film Them were not giant crabs but giant ants.) Our fortunes began to improve a bit. Dad got a white-collar job and we moved into a small house on Key Biscayne, an island off Miami that had been a coconut plantation, and bought a better car, and then a color TV.


The night skies over Key Biscayne in those days were inky dark and rock steady. The stars seemed close at hand, like the spangles inside a princely Bedouin tent. I learned the constellations from a book called The Stars: A New Way to See Them, written by H. A. Rey, coauthor and illustrator of the “Curious George” books. I would take a dining-room chair out to the front lawn, illuminate Rey’s book with a little flashlight whose lens I’d painted with my mother’s red nail polish, and trace the outlines of mighty Orion, Cygnus the swan flying south in the Milky Way, and the almost frightening Scorpius, swollen to gigantic size in the briny air along the southern horizon, its starry stinger lurking above the palm fronds.


Mars loomed in the east like a garnet out of Araby, getting brighter every night. I’d read that it was approaching opposition, the point when Earth lay in a direct line from Mars to the Sun so that the planets were close together, and that the opposition this year, 1956, was to be an especially favorable one. Mars would draw within 36 million miles of Earth, affording exceptional views of its polar caps and continent-like markings and prompting fresh debate over the reality of the famous canals, which the astronomer Percival Lowell believed to have been built by an ancient and parched civilization to ferry water to their cities from the poles. But to see these wonders required a telescope. I found a suitably cheap one in a tiny advertisement in the back of Popular Mechanics, and my parents gave it to me as an early Christmas present that fall.


Stargazers, like musicians, typically learn on inferior instruments, and my first telescope was suitably wretched. It consisted of a skinny tube made of Bakelite—a brittle and literally tacky substance that, like yogurt, is easier to recognize than to describe—mounted irresolutely atop a spindly tripod fashioned from wood so green that its legs bowed inward under their own meager weight. Into one end of the tube was glued a war-surplus objective lens with a diameter of 1.6 inches, giving it less light-gathering power than an ordinary pair of reading glasses. The other end held a cardboard eyepiece; you changed the magnifying power by taking it apart and reassembling its yellowing lenses into various bewildering combinations.


Nobody else could see much of anything through this telescope, nor did I have a great deal of initial success, lacking experience as I did—and having been a bit unnerved when, on one of my first attempts to use the thing, I looked through its four-power finder scope and was confronted by the grotesquely magnified image of a flying cockroach who had just landed on the tube and was scurrying my way. But I could see Mars—its polar caps, at least, and a few of the most distinct surface markings, especially the dark dagger shape of the northern hemisphere feature Syrtis Major—and the effect was transforming. Mars was, after all, a world, and even more mysterious then than it is today. Staying up late on cold, clear nights, out in the front yard watching Mars, I began to learn how to observe a planet. I came to realize that the air is rather like the lens of the eye, a curved membrane thinnest at its center—the zenith—and thicker toward the sides. That’s why the sky on a sunny day looks deep blue overhead and pallid near the horizon, and it means that planets are seen most clearly when highest in the sky.3 I learned that the highest powers of magnification do not necessarily produce the best results: Instead, for any given telescope, trained on a given object at a given time and place, there is an ideal power, a sweet spot. Once you’ve found it, the trick is to keep watching, waiting for moments when turbulence settles out of the air and the eye is treated to a gratifying and tantalizing instant of clarity—an instant as fleeting, yet as potentially significant, as the flash of insight that brings an original idea.


From the new TV inside streamed an advertising jingle: “Dream caaar, fifty-seven, Murr-cury,” for an automobile that bore the name of a planet and looked like a spaceship. The future seemed pregnant with the promise of discovery. What lay before me was nothing less than the whole universe. But to see more of it, I’d need a better telescope.


I got a job, along with two of my best friends, sweeping up the sidewalks and parking places in front of stores in the local shopping center on Sundays. It was hard, sweaty work, but it paid well enough that I soon had the down payment on a superior telescope. It had a solid mount, an enameled white tube, and a 2.4-inch objective lens whose components were mounted in an aluminum cell with a thin layer of air between them, instead of being glued together as had been the case with the 1.6-inch. (The glue in the old lens had already begun to separate and turn cloudy.) I still remember the thrill of opening the package when, after an eternity of waiting, the new telescope was delivered to our house—the sharp, spar-varnish smell of its wooden cases, the gleaming chrome and black enamel of its eyepieces, the weighty, oily worm gears of its spring-loaded slow-motion controls. I came to cherish it as an instrument of deliverance, the keys to a kingdom vast, ancient, and spectacular. With it, I saw the sand-colored rings of Saturn, the blue-white stars of Orion, the golden glow of the Omega Centauri star cluster, and a thousand other things so big, so venerable, so hot or cold as to balloon one’s sense of the plausible.


My father, meanwhile, became alarmed. Why was I sweeping sidewalks? I worked hard enough at school: That was my job. One had a lifetime in which to work; childhood was a time to dream. Late one hot Sunday morning I was wiping sweat from my eyes when he drove up in a borrowed convertible, the top down and the back-seat stuffed with brand-new beach toys—a football, a couple of beach balls, two inner tubes, and a rubber ball to bowl at stakes embedded in the sand, in a game he’d invented years ago. (My father could make a game out of anything.) He offered to pay me and my friends the rest of our month’s earnings if we’d stop laboring away and instead devote our Sundays to having fun. He’d also help me make the payments on the telescope. We kids looked at one another, turned in our brooms, jumped in the big open car, and went to the beach.


Some of my friends got telescopes for themselves. The ablest observer among them was Charles Ray Goodwin III, a boy of sufficient seriousness of mind that he was teaching himself Russian so that he could read Solzhenitsyn in the original. Chuck and I learned from books how to make drawings of the Moon and the planets with charcoal and colored pencils. Later we got hold of a couple of old cameras and took time-exposure photographs that recorded the lurid orange hue of the eclipsed Moon and the tangle of gas clouds that engulf the constellation Orion. A few of us formed a club—the Key Biscayne Astronomical Association, or KBAA—with Chuck as president, and started keeping observing logs, portentously filling them with sketches and data like those we’d seen in the books of the august, full-grown members of the British Astronomical Association.


From the KBAA logbook:


June 14, 1958. Observed from 21 hour to 23 hr, made no drawings. Seeing excellent. All observations were of deep space objects, in Cygnus, Scorpius, Ursa Major, and Lyra. A very good night.


July 6, 1958. Seeing fair. Three drawings of Jupiter made, one in color.


July 11, 1958. Good seeing. Observed deep space objects in Scorpius, also Delta Cygnus, Omega Centauri. We had as our guest John Marshall, from Evanston, Illinois, who was made a member and president of the Illinois branch of the KBAA.


Aug. 1, 1958. Ferris made his standard two drawings of Jupiter, and observed a few common deep space objects. The rising of the full moon interrupted observing.


August 24, 1958, predawn. Goodwin and Ferris observed M34, the double cluster in Perseus, Haydes in Taurus, and Mars from 3h 30m to 5h 30m.


As happens if you spend a lot of time outdoors at night, we encountered some unexpected spectacles. One night we saw a mighty fireball—a meteor, a chunk of rock probably no bigger than a golf ball but spectacular when seen hurtling into Earth’s atmosphere and burning up from friction with the air. I was bending to fetch a star chart from the lawn when suddenly the colors of the chart leaped into view—the blue of the Milky Way and the red oval galaxies on the white page, laid against an abruptly vivid carpet of bright green grass. I looked up and saw the whole neighborhood bathed in something approaching sunlight, with green coconut palms waving against a blue sky. Everything cast two shadows, one black and one red, and the shadows were shifting, clocking rapidly from north to south. In the sky I saw the fireball itself, silver and yellow with a red halo and brighter than the Moon, racing northwest and leaving behind a fading white trail flecked with gold.


Watching it fade I recalled a day, years earlier, when my mother had gone into a little rural grocery and I’d wandered over to the railroad crossing. All was quiet. The twilight sky was lavender and dark enough that Venus was out, hung above a freshly minted sickle Moon. Then the crossing-gate alarm gong started ringing, the big red lamps flashed, and the black-and-white-striped gates went down, blocking the dirt road. There was no train in sight, but the rails began to hum. I fished a penny from my pocket, laid it on the track, and dashed back a safe distance, having been warned that if you stood too close to a speeding train it could suck you in under the wheels. A yellow headlamp appeared in the distance and closed with incredible speed. The train flashed past—an express!—and shot through in a blast of noise, going so fast that my eye could capture only a few snapshots in the blur. There were tan cars with a blood-red stripe that rose from the diesel engine’s bullet snout and extended down the cars under their windows, in the warm yellow light of which I thought I caught a glimpse of dining tables covered in white linen. Then the train was gone, in a waft of vacuum that sent sheets of newsprint spiraling in the warm, moist air.


I stood there frozen, my jaw agape, staring after it. I’d been wearing a black cardboard cowboy hat and found that I’d taken it off and was holding it over my heart. Years later I heard an old recording by the Mississippi blues singer Bukka White that captured the sensation:


Got that fast special streamline,


Leaving out of Memphis, Tennessee,


Going into New Orleans.


Be runnin’ so fast the hoboes don’t fool with that train,


They just stand by the track


With their hat in their hands . . .


Play it lonesome, now, ’cause I’m a hobo myself sometimes.4


Visions like this one produced a sensation that I did not know how to express until, years later, I read what Einstein had to say about the lesson he’d learned from his first encounter with geometry, which, he recalled, provided a way “to free myself from the chains of the ‘merely-personal,’ from an existence which is dominated by wishes, hopes, and primitive feelings. Out yonder there was this huge world, which exists independently of us human beings and which stands before us like a great, eternal riddle, at least partially accessible to our inspection and thinking. The contemplation of this world beckoned like a liberation.”5


Decades later, back in Key Biscayne to give a talk, I found that its once-dark skies had been turned to fish-gray by urban lights. Efforts were under way to reduce the light pollution, by limiting the size of advertising signs and encouraging the use of hooded lamps that illuminate the ground without wasting energy on the sky. The stargazers working on the light-pollution issue had found allies among marine biologists concerned with nesting sea turtles. The turtles, it seems, prefer their beaches dark at night.





2.
Spaceflight


Given only the ships and right sails for the heavenly space, there will also be men unafraid of the terrible distances.


—Kepler, to Galileo


We have nothing to hide: We have nothing, and we must hide it.


—Nikita Khrushchev, to his son, on the Soviet space program, 1961


ON SATURDAY MORNING, October 5, 1957, in Key Biscayne, my father awakened me and thrust the front page of the Miami Herald up to my blinking gaze. It said the Russians had orbited Sputnik, the first artificial Earth satellite. We were astonished. Everyone had assumed that Americans would be first into space. Now, instead, the space race was on in earnest, and we were playing catch-up. At school Monday morning the principal addressed us on the PA system and said we were all going to have to work harder at science and math if we were going to beat the Russians.


The shock of Sputnik was good news to me and my friends in the astronomy club. We’d been in love with rockets and space for years, but nobody else much cared. Now, for a little while, pretty girls asked us questions about satellites and stared into our eyes while we explained how rocket engines work. We struggled to fashion stoic, jet-jockey replies to the cherished, breathless question, “Would you go into space?”


FLORIDA IN THE FIFTIES was a particularly futuristic part of a generally forward-looking society. Exotic military aircraft designated X for experimental, flying out of Homestead and Cape Canaveral, etched long, high contrails across the Kodachrome-blue skies, and we kids traded airplane cards bearing their pictures. The newspapers were full of UFO stories. Movies about alien invasions and men flying to the Moon were playing at the drive-in. The Sunday morning TV lineup featured a smoothly produced propaganda series, The Big Picture—Our Army in Action, narrated in stirring tones by Master Sergeant Stuart A. Queen. It opened with a disquieting shot—intended, no doubt, to be reassuring—of a howitzer firing a nuclear shell that, after a long pause, detonated in the distance, producing a signature mushroom cloud. In evocatively illustrated books like Across the Space Frontier, the rocket scientists Wernher von Braun and Willy Ley promoted plans to build a big wheel-shaped space station in Earth orbit, establish a lunar base, then send astronauts to colonize Mars. I glued together a plastic model of the gigantic rocket that would get them there, and launched it, with elaborate countdowns, from a paving stone on our bright green lawn.


The space race heated up soon after we moved to Key Biscayne. Rockets launched from Cape Canaveral often passed almost directly overhead, skirting the coastline. (One night on a radio interview program an Air Force general was asked why rockets launched from the Cape didn’t fly directly above Miami. “Well, it’s always remotely possible that a missile launched on that trajectory might crash into downtown Miami, destroying buildings and setting massive fires,” he replied, “and that would be bad for the morale of my men.”) Rockets had been blowing up with dismaying regularity—notably Vanguards, the civilian missiles that were to have paved a peaceful way to space as part of the International Geophysical Year, but Jupiter, Thor, and Atlas missiles were immolating themselves, too—and when launches did go well they frequently happened hours or days late. The scheduled launch times were generally not made public, lest such embarrassments become even more of a spectacle than they were already, but occasionally a launch would be covered on live TV, providing us stargazers with a good chance of seeing it in the sky.


From the KBAA logbook:


Friday night–Saturday morning, December 5–6, 1958. At 12:45 watched a moon shoot on NBC TV, then went up on the roof and watched the first stage burnout. No vapor trail. Mission was to fly a Pioneer III probe near the Moon, but news reports say firing error will bring rocket back tonight after reaching an altitude of about sixty thousand miles. At 9:45 A.M. took photos of Sun using solar filter and 25-mm eyepiece.


Other launches came as a surprise.


January 30–31, 1959. Chuck and I observed Mars, but made no drawings. While we were observing, I looked up to see a Thor missile arcing across the sky, vapor trail streaming behind, lit up by a 1-million-candlepower lamp mounted on the rocket. We then went up on the roof to watch for an Atlas missile due to fire at 11:00 P.M. But the Atlas was not fired, and we descended from the roof at midnight. Observed Orion nebula. The Moon rose and was photographed. Went to sleep at 5:00 A.M. local time. In all, a fairly successful night and morning.


Having seen a couple of rockets roar past, we were hooked. My father would call a journalist friend, Ben Funk, who covered Cape Canaveral for the Associated Press. Ben would tip us off to scheduled launch times; then Chuck and I would go up on the roof, set up a borrowed camera, and wait. Knowing that rockets were bathed in powerful searchlights when a launch was imminent, we scrutinized the northern horizon, convinced that we could tell that the launch was coming if the horizon grew “warm.” As the launches were often long delayed or canceled, we spent many hours on the roof for every time we actually got to see a rocket, so it made sense to pass the time by stargazing. Tiled and pitched, it wasn’t the most accommodating roof, but we managed to haul my telescope up there and to set up my mother’s ironing board as a chart table. One night a police patrolman, spotting our silhouettes on the roof with our gear past midnight, rang the doorbell and awakened my mother.


“Ma’am,” he said politely, “do you know that there are two men with what appear to be rifles standing on your roof?”


“Oh, yes, officer,” she replied, yawning as she cinched up her bathrobe. “It’s perfectly all right.”


On August 12, 1960, a couple of weeks before my sixteenth birthday, NASA orbited a gleaming silver Mylar space balloon, a hundred feet in diameter, called Echo 1. A radio message bounced off it traveled from coast to coast. President Eisenhower said this demonstrated the feasibility of passive communications satellites, but what mattered to me was that Echo could be seen with the unaided eye, a bright beacon in space as readily visible as a tall ship on the horizon. The faded pages of my log book for August 14–17, 1960, show that I would watch it glide across the sky at night, then get up before dawn to see it again, observing it seven times in four days. I felt like an ancient lungfish contemplating the land from the sea. We could get up there.


I got a driving permit the day I turned sixteen, borrowed my mother’s car, and drove up to the Cape, where Ben Funk had reserved a motel room for me and my friends. Just down the hall from the AP bureau, it had a splendid balcony view of the launch pads. I was amazed, after years of reading descriptions of imaginary spaceports in the works of Robert Heinlein and other science fiction writers, to see what a real one looked like. The vastness of its intentions was reflected in its imposing scale—the gleaming rockets standing against primary-color blue skies and billowing white clouds just like those on the airplane cards, the blockhouses set back miles from the launch pads, and the security gates miles farther away still. What had been a dream was now reality, spread out across the Florida flatlands.


Having been advised by teachers and school counselors (accurately) that it would be difficult to earn a living as a writer, and (archaically) that I would have to learn Latin if I wanted to be a scientist, I instead studied English and communications, at Northwestern University, with the intention of becoming a lawyer. I’d been alienated from school since the middle of the fourth grade and my indifferent study habits persisted into college, where I seldom cracked a textbook, preferring to read poetry and philosophy at night and compose songs on a battered steel-string guitar. The only science course I took was taught by a bearded astronomer whom we freshmen regarded as an old man. When he said in class, “It is possible that one of us here in this room will one day fly in space,” a skeptical murmur rose in the hall; most of us, I think, assumed that we’d been born too soon to entertain any such hopes. As it turned out, the one person in that room who assuredly did go into space was our venerable professor. His name was Karl Henize, and the year after I graduated he left teaching to join the astronaut corps, flying on the space shuttle Challenger in 1985. A few years later I ran into him at a banquet and took him for a late-night ride in a Porsche. When we hit high speed Karl laughed out loud, shouting, “This is the sort of car we astronauts are supposed to drive.” Karl died in 1994, nearly seventy years of age, of hypoxia while climbing Mt. Everest. His body is buried there, at an altitude of 22,000 feet.


I’m ashamed to say that I studied little for Karl’s class. Preoccupied with coeds and cars, I missed most of the labs and was on the verge of failing when, at the last lab meeting, held out under the stars on the Lake Michigan shore, I saw a satellite headed east.


“Excuse me,” I said to the graduate student who was holding forth. “Sorry to interrupt, but I thought everyone might be interested to see that there’s a satellite passing over. I’d have waited to mention it, but if I calculate correctly it’s about to go into the Earth’s shadow.”


We all looked up and watched the satellite glide along in its perpetual Newtonian fall. Moments later, it vanished. The grad student grinned in the dark, and I passed the course.





3.
The Ozone


Sparrows in eaves


mice in ceiling—


celestial music.


—Basho


It is not always that there is a strong reason for a great event.


—Samuel Johnson


AT TWILIGHT ON KEY BISCAYNE in 1959, as the stars were coming out, I admired a brilliant crescent Venus through the telescope while Chuck tuned his handheld radio, searching through its shortwave bands and at the top of the AM commercial broadcast band and moving its rod antenna like a wand, seeking sounds from far away. The radio didn’t look like much, but it could “bring in,” as we said in those days, the voices of ham radio operators in what I imagined to be icebound cabins above the Arctic Circle and thatched huts in Mandalay, as well as the official “voices” of Moscow, China, and the BBC with the chimes of Big Ben sounding the hour. For timing events such as eclipses of the moons of Jupiter we tuned the radio to WWV, the Bureau of Standards atomic clock, and recorded our squeaky voices on an equally squeaky reel-to-reel tape deck over the throbbing beats that marked each second of the passing time that ushered the stars across the sky and ourselves toward the dimly anticipated pragmatisms of our approaching adulthood.


NIGHTS ARE PRIME TIME for radio listening, for it is then that the ionosphere firms up overhead, bouncing radio signals between continents. The radio pioneers used to call this reflective layer “the ozone,” after the form of oxygen (O2 and O3) that one smells after thunderstorms and around electric motors. (The ionosphere does contain some ozone, but is distinct from the “ozone layer,” which lies less than a third as far up in the atmosphere, only twenty miles high.) At night, when the Sun stops stirring it up, the ionosphere congeals—in patches, like sargasso—and radios get legs. Signals from far away begin rising up out of the background noise, washing in and out with an alluring unpredictability.


Our favorite station during long nights of stargazing was WLAC, in Nashville, Tennessee. It was there that we first heard the blues.


Florida in the fifties was racially segregated by both law and custom, and Florida radio was segregated, too. All the big stations played white music only—a marketing situation common throughout the South, one that Elvis Presley’s future manager, Colonel Tom Parker, had in mind when he predicted that he could make a fortune if he could find a white boy who sang like a black boy. The few stations that catered to Florida’s black residents were mostly low-wattage operations, literally on the fringe out near the end of the dial, and they seldom played the blues. So we heard virtually no blues, and very little of the exciting new recordings through which black artists like Chuck Berry, Little Richard, and Fats Domino were transmuting the blues into rock and roll—until the night, listening to Chuck’s radio out under the stars, that we discovered WLAC.1


WLAC, a “clear-channel,” fifty-thousand-watt Nashville AM station, was owned by the Life & Casualty Insurance Company—a fact I heard repeated so often on the air that the phrase “life and casualty” became my youthful mantra, a summing up of the mysterious unpredictability of the human situation—and it treated black music as a happy fact of life, natural as moonlight and moonshine. The station’s motto was “Health, Thrift, Entertainment, and Education,” and its advertisements were almost as entertaining as its music: “Live baby chicks delivered right to your door! One hundred ten of the finest baby chicks you ever saw, for the low, low price of just $2.95!” “Royal Crown hair dressing and Royal Crown pomade, the light, bright, modern way to keep your hair in style.” “Ernie’s Record Mart! Man, they got ’em, records galore at that store!”


In this fashion, huddled around the radio in twos or threes, we white boys were initiated into the rootstock of black American music, a glimpse that was all the more enticing because it was so difficult to obtain: The sound swelled and faded with the vicissitudes of the “ozone,” raising groans when it deprived us of a B.B. King guitar solo or a Sonny Boy Williamson verse. Stargazing all night with WLAC playing fitfully on Chuck’s radio, I came to think of astronomy and music as woven together, though I did not yet know that this was already an old story back when Kepler wrote of the music of the spheres to Galileo, a musician’s son.


I got a car—a raw, street-legal racer, bought in steaming rain off the track at Palm Beach Raceway—and became one of the millions for whom the cult of the highway is married to that of the radio. Late at night on long, high-speed drives on two-lane blacktops through the South and across the Mississippi into the West, in the stark cockpit with its mingled smell of leather, oil, and scorched primer paint, over the rolling thunder of the car’s dual exhausts came WLAC, WWL in New Orleans, and cherished scraps of the black disk jockey Early Wright’s blues broadcasts out of Clarksdale, Mississippi. (“That was a beautiful record I dropped on you for your listening plea-sure,” Early Wright would say, often without otherwise bothering to identify it, on the assumption that his listeners knew their Delta blues.) Then, heading west, came the big, clear-channel R&B stations out of Chicago, which across the great reaches toward California faded to static, a whispered dialogue of Earth and Sun murmured along the magnetic field lines that arced to the pole, interrupted by pirate stations across the Mexican border carrying the bleak pleas of revival-tent evangelists: “Ladies, if you’re pregnant, be sure to send for our ‘Expectant Mothers Prayer Booklet.’ It only costs a nickel. One woman didn’t, and her child was born with one big eye in the center of its forehead!”


One star-filled night west of Abilene, a few minutes after passing a long freight train that ran parallel to the road, billowing smoke from its twin steam locomotives, I heard from somewhere off the ozone an old blues recording so powerful that it brought tears to my eyes, obliging me to pull over and stop:


Let the Midnight Special


Shine its light on me.


Let the Midnight Special


Shine its ever-loving light on me.


The Midnight Special was the train that an escaped convict might hope would carry him to freedom. The singer was Huddie Ledbetter, better known as Leadbelly, a convicted murderer whose songs appealing for clemency had twice helped him win release from prison. Hearing songs like “The Midnight Special” and Blind Willie Johnson’s peerless “Dark Was the Night” got me tangled in the blues, and I became one among many young white guys who learned to pick out on the guitar tunes written in circumstances so remote from our own that they might as well have happened on another planet. I came to think of the blues singers of the American South as akin to orphaned stars, points of light in the wider darkness.


If you’re young and don’t know where you’re going, the highway is an excellent place to be. The police officers I met along the way would sometimes ask, “What’s the hurry?” but there was no hurry. A dedicated high-speed driver isn’t anxious to get somewhere; he’s already there, where he wants to be—at speed, with the car seemingly shrunk to the size of a motorcycle, or the motorcycle to something not much larger than his hands and wrists, screaming down a road that also has shrunk, to the thickness of one pounding vein, in which somehow there is always just enough room to get by, with nothing in his ears and mind but the scream of the engine and the sound of good strong music, bounced off the “ozone.” Endlessly flying up the road—and for some reason, late at night, two-lane blacktops always seemed to be leading upward—peering into the headlights’ yellow ellipse, I was as alone as some future astronaut adrift in the hard vacuum past Titan. But I never felt lonely. I was in just the right place.


The highways back then were dark, and the stars kept you company. They’d already been banished from downtown New York, Chicago, and even St. Louis, but out on the open road they were almost always with you, in pinpoint sprays like bouquets of spring flowers, decorating the periphery of your vision. If you pulled over to stretch your legs or take a sip from a pint of bourbon, the stars would fill the windshield as soon as you killed the headlights. Leaning back into the worn leather seat and gazing at them through the tempered glass, listening to cosmic rock or blues crackling out of the speaker in the center of the dash while the cooling engine headers and exhaust pipes crackled back in reply, you felt at home. You knew what the elderly Chuang Tzu meant when, asked by his disciples what sort of funeral arrangements he preferred, he said, “My coffin will be Heaven and Earth; for the funeral ornaments of jade, there are the Sun and Moon; for my pearls and jewels, I shall have the stars and constellations; all things will be my mourners. Is not everything ready for my burial?”2


Because the ionosphere is full of holes, not all the music broadcast by the big radio stations bounces back to Earth. Some of it goes right through, escapes into space, and speeds on to the stars. Bits and pieces of the blues tunes we heard in the fifties are still out there, moving through space at the velocity of light. Fats Domino’s “Blueberry Hill” and Sonny Boy Williamson’s “Nine Below Zero” have reached hundreds of stars by now, some of which have planets. They could in theory have reached an extraterrestrial audience, if there’s anyone there glued to a radio set sensitive enough to pick them up. In principle we could hear their broadcasts, too, as well as stronger signals intentionally dispatched, which with existing radio telescopes could be detected from star systems thousands of light-years away.


This is not a new realization—Marconi and Tesla, pioneers in radio engineering, knew that radio signals could cross space, and had listened for signals from Mars—but technology had by now advanced to the point where such dreams could be turned into real possibilities. In the fifties, astronomers got hold of microwave receivers developed for radar installations during World War II and hooked them up to dish antennas to form radio telescopes. These “radio astronomers” studied the natural radio energy emitted by galaxies and nebulae, and bounced radar signals off Venus and the Moon. The journals that we amateur astronomers pored over began to publish not just photographs of galaxies but radio maps of them too, in which the dark, unseen outer reaches of these gigantic cities of stars were shown to extend far beyond their visible parts, like melting butter around an egg in a frying pan. In 1960, a young astronomer named Frank Drake aimed a radio telescope at two nearby stars that resemble the Sun and listened for artificial signals, inaugurating what came to be called SETI—the Search for Extraterrestrial Intelligence.


By the end of the twentieth century, a half-dozen privately funded SETI projects were under way, and more than a million people in a couple of hundred nations were donating idle time on their home computers to comb through SETI data, looking for signals. The data, collected mostly by the giant radio telescope at Arecibo, Puerto Rico, were dispatched via email to personal computers in Germany, Sweden, the Netherlands, Mongolia, and the Congo, and the processed results were automatically sent back the same way. High-tech corporations formed teams, each hoping to detect the first signal, that competed with one another over who could analyze the most SETI data the quickest, on work stations left humming through the night. In a matter of months after its inception, this novel experiment in amateur volunteerism, called “SETI@home,” had built itself into the world’s largest supercomputer, carrying out the largest computation project ever achieved on planet Earth.3


Seth Shostak of the SETI Institute was observing at Arecibo one night in 1999 when I called to ask how it was going. He said that SETI@home, by scrutinizing data that had been collected weeks before, nicely complemented the coarser, real-time analysis his team does at the telescope. His explanation of the rationale behind the project sounded a lot like what Chuck and I used to do with that little radio under the stars:


“We process our data more or less in real time,” Shostak told me. “Right now we’re monitoring twenty million channels. We pick up signals that look like ET all the time—several every minute—and when we get a good candidate, which happens about once a minute, we send it to a second telescope and check it right away. This is important, because any signal coming to us from a kiloparsec [3,260 light-years] or more away is subject to interstellar scintillation—changes in the signal strength—caused by the hot gas clouds between the stars. It’s in many ways analogous to what you hear on your AM radio. In California, you might pick up WLS in Chicago for a minute or two, and then a minute later not get it, because of changes in the ionosphere. Something similar can happen over long distances in the galaxy. You might hear something and then go back to it and find that it’s no longer there, because you went back when it was down in amplitude, owing to interstellar scintillation.”4


Detection of an alien radio signal presumably would constitute the greatest discovery in the whole history of science, but nobody really knows what it would be good for. Despite a certain amount of loose talk about advanced aliens teaching us to cure cancer or end war—which reflects, I suspect, a rather parochial view of what they’d have on their minds—we don’t know whether an alien message could be decoded, or, if so, whether the worldview it evinced would overlap with our own enough to permit comprehension, much less communication. My own expectation is that the message, although not terribly difficult to translate, will be so long and complex that to understand and absorb it would involve establishing entire institutions, in something like the way that European universities were founded to interpret the works of Aristotle.


But that’s because SETI is genuine exploration. Columbus didn’t know what he was going to find, either. It’s said that Michael Faraday, experimenting with electrical generators in the 1830s, was asked by the British chancellor of the exchequer, William Gladstone, what use such a thing might be. “I know not,” he replied, “but I wager that one day your government will tax it.”5 If we can predict the outcome of an enterprise, it’s not exploration.


Which bears on the question of why an advanced civilization on a planet orbiting a distant star, presumably possessed of vast learning and a technology that beggars that of an infant civilization like ours (which has been on the air for merely a century), should bother sending signals that we can detect, or listening for our old radio broadcasts. If we envision alien civilizations as monoliths, there would seem to be little practical value in such an endeavor, except perhaps to enrich their studies of various biological and sociological systems—peering at us coldly, as through a dissecting microscope. But as our own planet demonstrates, intelligent societies need not be monolithic. They may instead thrive on the diversity that permits individuals to do things for no better reason than that they feel like it. In that sense, the first message we receive may have been transmitted, not by the Grand Pooh-Bah in charge of a galactic federation, but by the alien equivalent of a high-school ham club. Nor do the first aliens to pick up The Jack Benny Show and I Love Lucy need to be scientists, their tentacles manipulating dials of a big radio telescope on Upsilon Andromedae 3. They could be just kids like Chuck and me, searching the “ozone” for something new.


Much has been made of how we ought to feel chagrined by the possibility that the first impression humans make on aliens will be based on Amos ’n Andy or Bill “Hoss” Allen’s nightly show on WLAC. But there’s something to be said for humor and music, as opposed to the earnest intonations of official proclamations issued by politicians, and in a sense the old radio shows are more honest for being incidental, and lie closer to the wild spirit of the real explorers.


In the 1970s I produced a phonograph record that was launched aboard the twin Voyager interstellar space probes, a sampling of Earth’s cultures for the benefit of anyone who might encounter the spacecraft in the course of their billion-year wanderings through the stars. Among the twenty-seven pieces of music on the Voyager record—which range from Bach and Beethoven to Javanese gamelan music, an ancient Chinese ch’in piece, and Blind Willie Johnson’s “Dark Was the Night”—we included one rock and roll song, Chuck Berry’s “Johnny B. Goode.” It depicts a rural youth’s hope that his playing can win him fame in the big city:


He used to carry his guitar in a gunny sack


And sit beneath the trees by the railroad track.


Oh, the engineers would see him sitting in the shade,


Strumming to the rhythm that the drivers made.


People passing by would stop and say


Oh my that little country boy could play.6


The record occasioned a skit on the television comedy show Saturday Night Live in which earthly scientists receive a radio signal from an alien civilization that has intercepted the Voyager spacecraft and played the record. Their message: “Send more Chuck Berry!”


In restless youth I crossed the country a half-dozen times, driving by night, tuned to the ozone, but eventually things changed. The highway back then was a symbol of freedom, and one still heard talk of “the song of the open road.” Now there are few genuinely open roads. The two-lane blacktops are pinched off by detours, and traffic can clog even remote stretches of interstate in the depths of night. Most of the time you drive as if in one car of an endless train, with taillights in the windshield and headlights in the rearview mirror. Nowadays the only truly open roads go straight up—through the ionosphere and the ozone, and on to the planets and the stars.





Standing Watch:
A Visit with Mr. White Man


[image: logo]


AT CHABOT OBSERVATORY in Oakland, California, on a Saturday evening in the early 1990s, having just given a lecture to benefit this public science center, I stopped in at the dome that housed its 20-inch John Brashear refractor—built in 1914 and still a fine instrument for studying the planets. A docent walked me over. Inside the big, cream-colored dome a hundred schoolchildren were waiting in line to climb a set of steps and have a look through the eyepiece. An elderly astronomer stood by, helping each child adjust the focus and whispering to each of them about Saturn, its size and distance and composition, and the fact that the dot of light to one side was not a star but its satellite Titan.


“Who is that?” I asked.


“Mr. Wightman,” the docent answered. He pronounced it “White Man,” and, indeed, Kingsley Wightman was one of the whitest men I’d ever seen. His hair was white, his skin was nearly as white as good bond paper, and he was dressed all in white. He seemed like an apparition, born with the telescope (actually he was thirty-three years younger than that), a living link with the astronomy of the prior century. The docent informed me that due to Chabot’s funding problems—the observatory was at that time operated by the cash-strapped Oakland public-school system—Mr. Wightman had not been paid for his work in years. Yet he continued to show up for public sessions, insistent on showing children the planets and stars. I waited for a break, then introduced myself.


“How may I be of help to you?” Mr. Wightman asked, with a slight bow.


“I know Chabot has been having financial troubles,” I said. “How are things going?”


He laughed. “That, sir, is the very history of Chabot Observatory. Every semester, the question confronting us is, ‘How can we possibly keep Chabot open for just one more semester? If we can keep it open for just one more semester, we ought to be able to solve this budget crisis.’ Every year I go and speak, here and there, about the value of Chabot, and why we should keep it open. They say, ‘But, Kingsley, we don’t have enough money to teach reading, writing, and arithmetic: Why should we be teaching astronomy?’ But then, they get one look through the telescope . . .” He shook his head, and his voice trailed off.


Thereafter I often thought about Mr. White Man, and made a point of stopping in to see him when I was in the neighborhood on public nights. I learned that the observatory had been built at the instigation of the Oakland school superintendent, James C. Gilson, and was named for Anthony Chabot, a hydraulic engineer and philanthropist who had laid many of the city’s first water pipes. Wightman told me that he had graduated from Berkeley with a degree in education and had then gone back and studied astronomy in order to get a job teaching public school in Oakland. “I was thrilled to teach at Chabot Observatory,” he recalled. “I got hooked the first time I looked through the telescope, and evidently it had the same effect on other people.”


Saturn literally moved him to tears. “Saturn, to my mind, is just a beautiful object,” he said. “The proportions, the symmetry, the colors. Imagine my enthusiasm upon first seeing that planet! And it’s just as great now.”


Over the years, while Wightman and his colleagues struggled to keep Chabot open, civic leaders formed a foundation to raise money for a Chabot Science Center that would house the telescopes and provide the community with a new planetarium and teaching facilities. One day the word came through that they had succeeded in obtaining a $17-million grant, toward what would eventually become a $74.5-million facility that opened in the year 2000.


On a Saturday night after the grant was announced, I stopped in at the old observatory and was gratified to see Mr. Wightman there, under the vanilla dome, showing Jupiter to a line of schoolchildren. When he had finished I congratulated him on the new grant.


“We did it!” he said, laughing gleefully. “For years, it was, ‘How can we possibly keep Chabot open for just one more semester?’ Now we have money pouring out of our ears! It’s, ‘Do you need a little more money, Kingsley? Would a million do it? Would you like two million?’


“I’ll tell you one thing,” he confided, leaning close and lowering his voice. “They don’t talk about closing you down anymore, once you’ve got seventeen big ones!” A new group of schoolchildren entered the dome, and Mr. White Man bade me a courtly goodbye. I watched as he made his way to the wheeled steps, his left arm trembling slowly with palsy. He took the first student by the hand and led her up to the telescope.





4.
Amateurs


Amateur, from the French, amateur, Latin, amator . . . to love.


—Oxford English Dictionary


To know something is not as good as loving it; to love something is not as good as rejoicing in it.


—Confucius


AT SUNDOWN AT A STAR PARTY on the high Texas plains near Fort Davis, west of the Pecos, the parched landscape was crowded with telescopes. Reared against the darkening skies to the west rose a set of rolling foothills known jocularly as the Texas Alps. To the east of us lay dinosaur country, with its wealth of oil.


The stars came out with imposing clarity—Orion fleeing toward the western horizon, pursued by the dog star, brilliant white Sirius, the square of Corvus the crow to the southeast, the scythe of Leo the lion near the zenith. The planet Jupiter stood almost at the zenith; scores of telescopes were pointed toward it, like heliotropes following the Sun. As the gathering darkness swallowed up the valley, the sight of the observers was replaced by land-bound constellations of ruby LED indicators on the telescopes’ electronics, the play of red flashlights, and voices—groans, labored breathing, muttered curses, and sporadic cries of delight when a bright meteor streaked across the sky. Soon it was dark enough to see the zodiacal light—sunlight reflected off interplanetary dust grains ranging out past the asteroid belt—stabbing the western sky like a distant searchlight and looking like what Omar Khayyam and his translator Edward FitzGerald referred to as “Dawn’s Left Hand.” When the Milky Way rose over the hills to the east, it was so bright that I at first mistook it for a bank of clouds. Under skies this transparent, the Earth becomes a perch, a platform from which to view the rest of the universe, rather like the foothold one achieves at the top of a rickety stepladder in order to peer into the eyepiece of one of these giant Newtonian telescopes.


I HAD COME HERE to observe with Barbara Wilson, legendary for her sharp-eyed pursuit of things dark and distant. I found her atop a small ladder, peering through her 20-inch Newtonian—an instrument tweaked and collimated to within an inch of its life, with eyepieces that she scrubs with Q-tips before each observing session, using a mixture of Ivory soap, isopropyl alcohol, and distilled water. On an observing table, Barbara had set up The Hubble Atlas of Galaxies, the Uranometria 2000 star atlas, a night-vision star chart illuminated from behind by a red-bulb light box, a laptop computer pressed into service as yet another star atlas, and a list of things she hoped to see. I’d never heard of most of the items on her list, much less seen them. They included Kowal’s Object (which, Barbara informed me, is a dwarf galaxy in Sagittarius), the galaxy Molonglo-3, the light from which set out when the universe was half its present age, and obscure nebulae with names like Minkowski’s Footprint, the Red Rectangle, and Gomez’s Hamburger.


“I’m looking for the jet in M87,” Barbara called down to me from the ladder. M87 is a galaxy located near the center of the Virgo cluster, sixty million light-years from Earth. A white jet protrudes from its nucleus. It is composed of plasma—free atomic nuclei and electrons, the survivors of events sufficiently powerful to have torn atoms apart—spat out at nearly the velocity of light from near the poles of a massive black hole at the center of this giant elliptical galaxy. (Nothing can escape from inside a black hole, but its gravitational field can slingshot matter away at high speeds.) Astronomers study the structure of the jet to map dark clouds in M87—clouds whose locations and densities can be inferred from the way the jet stacks up where it has collided with them—and to reconstruct, from knots and clumps along the line, the differing amounts of stuff ejected from the vicinity of the black hole in its recent history. To do this they use the most powerful instruments available to them, including the Hubble Space Telescope, the twin ten-meter reflectors at Keck Observatory in Hawaii, and the Very Large Array, a Y-shaped deployment of twenty-seven radio dish antennas splayed across the desert in New Mexico. I’d never heard of an amateur’s having seen it.


There was a long pause. Then Barbara exclaimed, “It’s there! I mean, it’s so there!”


She climbed down the ladder, her smile bobbing in the dark. “I saw it once before, from Columbus,” she said, “but I couldn’t get anybody to confirm it for me—couldn’t find anyone who had the patience that it takes to see this thing. But it’s so obvious once you see it that you just go, ‘Wow!’ Are you ready to try?”


I climbed the ladder, focused the eyepiece, and examined the softly glowing ball of M87, inflated like a blowfish at a magnification of 770x. No jet yet, so I went into standard dim-viewing practice. Relax, as in any sport. Breathe fairly deeply, to make sure the brain gets plenty of oxygen. Keep both eyes open, so as not to strain the muscles in the one you’re using. Cover your left eye with your palm or just blank it out mentally—which is easier to do than it sounds—and concentrate on what you’re seeing through the telescope. Check the chart to determine just where the object is in the field of view, then look a bit away from that point: The eye is more sensitive to dim light just off-center than straight ahead. And, as Barbara says, be patient. Once, in India, I peered through a spotting telescope at a patch of deep grass for more than a minute before realizing that I was seeing the enormous orange-and-black head of a sleeping Bengal tiger. Stargazing is like that. You can’t hurry it.


Then, suddenly, there it was—a thin, crooked, bone-white finger, colder and starker in color than the pewter starlight of the galaxy itself, against which it now stood out. How wonderful to see something so grand, after years of admiring its photographs. I came down the ladder with a big smile of my own. Barbara called a coffee break and her colleagues departed for the ranch house cafeteria, but she remained by the telescope, in case anyone else came along who might want to see the jet in M87.


Amateur astronomy had gone through a revolution since I started stargazing in the fifties. Back then, most amateurs used reedy telescopes like my 2.4-inch refractor. A 12-inch reflector was considered a behemoth, something you told stories about should you be lucky enough to get a look through one. Limited by the light-gathering power of their instruments, amateurs mostly observed bright objects, like the craters of the Moon, the satellites of Jupiter, the rings of Saturn, along with a smattering of prominent nebulae and star clusters. If they probed beyond the Milky Way to try their hand at a few nearby galaxies, they saw little more than dim gray smudges.


Professional astronomers, meanwhile, had access to big West Coast telescopes like the legendary 200-inch at Palomar Mountain in Southern California.1 Armed with the most advanced technology of the day and their own rigorous training, the professionals got results. At Mt. Wilson Observatory near Pasadena, the astronomer Harlow Shapley in 1918–19 established that the Sun is located toward one edge of our galaxy, and Edwin Hubble in 1929 determined that the galaxies are being carried apart from one another with the expansion of cosmic space. At Palomar, Allan Sandage age-dated the stars, Halton Arp probed the structures of “peculiar” galaxies, and in 1964 Maarten Schmidt and Jesse Greenstein discovered that quasars are remote—the fiery nuclei of young galaxies whose light has taken billions of years to reach us. Professionals like these became celebrities, lionized in the press as hawk-eyed lookouts probing the mysteries of deep space.


Which, pretty much, they were: Theirs was a golden age, when our long-slumbering species first opened its eyes to the universe beyond its home galaxy. But observing the professional way wasn’t usually a lot of fun. To be up there in the cold and the dark, riding in the observer’s cage and carefully guiding a long exposure on a big glass photographic plate, with icy stars shining through the dome slit above and starlight puddling below in a mirror the size of a trout pond, was indubitably romantic but also a bit nerve-racking. Big-telescope observing was like making love to a glamorous movie star: You were alert to the honor of the thing, but aware that plenty of suitors were eager to take over should your performance falter. Nor did academic territoriality, jealous referees, and the constant competition for telescope time make professional astronomy a day at the beach. As a brilliant young cosmologist once told me, “A career in astronomy is a great way to screw up a lovely hobby.”


So it went, for decades. Professionals observed big things far away, and published in the prestigious Astrophysical Journal—which, as if to rub it in, ranked papers by the distances of their subjects, with galaxies at the front of each issue, stars in the middle, and planets, on the rare occasion that they appeared in the Journal at all, relegated to the rear. Amateurs showed schoolchildren the rings of Saturn at 76 power through a tripod-mounted spyglass at the State Fair, and sent snapshots of themselves (smiling, standing next to a homemade reflector in the yard) to Sky & Telescope—a fine publication, but not the eminent ApJ. Inevitably, a few professionals disdained the amateurs. When Clyde Tombaugh discovered Pluto, the astronomer Joel Stebbins, usually a more charitable man, dismissed him as “a sub-amateur assistant,” adding that since the existence of Pluto “was predicted by the amateur [Percival] Lowell” and was confirmed with a telescope “made largely by another amateur, the Reverend Joel H. Metcalf,” it followed that if Pluto was a planet, its discovery amounted to “the greatest joke that ever happened to the astronomical profession.”2 There were of course professionals who kept up good relationships with amateurs, and amateurs who did solid work without fretting over their status. But generally speaking, the amateurs lived in the valley of the shadow of the mountaintops.


Which was odd, in a way, because for most of its long history, astronomy has been primarily an amateur pursuit.


The foundations of modern astronomy were laid largely by amateurs. Nicolaus Copernicus, who in 1543 moved the Earth from the center of the universe and put the Sun there instead (thus replacing a dead-end mistake with an open-ended mistake, one that encouraged the raising of new questions), was a Renaissance man, adept at many things, but only a sometime astronomer. Johannes Kepler, who discovered that planets orbit in ellipses rather than circles, made a living mainly by casting horoscopes, teaching grade school, and scrounging royal commissions to support the publication of his books. Edmond Halley, after whom the comet is named, was an amateur whose accomplishments—among them a year spent observing from St. Helena, a South Atlantic island so remote that Napoleon Bonaparte was sent there, forty years later, to serve out his second and terminal exile—eventually got him named Astronomer Royal. The amateur astronomer John Bevis is still the only person to have observed an occultation of Mercury by Venus. (This rare event, a passage of Venus in front of Mercury, took place on May 28, 1737; the next one will occur on December 3, 2133.) James Ferguson, born in 1710, learned the stars as an illiterate shepherd boy in Scotland before going on to become a popular author, a fellow of the Royal Society, and the beneficiary of a royal pension from King George III—himself an amateur astronomer, who built an observatory to watch the June 3, 1769, transit of Venus across the Sun.3 Ferguson’s immensely popular 1756 book Astronomy Explained Upon Sir Isaac Newton’s Principles captured the attention of the composer and organist William Herschel, who made his own telescopes and wielded them with sufficient skill to become one of the most acute observers of all time—but who didn’t get paid for his research until he discovered the planet Uranus, in 1781. (George III rewarded him, too, with a royal stipend; Herschel used the money to concoct an enormous telescope, but it never worked very well, and he reverted to relying on the smaller ones he’d fashioned in his amateur days.) The first to “recover” Halley’s comet—that is, to find it in the sky as it made its way inward from beyond the orbit of Uranus, brightening all the while—was Johann Georg Palitzsch, in 1758. For this feat, which ably demonstrated the validity of Newton’s laws of motion, Palitzsch was lampooned by the Royal Academy of Science in Paris as “a simple farmer who did not realize the importance of his discovery.”4 Actually he was a sophisticated amateur scientist, who regularly corresponded with Herschel and correctly theorized that Algol is an eclipsing binary star—a pair of stars that periodically pass in front of each other.


Nineteenth-century astronomy was dominated by amateurs, most of them either wealthy gentlemen with private observatories or ordinary citizens whose skills sometimes won them royal or mercantile patronage. Friedrich Wilhelm Bessel, a high-school dropout working as a merchant’s clerk in Bremen, did useful research on the orbits of comets and was made director of Prussia’s new Königsberg Observatory in 1813. The first to have recognized his abilities was Heinrich Olbers, a physician who was also the leading comet observer of the day. Wilhelm Tempel, who discovered eight comets and the reflection nebula that entangles the Pleiades, was a lithographer with little formal education who ultimately garnered professional appointments in Marseilles, Milan, and Florence. In Dessau, Germany, the pharmacist Heinrich Schwabe studied sunspots on virtually every clear day for seventeen years, and discovered that the number of sunspots waxes and wanes in eleven-year cycles. The English amateur Richard Carrington established that sunspots are found increasingly close to the solar equator as each sunspot cycle evolves, creating a “butterfly pattern” when the latitudes of sunspots are plotted against time. Observing the Sun from his estate at Redhill, Surrey, Carrington was also the first to see a solar flare. Among those inspired by these solar discoveries was John Robertson, a porter who called out station names on the Caledonian Railway. Robertson scrutinized astronomy books in the local workingmen’s reading room, spent his savings on a telescope, and eventually was publishing accounts of his observations of comets, meteors, and the relationship between sunspots, auroras, and magnetic compass-needle deviations. He was offered observatory posts but always declined, explaining that “the [railway] company are very kind to me, and I hope to serve them faithfully.”5


In Ireland in the mid-1800s, Lord Rosse built a 72-inch reflector, with which he observed the spiral patterns in galaxies. Known as “the Leviathan of Parsonstown,” it reigned as the largest telescope in the world until 1917, when the 100-inch reflector at Mt. Wilson was completed at the instigation of an amateur turned professional astronomer, George Ellery Hale. Henry Draper, who had completed his medical studies and was touring England while waiting to begin practicing medicine (he was still a minor), saw Rosse’s telescope and became entranced by astronomy. Back home in New York, Draper built a series of telescopes and combined a spectroscope—which breaks down light into its component spectral lines, revealing which atoms are involved in making the light—with a camera to create the first reliable spectrograph, with which he helped in the creation of modern astrophysics and the classification of stars. Joseph Norman Lockyer, a civil servant in the War Office and self-taught in astronomy, discovered the element helium in the solar spectrum. (As it was as yet unknown on Earth, Lockyer named it after the Greek term for “of the Sun.”) In India another amateur, Pierre-Jules-César Janssen, managed to observe a solar prominence—a streamer of glowing plasma arising from the Sun’s surface—that had been spotted the previous day, August 18, 1868, during a total solar eclipse. This was the first prominence to be observed without the benefit of an eclipse, during which the Moon blocks most of the Sun’s light. (Lockyer observed the same prominence a few days later; both he and Janssen went on to become professional astronomers.) Lockyer later established the British science journal Nature, in 1869, and determined that Stonehenge and the great pyramids of Egypt are oriented to the Sun and stars, a finding that inaugurated the science of archaeoastronomy. Meanwhile Warren De la Rue, a printer, had proved, using photographs taken of an 1860 solar eclipse from stations 400 kilometers apart, that prominences do indeed belong to the Sun and are not emitted by the Moon, as some had thought.


Harvard College Observatory was founded by an amateur astronomer, William Cranch Bond, who with his son George Phillips Bond discovered Hyperion, the eighth moon of Saturn. William Rutter Dawes, known as “Eagle Eye Dawes” for his acute observations of binary stars, was a physician and Nonconformist clergyman; “Dawes’s limit” is still employed today to estimate the theoretical resolving power of telescopes. The silk merchant William Huggins made spectroscopic observations of planetary nebulae—shells of gas cast off by unstable stars—and measured the velocities of stars. The Liverpool brewing magnate William Lassell, who met his wife Maria King at a star party held by fellow amateur astronomers, built a 24-inch reflecting telescope with which he discovered Neptune’s satellite Triton and Uranus’s satellites Ariel and Umbriel.


Even in the twentieth century, while they were being eclipsed by the burgeoning professional class, amateurs continued to make valuable contributions to astronomical research. As the British author and amateur astronomer Patrick Moore recalled, prior to World War II, “if you wanted to know the longitude of Jupiter’s Red Spot, the state of ashen light on Venus, or whether dust storms were developing on Mars, you went to one of the main amateur associations.”6 Arthur Stanley Williams, a lawyer, charted the differential rotation of Jupiter’s clouds and created the system of Jovian nomenclature used in Jupiter studies ever since. Milton Humason, a former watermelon farmer who worked as a muleteer at Mt. Wilson, teamed up with the astronomer Edwin Hubble to chart the size and expansion rate of the universe. Grote Reber built the first true radio telescope in the back yard of his home in Wheaton, Illinois, and used it to chart the sky; for a time he was the only radio astronomer on Earth. The solar research conducted by the industrial engineer Robert McMath, at an observatory he built in the rear garden of his home in Detroit, so impressed astronomers that he was named to the National Academy of Sciences, served as president of the American Astronomical Society, a professional organization, and helped plan Kitt Peak National Observatory in Arizona where the world’s largest solar telescope was named in his honor.


The fitful growth of professional astronomy in the late nineteenth and early twentieth centuries produced mixed careers like that of Sherburne Wesley Burnham, who combined amateur and professional work like a man stepping indecisively from one boat to another in midstream. A self-taught court stenographer who observed and cataloged double stars, Burnham was persuaded to spend two months on Mt. Hamilton in Northern California, testing the future site of Lick Observatory with his personal telescope, a six-inch refractor. When the observatory opened, Burnham took a pay cut to stay on as senior staff astronomer. Witty, cosmopolitan, and well-connected, he was equally at ease conversing with a hermit named Bennett, who stopped by the observatory regularly to pick up his mail, and with the chief justice of the United States Supreme Court. Eventually he quit, returning to Chicago and signing on as clerk of the United States Circuit Court at double his astronomer’s salary. But he kept observing, on weekends, when he would take the train up to Yerkes Observatory, in Williams Bay, Wisconsin, to study double stars.


Why were the amateurs, having played such important roles in astronomy, eventually overshadowed by the professionals? Because astronomy, like all the sciences, is young—less than four hundred years old, as a going concern—and somebody had to get it going. Its instigators could not very well hold degrees in fields that didn’t yet exist. Instead, they had to be either professionals in some related field, such as mathematics, or amateurs doing astronomy for the love of it. What counted was competence, not credentials: If you’re raising the roof beam of a log cabin in the wilderness, you don’t demand that your neighbors present contractor’s licenses when they show up to help. That comes later, when the frontier has been turned into a subdivision.


The novelty of distinguishing between amateurs and professional scientists is reflected in the history of the terms themselves. The word amateur didn’t enter the English language until around 1784, and scientist wasn’t coined until 1840, when the English philosopher and mathematician William Whewell mused, “We need very much a name to describe a cultivator of science in general. I should incline to call him a scientist.”7 But once the distinction arose, there emerged, as the Oxford historian Allan Chapman notes, an “unfortunate dichotomy in which institutionally-funded expertise was supposed to set the standard to which ‘amateurs’ merely aspired.”8


One capable amateur who felt the ragged edge of this dichotomy was John Edward Mellish. While serving as an unpaid observer at Yerkes Observatory in the summer of 1915, Mellish spotted what he took to be a comet, just before dawn. A Harvard Observatory telegram—the standard means of broadcasting new astronomical findings—was promptly dispatched, announcing his discovery. This proved embarrassing to the Yerkes director, Edwin Brant Frost, when it was soon ascertained that Mellish’s “comet” was actually the diffuse nebula NGC 2261. What Mellish actually should have gotten credit for was discovering a nebula that varies in brightness.9 But Frost, unwilling to trust an amateur further, took Mellish off the project, assigning it instead to a young Yerkes staff astronomer named Edwin Hubble. Hubble’s Variable Nebula, as it has been called ever since, became the subject of Hubble’s first published paper and the springboard of his distinguished career.10


Despite such frustrations, amateurs were back on the playing field by about 1980. A century of professional research had by then greatly increased the range of observational astronomy, creating more places at the table than there were professionals to fill them. Meanwhile the ranks of amateur astronomy had grown, too, along with the ability of the best amateurs to take on professional projects and also to pursue innovative research. “There will always remain a division of labor between professionals and amateurs,” wrote the historian of science John Lankford in 1988, but “it may be more difficult to tell the two groups apart in the future.”11 That same year, Leif J. Robinson, the editor of Sky & Telescope magazine, reported that “amateurs and professionals have begun talking to one another with enthusiasm not seen in decades. There’s a real freshness in the air.”12


The amateur astronomy revolution, like the one that raised up the professionals, was incited by three technological innovations—the Dobsonian telescope, CCD light-sensing devices, and the Internet.13


Dobsonians are reflecting telescopes constructed from cheap materials. They were invented by John Dobson, a populist proselytizer who championed the view that the worth of telescopes should be measured by the number of people who get to look through them. As Dobson enunciated his credo, to thunderous applause from a group of amateur telescope makers assembled in Stellafane (literally “shrine to the stars”), a hilltop observing site near Springfield, Vermont, on July 25, 1987, “To me it’s not so much how big your telescope is, or how accurately your optics are figured, or how beautiful the pictures you can take with it; it’s how many people in this vast world less privileged than you have had a chance to see through your telescope and understand this universe. That is the one thing that drives me!”


Dobson was well known in San Francisco as a spare, ebullient figure who would set up a battered telescope on the sidewalk, call out to passers-by to “Come see Saturn!” or “Come see the Moon!” then whisper astronomical lore in their ears while they peered into the eyepiece. To the casual beneficiaries of his ministrations, he came off as an aging hippie with a ponytail, a ready spiel, and a gaudily painted telescope so dinged-up that it looked as if it had been dragged behind a truck. But astronomical sophisticates came to recognize his telescopes as the carbines of a scientific revolution. Dobsonians employed the same simple design that Isaac Newton dreamed up when he wanted to study the great comet of 1680—a tube with a concave mirror at the bottom to gather starlight, and a small, flat, secondary mirror near the top to bounce the light out to an eyepiece on the side—but they were made from such inexpensive materials that you could build or buy a big Dobsonian for the cost of a small traditional reflector. You couldn’t buy a Dobsonian from John Dobson, though; he refused to profit from his innovation. Poverty was his habit, and the mother of his invention.


Born in China, where his maternal grandfather was a founder of Peking University and his father a teacher of zoology, Dobson studied chemistry at Berkeley and in 1944 became a monk in the Vedanta Society, part of the Rama Krishna order, and lived in monasteries in San Francisco and Sacramento.


Fascinated by astronomy since boyhood, he started making telescopes, but his vow of poverty meant that he had to invent ways of making them much more cheaply than had been done before. One of the significant expenses confronted by amateur telescope makers was buying a “blank,” a piece of fine optical glass that was then ground to the proper figure. Dobson couldn’t afford proper blanks, so he salvaged discarded portholes and jug bottoms and ground them instead. For the telescope tube, he scrounged up cardboard sonotubes, used for pouring concrete at construction sites.


Good telescope mountings are expensive, so Dobson cut a box out of scrap plywood, lined it with anything slippery—PVC piping, scrap Teflon, or discarded vinyl phonograph records—and stuck the tube into the box, creating a telescope that could be pointed anywhere in the sky just by giving it a shove.


Thus equipped, Dobson started “going over the wall” at night, as the monks say, to deploy his telescope and show people the stars. When he encountered a youngster who seemed particularly passionate about astronomy, Dobson would give the kid his telescope and build another one. Since too much going over the wall was presumed to indicate nocturnal preoccupations inappropriate for monks, Dobson was eventually banished from monastery life. (His first telescope, which otherwise might have wound up in the Smithsonian Institution, is said to have been flung into San Francisco Bay at the behest of an official at the monastery.) Much of Dobson’s time thereafter was spent touring the West in a series of motor homes and rusted vans crammed with telescopes that he set up on street corners and in national parks, attracting long lines of neophytes. When a park ranger objected to his activities, saying, “The sky is not a part of the park,” Dobson replied, “No, but the park is a part of the sky.”14 It is likely that John Dobson personally introduced more people to stargazing than anyone ever had before.


Dobsonians might be optically rather crude—few could deliver the sharp images of Mars and Jupiter traditionally cherished by amateurs—but they made it possible for stargazers of average means to own large telescopes. Observers armed with big Dobsonians didn’t have to content themselves with looking at planets and nearby nebulae: They could explore thousands of galaxies, invading deep-space precincts previously reserved for the professionals. Soon, the star parties where amateur astronomers congregate were dotted with Dobsonians that towered twenty feet and more into the darkness. The British amateur astronomer Patrick Moore, describing the “Leviathan of Parsonstown,” wrote, “It has been said that anyone who set out to use the great reflector had to be not only an astronomer, but also an experienced mountaineer.”15 Now, thanks to Dobson, the era of Lord Rosse had returned, and the greatest physical risk to amateur observers became that of falling from a rickety ladder high in the dark while peering through a gigantic Dobsonian. I talked with one stargazer whose Dobsonian stood so tall that he had to use binoculars to see the display on his laptop computer from atop the fifteen-foot ladder required to reach the eyepiece, in order to tell where the telescope was pointing. He said he found it frightening to climb the ladder by day but forgot about the danger when observing by night. “About a third of the galaxies I see aren’t cataloged yet,” he mused.


Meanwhile the CCD had come along—the “charge-coupled device,” a light-sensitive chip that can record faint starlight much faster than could the photographic emulsions that CCDs soon began replacing.16 CCDs initially were expensive but their price fell steeply: Obsolete CCD chips that a few years earlier cost more than mink coats are today being used in observatories as coffee-mug coasters. Amateurs who attached CCDs to large Dobsonians found themselves in command of light-gathering capacities comparable to that of the 200-inch Hale telescope at Palomar in the pre-CCD era.


The sensitivity of CCDs did not in itself do much to close the gap separating amateur from professional astronomers—since the professionals had CCDs too—but the growing quantity of CCDs in amateur hands vastly increased the number of telescopes on Earth capable of probing deep space. It was as if the planet had suddenly grown thousands of new eyes, with which it became possible to monitor many more astronomical events than there were professionals enough to cover. And, because each light-sensitive dot (or “pixel”) on a CCD chip reports its individual value to the computer that displays the image it has captured, the stargazer using it has a quantitative digital record that can be employed to do photometry, as in measuring the changing brightness of variable stars.


Which brings us to the Internet. It used to be that an amateur who discovered a comet or an erupting star would dispatch a telegram to the Harvard College Observatory, from which a professional, if the finding checked out, mailed postcards to paying subscribers at observatories around the world. The Internet opened up alternative routes. Now an amateur who made a discovery—or thought he did—could send CCD images of it to other observers, anywhere in the world, in minutes. Anyone who took an interest could take a look, whether he was a back-yard amateur or a professional in a mountaintop dome. Global research networks sprang up, linking amateur and professional observers with a common interest in flare stars, comets, or asteroids. Professionals sometimes learned of new developments in the sky more quickly from amateur news than if they had waited for word through official channels, and so were able to study them more promptly. If the growing number of telescopes out there gave the Earth new eyes, the Net fashioned for it a set of optic nerves, through which flowed (along with reams of financial data, gigabytes of gossip, and cornucopias of pornography) news and images of storms raging on Saturn and stars exploding in distant galaxies.
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