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Dedication

For my son, Justin



Epigraph

How minute are our instruments in comparison with the celestial universe!

—EL KARAT, CAIRO, ELEVENTH CENTURY




Starlight is falling on every square mile of the earth’s surface, and the best we can do at present is to gather up and concentrate the rays that strike an area 100 inches in diameter.

—GEORGE HALE, 1928




For I can end as I began. From our home on earth we look out into the distances and strive to imagine the sort of world into which we were born. Today we have reached far out into space. Our immediate neighborhood we know intimately. But with increasing distance our knowledge fades … until at the last dim horizon we search among ghostly errors of observations for landmarks that are scarcely more substantial. The search will continue. The urge is older than history. It is not satisfied and it will not be suppressed.

—EDWIN HUBBLE, 1936
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April 1920

The two men met on the platform of the Southern Pacific depot in Los Angeles. In their wool suits and stiff collars, they might have been mistaken for commercial travelers starting out on a week’s run to peddle their wares—at least until they bought tickets straight through to Washington, D.C. Transcontinental travel was enough of a novelty to turn heads in 1920.

The area around the depot looked like the backgrounds of the Mack Sennett Keystone Kops comedies, which were filmed nearby. Elegant homes abutted vacant lots. Trolley cars ran down streets lined with palm and eucalyptus trees, past incongruously empty pastures. Signs of construction were everywhere. Civic boosters, buoyed by preliminary reports of the 1920 census, were already bragging that Los Angeles had passed San Francisco in population to become the fastest-growing city in the United States.

At the depot the men exchanged pleasantries and agreed to share a compartment, but neither said much to the other, letting the flurry of boarding passengers, conductors checking tickets, baggage handlers, and porters fill the silence until the train left. Outside the Pullman window they watched cart after cart being wheeled down the platform to the dining car, laden with food, linen, and menus. Prohibition had eliminated the wine list and the prospect of a bar car, but even in the infancy of transcontinental travel, the railroads knew that leisurely meals served by porters in starched white jackets were one way to fill the long hours of the journey.

The trolley cars had a nine-story terminal at Sixth and Main, but railroad passengers didn’t count for much in the City of the Angels. Eager to match the splendor of the great eastern stations, like the grand concourse of New York’s Penn Station, where departing passengers on the famed Limited trains were greeted by a stationmaster in tails, top hat, and white gloves, Los Angeles had long campaigned to get the Southern Pacific, Union Pacific, and Atchison lines to build a grand Union Station as part of a grandiose civic center plan. But by the 1920s Southern California already seemed hell-bent on the automobile. The ambitious plans of the tire, gasoline, and auto companies were open secrets, and the railroads, unsure of the future of passenger traffic, resisted municipal entreaties. Eastbound passengers in Los Angeles had to settle for a cluttered platform in a dilapidated depot, where the train pulled away with no more ceremony than an everyday local, and the engineer had to ride his whistle to clear the way over a series of annoying grade crossings along busy Alameda Street. Automobiles had already wrought havoc in Los Angeles.

The train didn’t pick up speed until it emerged from the built-up downtown area. By then the travelers could see billboards advertising canary farms, artificial pools for fishing, stands selling fried rabbit, dogs at stud, grass-shack eating huts, psychic mediums, vacant-lot circuses, storefront evangelicals, bicycles for rent, and frogs for sale. California was like no other economy in the world. Real estate companies sprang up and disappeared overnight. Where most cities had restaurants, Los Angeles had cafeterias. Signs advertised the eternal glories of Forest Lawn and the Hollywood Pet Cemetery. There were stores that sold pet caskets, as well as dog beauty shops and dog restaurants. Los Angeles had more telephones and automobiles than any city of comparable size in the United States. Its divorce and suicide rates were double the national average.

Some attributed the madness to Hollywood, a boomtown even by California standards. The studios had started making movies in Los Angeles only a half-dozen years before and were already one of the biggest industries in the state. All over the country people eagerly followed the antics, orgies, fame, depravity, scandals, and successes of the stars. Thousands flocked to California every week in pursuit of fame, stardom, or quick money in the movie business. Street-corner vendors were already hawking maps with addresses of the stars.

Although they were interested in stars and, like the moviemakers, had been drawn to California by the weather and skies so clear that the nearby mountains seemed to reach up and touch the heavens, the two men who boarded the train at the Southern Pacific depot hadn’t come to California because of the movie industry. They were astronomers, from what were then the two most advanced observatories in the world: Heber Curtis, from the Lick Observatory on Mount Hamilton, near San Jose; and Harlow Shapley, from the Mount Wilson Observatory, above Pasadena. For years they had been engaged in an exchange of articles in the professional journals, criticizing each other with the remarkable vehemence that scientific journals seem to encourage. To a layperson who tried to wade through the articles, the spirited exchange about “globular clusters” and “spiral nebulae” might have seemed a tempest in a teapot. But this tempest had ultimately gathered national attention, finding its way onto the pages of newspapers that normally favored murders, adultery, and political scandal to serious science. At the end of their journey across the country, the two men were scheduled to debate at the annual meeting of the National Academy of Sciences, in the presence of an august audience that—and this was one detail the newspapers never failed to mention—would include the famous professor Albert Einstein.

From the sprawling Los Angeles Basin, a refuge ringed by mountains, the train climbed through the San Bernardino Mountains toward the Cajon Pass. Beyond the pass the open desert stretched for hundreds of miles, its bleakness punctuated only by chaparral, cactus, and the occasional mountain that pierced the clear air. The desert mountains were strange geological formations, isolated from the dangers of earthquake, remote enough to be untainted by the urban light pollution that even then affected most astronomical observatories. Their peaks thrust up into air so still that stars were pinpoints against the black heavens.

The great California observatories, like Lick and Mount Wilson, were themselves isolated by traditional standards. Before they were built most astronomical observatories were located more for convenience—usually on the campuses of urban universities—than for optimum seeing, the term astronomers use to describe the stillness and transparency of the atmosphere. Yet, compared to the remoteness of the desert peaks that Shapley and Curtis saw from the train window, the Lick and Mount Wilson observatories were almost urban. In 1920 the desert peaks, like Palomar Mountain, were so isolated by the lack of regular roads that only the Indians really knew them. Some of the mountains were sacred to the Indians: Legend had it that they were the homes of the Spirits—the departure point for souls journeying to the heavens. Shapley and Curtis could only imagine what the night sky would be like from a desert mountaintop.

The National Academy of Sciences often had distinguished speakers at its annual meetings. In the interest of widespread appeal the topics were generally selected from some aspect of what today would be labeled “applied” science. Reports of scientific developments with immediate and direct practical applications were a sure way to attract the attention of the newspapers, and potentially of the wealthy benefactors on whom the academy was dependent.

Early in 1920 Charles G. Abbot, secretary of the academy, began organizing a program of speakers for that year’s annual meeting. George Hale, a distinguished solar astronomer and the director of the Mount Wilson Observatory, as well as an officer of the academy, proposed that a Hale Lecture, named in honor of his father, might occupy one evening. The topic he suggested, relativity, was a new and quite fashionable subject in scientific circles, especially since the newly famous Professor Einstein was scheduled to make his first visit to the United States that spring.

Only a year before, a much-publicized research expedition to Principe Island, off Africa, led by the well-known British astronomer and cosmologist Sir Arthur S. Eddington, had measured the deflection of starlight during a solar eclipse. When the measurements confirmed the predictions of Einstein’s theory of gravitation, The Times (of London) called Einstein’s work a “revolution in science.” The sudden newspaper publicity transformed the shy former inspector at the Swiss Patent Office in Berne into a world celebrity.

Despite Einstein’s fame and the pages that had been devoted to his theories in the newspapers and magazines, Abbot responded that a talk on relativity would be incomprehensible to a majority of the members of the academy, who came from all branches of science and weren’t necessarily familiar with Einstein’s writings. As an alternative Hale suggested a topic that some of the California astronomers had been debating in the scientific journals. On the basis of new sky surveys, some astronomers were convinced that the Milky Way, our own galaxy, was only one of many “island universes” in the heavens—an assertion many other astronomers found incomprehensible, untenable, or unreasonable. The primary evidence for the debate had come from Lick Observatory and Hale’s own Mount Wilson Observatory in California, but well-known European astrophysicists like Eddington and James Jeans had also written about the island universes debate. To an astronomer like Hale it was a hot topic.

Abbot responded that he was afraid the members of the academy also wouldn’t be interested in island universes. He refrained from telling George Hale that the only astronomical topic of widespread interest was Percival Lowell’s search for canals on Mars, or that to much of the public astronomers were the butt of jokes: boring old men with long beards who spent hours at the eyepieces of their telescopes, scribbling inscrutable numbers and making sketches that meant little to anyone else. Not too long before, a traveler had noted that one reason Westerners considered “the Chinese such barbarians is on account of the support they give to their Astronomers—people regarded by our cultivated Western mortals as completely useless. Yet there they rank with Heads of Departments and Secretaries of State. What frightful barbarism!”

In lieu of astronomers Abbot suggested that they get a speaker on a topic like medical progress in treating wounded soldiers. With the war fresh in memory, it would be a good response to the publicity recently generated by the antivivisectionists. Hale dismissed the topic as too pedestrian. The two men corresponded until Abbot, realizing that they were running out of time before the meeting, acquiesced and fired off telegrams to invite young Harlow Shapley from the Mount Wilson Observatory and Heber Curtis of the Lick Observatory to speak on “The Scale of the Universe.” Abbot wasn’t the first to discover that George Hale, a mild-mannered, self-effacing man, who looked almost cherubic in his tiny wire-rimmed glasses, usually got his way.

Harlow Shapley accepted the invitation to speak immediately. A young man from Missouri who still wore his straight black hair slicked back in a rural “hick” style, Shapley was in a hurry, eager to make his mark. When, in his third year at the University of Missouri, he fell in love with a woman named Martha Betz, he told her, “Listen, I’m a busy man. If you want any more letters from me you will have to write my language.” Shapley’s language was the Gregg shorthand system, which they used to save time even after they married.

He had been a reporter on small-town newspapers before he went to the University of Missouri in the hope that a little more education would get him a position on a bigger newspaper. Shapley later claimed that he had chosen astronomy as an undergraduate major because there was no school of journalism and he couldn’t pronounce the first discipline he came across in the college catalog, archaeology. His professor at Missouri was Frederick Seares, who recommended him for a prestigious graduate fellowship at Princeton and later helped him obtain the plum of a first appointment at Mount Wilson after he received his doctorate. Shapley’s ready sense of humor and boisterous horselaugh took the edge off his unconcealed ambition, though some older astronomers thought him too eager to take credit.

At Mount Wilson, Shapley poured his energies into both his primary responsibilities, assisting other astronomers, and his own program of research, quickly building a reputation for what some called boldness and others saw as hasty conclusions. At the time bachelor astronomers at Mount Wilson were paid ninety-five dollars a month and were provided with a room at the “Monastery” on the mountain. Shapley, who had married just before he arrived at Mount Wilson, got a munificent $135 a month to cover rent in Pasadena and the cost of getting himself up and down the mountain. Hale, the director of the Mount Wilson Observatory and Shapley’s boss, offered him $250 for expenses on the trip to Washington, but Shapley would have gone even if he had had to pay for the trip from his meager salary. “We had already resigned ourselves to poverty,” he wrote.

For an ambitious young astronomer the debate in Washington, and the opportunity to address a wide audience, was the chance of a lifetime. George Hale had recently nominated Shapley for the prestigious position of director of the Harvard College Observatory, a remarkable coup for a man so young. A good showing in the debate could make or break his chances for the appointment.

Heber Curtis, the principal critic of Shapley’s new ideas, was skeptical of the proposed debate. Curtis was from an older, more restrained generation, gentlemen scientists wary of publicity, public forums, and young men with half-cocked ideas who put unseemly ambition ahead of methodical science. Taciturnity, an understated senior-common-room style, and an instinctive mistrust of faddish notions were badges of distinction for serious scientists. Curtis finally agreed to participate, but only after some negotiation, insisting on the topic proposed in Abbot’s original telegram, “The Scale of the Universe,” and objecting to any title that would exclude his own research interests in favor of Shapley’s. The evening at the academy was scheduled as a symposium rather than a formal debate, but once the newspapers heard that Einstein would be present, they began ballyhooing the forthcoming evening as the greatest scientific debate since the trial of Galileo.

Neither man knew what to expect. Both had written primarily for scientific journals and spoken mostly to audiences of professional astronomers, a small world in 1920. Tempting though it was to discuss their qualms and apprehensions, they agreed when they first boarded the train that it would be best if they did not talk about the upcoming debate. And so, day after day, they rode on, avoiding the subject on their minds in favor of small talk or the books and notebooks they had brought in their briefcases.

The transcontinental railroad tracks were still a novelty, a tenuous tie to the remote coasts. In an age before the telephone was widespread, when radios were not yet in every home, when only businessmen in a hurry and the War Department reporting casualties used the telegraph, and when the network of highways had just begun to reach out from the cities, that thin line of railroad tracks was the only thread tying the country together. Across many routes travelers could ride for most of a day without seeing any settlements except tiny hamlets, watering stations, and mail stops along the tracks.

The America they crossed was a land of small farms, producing not only the crops they sold but their own milk, eggs, meat, and vegetables. Rural folk made do. In the summers families enjoyed the bounty of the land. In the winters they drew from the larder or the root cellar. Except for store-bought dresses and suits for special occasions, or the rugged ready-made garments that were becoming available in the catalogs, they wore homemade clothing, buying fabric and notions from country stores, catalogs, or itinerant peddlers. News about technology came from the Sears catalog, ubiquitous reading material in outhouses across America. In 1920 it featured .22 caliber rifles for $4.25; an upholstered, curly-backed rocker for $5.95; women’s middy blouses for $0.98; and a treadle-powered sewing machine for $29.95.

Farmers worked the land with draft animals. Only in the cities had auto exhausts replaced manure as the hazard of the streets. Speed limits in most cities were still twenty miles per hour. A few who happened to live near the railroad tracks could watch the speedy trains bridging the land; to most the whistles of the trains were as remote as the contrails of jet planes to a later generation.

Nights were quiet time. The wireless wasn’t in many homes yet, although Westinghouse had broadcast early results of the elections in November. Victrolas were a luxury that plain folk considered showing off. It wasn’t unusual for a family to spend a summer evening outside, on the porch or in the yard, sitting on rockers or swing benches, staring at the stars. With no city lights, no highways with nightly columns of trucks and cars, and electric power unavailable beyond the fringes of the cities, families could enjoy the glories of dark skies that revealed the Milky Way not as an occasional lucky sight but as a regular evening spectacle.

The stars were a nightly wonder. Some accepted the canonical explanations of the Bible and thought of the heavens as one more impenetrable miracle of Creation. Others contented themselves with the thought that pretty soon scientists, using those big new telescopes out in California, would know what it was all about.

From the vast prairie land of the Midwest and the sharecropped farms of the Mississippi River Valley, the travelers rode on into the industrial belt of the eastern states, the largest single concentration of heavy industry in the world. The United States prided itself on superlatives—the most railcars of coal extracted from a mine in a day, the most tons of steel produced, the most feet of rail rolled. Corporations, armed with their new public relations departments, eagerly joined the chorus of hyperbole, issuing press releases to announce the largest electrical network ever built, the biggest turbine, the largest milling machine.

Some Europeans saw the American habit of superlatives as a sign of collective insecurity, but to Americans there was a comfort in the concrete symbols of achievement. From the lonely farmers on the boundless prairies, to the factory workers of the mill towns, to the men of untold wealth who were not ashamed to describe themselves as capitalists, Americans held up industrial might as a challenge and a response to the alleged sophistication, cosmopolitanism, and grandeur of Europe. The United States was on a roll. Business was booming. The smokestacks were going full-time. Although no one bragged about it, the United States could also claim the smokiest skies and dirtiest rivers in the world. What another generation would see as threats to health and the future were symbols of progress and prosperity in 1920.

In this America of the biggest, the grandest, and the greatest, science was on its way to a new, elevated status. Already hucksters, journalists, teachers, and advertisers were cavalierly tossing off the claim that “Science tells us” or “Science teaches us” as a preemptive answer to arguments. Einstein had not yet visited the United States, but already his name had entered the common vocabulary as a synonym for genius. The mysteries of the General Theory of Relativity were widely touted as the most important scientific discovery of the century. A myth circulated that only twelve men in the world could understand the theory, but the alleged limits of comprehension didn’t stop editors and soapbox orators from extolling the importance of relativity, tossing off a casual E = mc2, or announcing that “there are no absolutes, everything is relative” to prove that they too were part of the great age of science.

Yet the intellectuals and poseurs who revered Einstein were a tiny minority of the American public. For much of the country formal science was too abstract, so obscure that it was somehow un-American. In 1914 a congressman questioning a witness at an appropriations hearing said: “What is a physicist? I was asked on the floor of the House what in the name of common sense a physicist is, and I could not answer.”

Even the august National Academy of Sciences enjoyed less than universal prestige. Andrew Carnegie typified the American reaction when he dismissed a request for funds for the academy: “Oh,” he said. “That’s just one of those fancy societies.”

Americans had their own science. To the ordinary folk of Sinclair Lewis’s Main Street, science meant know-how, the ability to make cars, vacuum cleaners, electric irons, light bulbs, radios. America was the country that could build anything. Americans believed that they had won the Great War in the shipyards and mills and factories as much as the trenches, and few doubted that there was any problem of science that couldn’t also be solved by the same commonsense engineering that brought invention after invention out of the laboratories of Thomas Edison and car after car out of the factories of Henry Ford.

In 1920 few Americans had ever heard of Harlow Shapley or Heber Curtis. Most would have named Edison as the greatest living scientist. But the United States was a land of newspaper readers, and the newspapers had discovered the art of turning the commonplace into the kind of stories that readers demanded. A mine cave-in that killed seventy men earned a brief mention in the paper; a single man trapped in a mine was a story that could be developed and enhanced to hold readers for days. A good murder trial could hold them for months. The National Academy of Sciences wasn’t a usual newspaper beat, but then Albert Einstein in the audience wasn’t the usual lead. If there was ever a science story that would get readers, this was it. On April 26, 1920, the newspapers promised, at the annual meeting of the National Academy of Sciences, held in the central hall of the Smithsonian Institution in Washington, in the august presence of Professor Albert Einstein, the most basic questions about our universe would be answered.

By the second day of the journey, the travelers on the train were weary. The steady click-clack of the bolted rails, reassuring the first day, was monotonous. The view through the miasma of black smoke from the soft coal that fueled the engine was no longer exciting. The panorama outside the windows, hour after hour of wheat or rice or woods or bottomlands, became tedious. Those who hadn’t prepared for the journey with reading material or games were soon bored.

Heber Curtis, an amateur classicist as well as an astronomer, had brought Latin and Greek texts with him. Reading the classics was a gentleman’s avocation. Hour after hour he would sit with a familiar, leather-bound volume open on his lap, as if he were in a club chair in the Atheneum. Harlow Shapley was fascinated by Curtis’s choice of reading material. He had been educated a generation later, when the classics had already faded in high school and college curricula.

There was no room for extraneous reading in Shapley’s life. He thought of himself as a modern man, with a modern education. His avocation when he couldn’t work on astronomy was nature studies. He was an amateur naturalist, but he approached nature as he approached astronomy problems, carrying a notebook with him wherever he went. If he couldn’t be near the observatory and its instruments, he cataloged the species of insects or plants he found, writing notes as methodically as his logbook of observation runs on the sixty-inch telescope at Mount Wilson.

On one nature walk in California he had stumbled on a colony of ants, scurrying to and from their nest. Shapley timed how fast they were moving. What factors determined the speed of their travel? he asked in his omnipresent notebook. He gathered enough data to hypothesize that the ants’ speed of travel was determined solely by the ambient temperature. Armed with a theory, Shapley needed data. Wherever he went he would search out an ant colony and accumulate more measurements to bolster his theory.

Less than a day from Washington, on the east side of Birmingham, Alabama, the train broke down, close enough to the city that the passengers could still see the smoke-darkened skies from the steel mills. The conductors made the rounds of the cars, reassuring the passengers, but as the day went on and the train stood still under the broiling sun, the passengers grew restless and hot inside the cars. Curtis took one of his classical texts and lay down in the shade to read. As he read he could see Harlow Shapley—notebook, stopwatch, and thermometer in hand—chasing through the jasmine and the new kudzu vines that had been planted to control erosion, in pursuit of a colony of ants.

For a while, the Scale of the Universe seemed far away.
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Washington

Washington was a sleepy town in 1920, more like the capital of a small state today than the full-time capital of a great nation. Congressmen and senators spent most of the year in their home districts, commuting to congressional sessions of limited duration. The staffs of Congress and the president each numbered a few people. It would take a dozen years before there would be a telephone on the desk in the Oval Office. The British Foreign Office classified the city as a semitropical hardship location. Even the press wasn’t there in droves yet: Washington politics weren’t considered important enough to attract permanent press bureaus or hordes of lobbyists.

April was one of the better months, before the oppressive heat and humidity of summer. The hundreds of cherry trees around the Tidal Basin, a gift only eight years before from the mayor of Tokyo, were in bloom, a welcome relief from the dank mosquito infestations that had once marked the area. Relations with the Japanese weren’t as friendly as they had been in 1912, but most Americans, after the experience of the war to end all wars, weren’t interested in other countries.

The headlines on the newspapers at Union Station were depressing. Warren Harding had replaced the ailing Woodrow Wilson, who had spent the last years of his presidency sequestered in the White House. Wags who had speculated whether Mrs. Wilson or Colonel House was running the Wilson White House now wondered whether anyone was running the government. The “Red scare” was in full swing. In the pages of the Dearborn Independent Henry Ford attacked what he called the “International Jews; the revived Ku Klux Klan blamed the woes of the nation on the triad of Jews, Roman Catholics, and blacks; police chiefs like William Francis Hynes in Los Angeles sent squads of officers to break up union and leftist meetings; and almost everyone seemed willing to take a swipe at the Industrial Workers of the World, the Wobblies.

Fortunately there were diversions from the pall of politics. Babe Ruth, who had pitched and played occasional outfield for the Boston Red Sox, was in his first season with the New York Yankees and proving he was worth the astonishing $125,000 they had paid to get him. Man o’ War was the Babe Ruth of the racetrack, and handsome, charming Jack Dempsey seemed equally unbeatable in the boxing ring.

In the bookstores the talk was of F. Scott Fitzgerald’s daring This Side of Paradise. Readers turned down the corners of the pages on which one of Fitzgerald’s heroines confessed: “I’ve kissed dozens of men. I suppose I’ll kiss dozens more,” or, “Oh, just one person in fifty has any glimmer of what sex is. I’m hipped on Freud and all that, but it’s rotten that every bit of real love in the world is ninety-nine percent passion and one little soupçon of jealousy.”

A few adventurous women had started wearing short-sleeved or sleeveless dresses in the evening, sometimes showing their knees and stockings rolled below the knee. A risqué few even smoked in public and went out in the evenings without corsets because, as the whispered saying had it, “Men won’t dance with you if you wear one.” They were the fringe exception, the radicals who attracted sensational press and wagging fingers from the guardians of morality. Still, it wasn’t hard to imagine that before long there would be bathing-beauty contestants in skin-tight suits with naked legs, cheek-to-cheek dancing, people getting “blotto,” and necking and petting in parked cars—exactly the stuff the moralists most feared.

The National Academy of Sciences didn’t even have a building of its own in 1920, which was why its annual meeting that year was scheduled to be held in the strange, turreted, brick castle of the Smithsonian Institution in the middle of the empty mall that ran from the Capitol to the Potomac. On the evening of April 26 a steady stream of motorcars drove up to the sheltered portico of the castle. The founders had modeled the institution after the long-established academies of Europe. They wisely stopped short of the formal dress that might have evoked protests of outrage from those who would be sure to insist on American plains pun. In France or England plumes and sashes were de rigueur. The men who came to the annual meeting of the American academy—science was not yet a proper pursuit for a woman—dressed in dark wool suits for the occasion. Even science was supposed to be democratic in America.

The ticket George Hale had gotten for Shapley entitled him to a seat at the head table, among the notables. He sat next to W. J. V. Osterhout of the Botany Department at Harvard, but the banquet had been served before Shapley had a chance to talk about his nature studies. They were still eating when the speeches began.

Stylized elocution was fashionable in 1920. A parade of long-winded speakers followed one another to the podium, first to honor the Prince of Monaco for his support of oceanographic studies, then to praise the achievements of a bureaucrat named Johnson, who had devoted his life to hookworm control. To keep his own nervousness in check, Shapley silently cataloged the speeches: “Johnson the Scientist,” “Johnson the Operator,” “Johnson the Man.” Out in the audience he could see heads nodding off.

Einstein was at one end of the head table, next to the secretary of the Netherlands Embassy, there to accept a prize on behalf of the Dutch scientist Pieter Zeeman. During one of the speeches Einstein leaned over to whisper something to the Dutchman. Reporters later rushed to ask what Einstein had said. He said, the Dutchman reported with a grin, “I have just got a new Theory of Eternity.”

Finally it was time for the much-publicized symposium. Shapley came to the podium first. He had never before addressed a large audience of non specialists.

As Shapley looked around the room, one of the few faces he could recognize was that of his mentor at Princeton, the legendary Henry Norris Russell, the dean of American astronomy. Russell was a shy and formal professor, given to strolling the Princeton campus with his cane in hand, brushing aside students in his way and addressing even his best graduate students as if they were servants. For all his formality, Russell was an inspiring teacher, and he had been profoundly appreciative of the superb graduate student who had come his way. As Russell put it years later: “I had this struggle with darkening at the limb of an eclipsing binary. All these observations had to be worked over; it looked hopeless, and then the good Lord sent me Harlow Shapley.”

Shapley’s diligence and success studying eclipsing binary stars at Princeton earned him the prized postdoctoral appointment at the Mount Wilson Observatory, in the hills above Pasadena, California—then the home of the world’s largest telescope. Shapley, brashly self-confident, was sure “that I could do something significant at Mount Wilson if the people there gave me a chance…. My desire, almost from the first, was to get distances.”

Distances—how far away the various objects in the heavens were from our vantage point on the earth—seem an obvious question for the astronomer. In 1914, when Shapley came to Mount Wilson, there were few convincing answers. From our perspective, in an era of powerful telescopes on earth and in space, and after a remarkable revolution in the sciences of astronomy and astrophysics, it is astonishing to realize how limited man’s understanding of cosmology was earlier in our own century. When Shapley arrived at Mount Wilson astronomers could pinpoint the location of objects within a few arc seconds,* but they had few tools or techniques to determine the distance to the objects they saw in the night sky. Kepler and Newton had provided the mathematics to calculate the orbits of planets, and refined observations made it possible to calculate the distance to the planets with remarkable precision. But even the most sophisticated observatory equipment presented objects beyond our solar system to the astronomer as they appeared to the casual observer: like pinpoints of light on the inside of a great black sphere overhead—as if they were all at the same infinite distance away. Without a method of determining distances, the myriad objects the astronomer could see or photograph in his or her telescope were effectively a two-dimensional frieze.

The methods we use to measure distance on earth are useless for astronomical distances. We obviously can’t use a tape measure or yardstick. We can’t scale the size of a familiar object the way a hiker estimates the distance across a valley by comparing the apparent size of known objects like a fellow hiker, because stars appear as pinpoints of light in even the most powerful telescopes. Triangulation—calculating distance to a remote object by measuring angles to the object from two widely separated points—is an inviting technique, but in 1914 no equipment on earth had the resolution to measure the parallax of a star from two points on earth. Even the longest baseline available to an earth-born observer—the span of the earth’s orbit around the sun—is tiny compared to the distance of the closest stars. Measurements taken six months apart show a parallax shift of the star against the background of other stars only for the closest stars.

Many astronomers reluctantly accepted the limitations of the available technology. The energy of astronomers went into the laborious and unrewarding task of cataloging data: measuring positions, spectra, and apparent brightness of stars. Columns of numbers accumulated at observatories; generations of women scribes tested their vision on the tables of copperplate numbers. The data would all, someday, be invaluable, the secrets to understanding the most basic questions of cosmology—as soon as someone figured out how to use it.

Shapley chose the problem of distances precisely because it was a bold enough problem to make a mark in the world of astronomy. To his good fortune, just about the time he came to Mount Wilson, there was an unexpected breakthrough in the techniques of astronomy from what many in the world of early-twentieth-century science would have thought the least likely source—a woman.

At Harvard the “computers” who worked long days and nights calculating and tabulating observational data, were women, hired by Edward Pickering, the longtime director of the Harvard College Observatory, for twenty-five to thirty-five cents per hour. They worked with quill pens and black ink, writing long lists of figures in neat script, without corrections. Pickering had turned to women out of exasperation with a male assistant. Declaring that even his maid could do a better job, he hired Williammina P. Flemming, a twenty-four-year-old Scottish immigrant, to assist him. She stayed for a total of thirty years and before long was in charge of an entire staff of women assistants. Flemming, a divorced mother, supported herself on the meager wages Pickering paid. Other computers were college graduates interested in science. The prevailing social notion of “separate spheres” for men and women left them no room in the observatories and laboratories.

Henrietta Swan Leavitt came to the Harvard College Observatory from the Society for the Intercollegiate Instruction of Women, the forerunner of Radcliffe College, in 1895. Pickering stacked glass photographic plates from Harvard’s Southern Station observatory in Peru in front of her and told her to look for variable stars, stars that cycled in brightness.

It was tedious work. Star by star Leavitt compared glass photographic plates of the same area of sky until she found a speck that was darker or fainter than it had been on a plate taken earlier or later. With enough plates of the same area of sky, and records of when the plates were exposed, she could measure the period of the variable stars—how long it took to cycle from maximum to minimum brightness. After years of laborious measurements Leavitt had cataloged more than 2,400 Cepheid variable stars, named after the constellation Cepheus, where they were first discovered.

Not content just to catalog the data, Leavitt searched for a correlation between the intrinsic brightness of the Cepheid variables and the period of their cycle. In 1908 she tried plotting the logarithm of the period of variable stars in the Small Magellanic Cloud, and hence at the same distance, against their apparent brightness. The data on her graph fell on a straight line: Cepheids a thousand times as luminous as our sun completed their bright-dim-bright cycle in three days; Cepheids ten thousand times as luminous as our sun took thirty days to complete their cycle. By 1912 she had graphed enough data to publish an article, “Periods of Twenty-five Variable Stars in the Small Magellanic Cloud,” in the Harvard College Observatory Circular. After the article appeared Pickering ordered her not to pursue the subject further. His attitude mirrored what was then a widespread viewpoint: A lady of science’s place was in the back room, writing columns of numbers, not in the observatory or the scientific journals.

Another piece of the puzzle fell into place when the Danish astronomer Ejnar Hertzsprung used studies of proper motions (a form of triangulation using the long baseline of the sun’s motion through space over a period of decades) to determine the average magnitude of a typical Cepheid variable in the Milky Way. Independently, Henry Norris Russell determined the absolute magnitudes of thirteen Cepheids in the Milky Way. Shapley was still Russell’s graduate student at the time.


When Shapley saw Hertzsprung’s article in Astronomische Nachrichten, he realized that he might have his cosmic ruler. The Cepheids Leavitt had charted were all in the same star group, the Small Magellanic Cloud, which is visible only in the Southern Hemisphere. Shapley observed that if the stars on her charts were at roughly the same distance from earth, the differences in apparent brightness she had measured must indicate differences in the intrinsic luminosity of the stars. With the reasonable assumption that variable stars everywhere in the universe were the same, he took his extrapolation one step further: If all variables of comparable period, anywhere in the heavens, had the same intrinsic luminosity, then by measuring the apparent brightness of a variable star and comparing it to stars of comparable period on Leavitt’s chart, he could calculate the relative distance of the new star.

The mathematics, and the concept that “faintness means farness,” were invitingly simple. The apparent brightness of an object is inversely proportional to the square of its distance from the observer: When an object is twice as far away, it appears one-fourth as bright. If Shapley found a Cepheid variable of the same period as one of the sample on Henrietta Leavitt’s charts, with an apparent luminosity one-fourth that of her sample star, his star was twice as far away as hers. The question was where to look for these “yardstick” stars. Where could he find Cepheid variables far enough away to help him construct a theoretical model of the heavens?

Before he had gone off to his new job at Mount Wilson, Shapley had taken a trip to Yale, Brown, and Harvard. At Harvard, Solon I. Bailey, interim director of the Harvard College Observatory, told Shapley, “I have been wanting to ask you to do something. We hear that you are going to Mount Wilson. When you get there, why don’t you use the big telescope to make measures of stars in globular clusters?”

It was an intriguing suggestion. Even in a powerful telescope, globular clusters are faint, mysterious objects. On a photographic plate the centers of these clusters of thousands or millions of stars look like a stellar gridlock, as if the great mass of stars at the heart of the cluster were in physical contact with one another. Depending on the equipment used, the clarity of the atmosphere on a given night, and the observer’s mood, clusters sometimes seem as though they can be resolved into agglomerations of thousands of individual stars; other times the image, especially of faint clusters, is too nebulous to appear much more than a luminous blob.

Astronomers had cataloged globular clusters for centuries, wondering what secrets they held. How far away were they? Were they part of our local galaxy, the Milky Way? The difference for Shapley was that he was going to study these clusters with the largest working telescope in the world, the great sixty-inch reflector on Mount Wilson, which had been finished in 1908.


As a junior man Shapley’s principal assignment at Mount Wilson was to assist a more senior astronomer with traditional studies of star colors and magnitudes. On the nights when he was allowed to do his own research, Shapley used the big telescope to search for Cepheid variable stars in globular clusters. The nights were cold, the controls on the telescope were balky, and the long exposures put a premium on the astronomer’s skill of bladder control. Shapley spent so many hours examining plates that he discovered a new asteroid, which he named after his newborn daughter Mildred.

Even on the sixty-inch telescope, the most modern research instrument, astronomy was a physically demanding science. Astronomers work when the objects they need are “up,” the weather is clear, and the seeing is good—three conditions that rarely come together on a balmy summer evening. Metal can fatigue and crack from the cold, lubricants and even the ink used to write notes in the logbook freeze, and human efficiency falls.

The painstaking work paid off as Shapley began to identify Cepheid variable stars in the globular clusters. Of the approximately one hundred globular clusters visible in the Northern Hemisphere, he identified Cepheid variables in a dozen. By comparing the brightness and period of these stars to stars of comparable period on Henrietta Leavitt’s graph, he could extrapolate the relative distances to the globular clusters.

Each step in Shapley’s research required a leap of extrapolation. The variable stars on Henrietta Leavitt’s graphs cycled between bright and dim in a few days; the stars Shapley was studying took weeks to complete their cycle. There was no evidence to indicate that all variable stars he and she measured were not the same sort of star, so Shapley extrapolated the relationship Leavitt had plotted to include his own observations, even though the much longer periods of variation he measured put the intrinsic luminosities of his stars off the end of her chart. Leaps of reason and data are a necessity of astronomy. The paucity of available information forces astronomers to assumptions that might seem outrageously bold in sciences with a surfeit of experimental data.

He derived distances to a dozen globular clusters—an important first. In July of Shapley’s first year at Mount Wilson, he showed his initial results to J. C. Kapteyn, perhaps the best known cosmologist of his day. Shapley’s distances were so enormous, compared to the scale of contemporary models of the universe, that Kapteyn suggested Shapley recheck his observations and calculations.

Shapley persisted. In January 1918 he reported a breakthrough to Arthur Eddington, announcing that the consequences of his studies extended not just to clusters but to the entire galactic system: “With startling suddenness and definiteness, they seem to have elucidated the whole sidereal structure.” Buoyed by his findings, Shapley began publishing his results. The articles followed each other so quickly that by the 1918–19 issues of the Mount Wilson Contributions, fully half the articles were by Shapley.

The results of these first efforts were so satisfying that Shapley went a step further. In each nearby globular cluster, he isolated the most luminous stars, stars that the astronomers identified as red giants and supergiants, and compared their apparent brightness to the brightness of the Cepheid variable stars. When he had a large enough sample to feel confident of his calibration of the absolute magnitude of the giant stars, he began using the giant stars as yardsticks to estimate the distance to faint, distant globular clusters where he could not resolve Cepheid variable stars but could resolve red giant and supergiant stars.

Shapley’s total sample for these extrapolations was only a few stars. But even a small sample was enough to begin measuring the universe, if he could assume that stars of similar spectra*—stars that reflected or absorbed the same colors of light—were in fact similar, whether they were relatively close to us or in some distant corner of the observable universe. Shapley also assumed that the relationship of brightness to period that Henrietta Leavitt had discovered in the Cepheid variable stars she had studied in the Magellanic Clouds would apply equally to variable stars throughout the observable universe. Finally, he assumed that space was essentially empty, that there was no absorption of light from distant objects by interstellar dust or gases. Skeptical critics shook their heads as they tallied up the assumptions, but Shapley’s results were too exciting to ignore.

Eager to have everyone understand his arguments, Shapley assumed little from his audience at the symposium. He did not define a light-year until the seventh page of his nineteen-page script, and he devoted the last three pages to descriptions of an intensifier he had developed to photograph faint stars, a subject that had little bearing on his argument, though it might impress those members of the audience who were associated with the Visiting Committee of the Harvard College Observatory, where he was a candidate for the directorship.


Shapley’s total evidence was meager—he had had only a few years to work sporadically on the big sixty-inch reflector at Mount Wilson, and had only observed for three months on the new one-hundred-inch reflector that had just come into service—but if you accepted his initial assumptions, the subtle arguments cascaded one upon the next with compelling logic, and with the elegant simplicity that so often characterizes good science. In Shapley’s model the globular clusters outline the extent of our galaxy, the Milky Way, and it is a big one. The diameter of Shapley’s universe was 300,000 light-years, or 19  1017 miles (19 with 17 zeros after it)—approximately ten times as large as the cosmological models that prevailed when he began his work.

His huge new universe made man seem very small indeed. But the consequences of Shapley’s argument went deeper. In his observations he found that the clusters were not scattered evenly around the observable heavens, as one would expect if the sun were at the center of the universe. Instead, the clusters appeared to be concentrated in the area of the constellation Sagittarius. To Shapley the implications were obvious: “One consequence of accepting the theory that clusters outline the form and extent of the galactic system, is that the sun is found to be very distant from the middle of the galaxy. It appears that we are not far from the center of a large local cluster or cloud, but that cloud is at least 50,000 light-years from the galactic center.”

In other words the center of our galaxy, the Milky Way, was tens of thousands of light years away, in the direction of Sagittarius. Copernicus and then Galileo had demonstrated that the sun, not the earth, was the center of our solar system. Shapley had taken Copernicus one step further to argue that our sun was not the center of the universe, but only a perfectly ordinary, second-class star, somewhere out toward the edge of the galaxy. His new universe made man seem very small indeed. If his evidence and calculations were correct, Shapley had revolutionized astronomy.

Not everyone was convinced he was right.

Heber Curtis was old enough to be Shapley’s father. For his official portraits he posed next to the telescopes at the Lick Observatory in a coat and tie, the usual observing attire in an age when science could still be a relaxed and gentlemanly pursuit. His trimmed mustache and stiff collar seemed appropriate for a man who had studied classical languages as an undergraduate at the University of Michigan and who was still as comfortable reading a Greek or Latin text as the daily newspaper. Curtis was also a classicist in his astronomy, a staunch believer in the tradition of incremental observation. He was a patient and careful observer who had put in his time on balky telescopes on cold nights. He had been trained in the old tradition, his astronomy studies devoted as much to practical optics as to the newer physics of particles and waves.


By temperament Curtis was a skeptic. He became the chief critic of Shapley’s articles, answering them with a vehemence that reflected a reaction to the perceived arrogance of an “upstart” going off half-cocked, and the rivalry between the Lick and Mount Wilson Observatories, as much as intellectual disagreement. To Curtis, Shapley’s theories weren’t necessarily wrong; he awarded the Scottish verdict: Not proved. Curtis had made the long trip to Washington to make sure those theories didn’t get more credit than they deserved.

Following Shapley to the podium, Curtis was in the position of a reviewer. He had no new cosmology of his own to present. His job was to challenge Shapley’s thesis by questioning the logic and the evidence, to convince the audience that while the arguments might be intriguing, the evidence was too thin, the hypothesis stretched too far. Curtis argued that Shapley’s sample of only eleven stars was too small to determine the average brightness of stars in clusters, that the dispersion of magnitudes of the stars in the sample made any calculation of an average from this data suspect, and that the techniques Shapley had used to “smooth” his data before plotting it were also suspect. Curtis’s own plot of Shapley’s data came out not a smooth curve but an essentially meaningless scatter plot. “It would seem,” he said, “that available observational data lend little support to the fact of a period-luminosity relation among galactic Cepheids.”

Curtis also attacked Shapley’s effort to use other stars as distance guides. Citing his own studies, Curtis showed that the average magnitude of stars in the neighborhood of the sun is less than the brightness of the sun. Since there is no evidence that giant stars predominate in the clusters, he argued, if we accept the proposition of uniformity throughout the universe, then the average stars in clusters must also be dwarfs, smaller than the sun. And if the stars in Shapley’s sample were dwarfs rather than giants, they could not be as far away as Shapley calculated. By Curtis’s reasoning the distance to the clusters Shapley had observed, and the diameter of our galaxy, were about one-tenth those determined by Shapley, or the same modest dimensions that had prevailed among astronomers before young Shapley came along.

Curtis was a deft speaker. He made his presentation without notes, after Shapley had read his long report. But he was in the unenviable position of having to debunk exciting, potentially path breaking work, and he was speaking not to astronomers who might share his respect for details or his skepticism about Shapley’s data, but to generalists. Curtis’s dry arguments weren’t the pinprick he needed to burst Shapley’s balloon.

As Curtis reached the conclusion of his remarks, it seemed almost as though he were abandoning the subject of the debate. He turned to his own studies of the spiral nebulae, mysterious wispy structures, like pinwheels in the sky, the brightest of which are barely visible through binoculars or a small telescope. Little was known about the spirals. They looked so unlike any other class of celestial object that some believed they were entire galaxies, separate “island universes,” comparable in scale to our own Milky Way. In proposing the symposium for the annual meeting of the National Academy, George Hale had originally suggested “island universes” as a topic.

Less than a century before, Lord Rosse in Ireland had used a huge telescope with a seventy-two-inch mirror to study and sketch spiral nebulae. The size of the telescope, and the long hours Lord Rosse put into his observations, had given credence to his claim that the spiral nebulae could be resolved into individual stars. If there were individual stars in these spirals, they might be “island universes,” separate from but perhaps equal in scale to the Milky Way. The existence of other galaxies outside the realm of our own but as large as the Milky Way, would raise havoc with Shapley’s scale for the galaxy.

In 1898 James E. Keeler had begun a survey of spiral nebulae at the Lick Observatory. Although his telescope, the Crossley reflector, had a mirror just half the diameter of the one Lord Rosse had used, the carefully figured glass mirror provided higher resolution than the speculum (polished metal) mirror in Lord Rosse’s telescope. Keeler also had the advantage of using photographic plates to record images of the spirals. A photographic emulsion can accumulate faint light over a long exposure, building up an image over a period of hours from an object that might be invisible or barely visible to the human eye. A few of the nebulae Keeler photographed, like M31 in Andromeda and M33 in Triangulum, appeared incredibly large in plates taken on the Crossley. Unless they were fundamentally different from all other observable spirals—and there was no reason to believe they were—the tiny apparent size of the thousands of other spirals observed with the reflector suggested that they must be at great distances.

Heber Curtis, who took over Keeler’s survey of the spirals, had concluded that the spiral nebulae were fundamentally different from every other form of celestial object:


Grouped about the poles of our galaxy, they appear to abhor the regions of greatest star density. They seem clearly a class apart. Never found in our Milky Way, there is no other class of celestial objects with their distinctive characteristics of form, distribution, and velocity in space…. The evidence at present available points strongly to the conclusion that the spirals are individual galaxies, or island universes comparable with our own galaxy in dimensions and in number of component units.



If Curtis was right—if the spirals were indeed individual galaxies, comparable in scale to our own Milky Way—then Shapley’s model, with the globular clusters marking the edge of the Milky Way at distances on the order of one hundred thousand light-years, would have placed the spiral nebulae, as separate galaxies, at what every astronomer in 1920 would have argued were impossible distances.

In his concluding remarks Curtis relaxed his tone from the language of his formal presentation. After presenting a brief summary of the evidence on spirals, he turned to Shapley. Where, he asked, do the spirals fit in your scheme? Are they part of this enormous grand galaxy you’ve drawn in your model? Or are they, as the evidence would seem to indicate, separate “island universes,” comparable to our own galaxy, and at distances far beyond the limits of our own galaxy?

Curtis’s questions caught Shapley unprepared. Although Shapley had read the literature about spirals in the journals, he wasn’t ready for the give-and-take of a spontaneous debate on the subject. Less than a month before, he had written to his mentor, Henry Russell, that he would not say much about spirals because “I have neither time nor data nor very good argument.” In his talk he had kept to his word, never mentioning the spiral nebulae or the island universe theory. But on the floor of the symposium, before the distinguished audience, Shapley could not wave Curtis’s questions aside as irrelevant.

And, although Shapley hadn’t studied the spirals himself, a colleague of his, Adrien van Maanen, had been working on spirals at Mount Wilson since 1912. Van Maanen was charming, a bachelor, and as Shapley put it, “society.” He and Shapley had become good friends.

Van Maanen had been measuring the rotation of individual spiral nebulae by comparing photographs of the nebulae taken five years apart. He used an instrument called a stereo comparator, which compares two plates by using a movable mirror to blink rapidly from one plate to the other. If one of the thousands of images on the two plates is in a different relative position, the human eye will catch it when the mirror flips. This was the same technique Clyde Tombaugh would use at the Lowell Observatory in Arizona to search for the still-undiscovered planet beyond Neptune. Van Maanen spent so much time studying the plates of spirals on the instrument at Mount Wilson that a stern warning note was posted: DO NOT USE THIS STEREOCOMPARATOR WITHOUT CONSULTING A. VAN MAANEN.

His patience seemed to pay off. Van Maanen reported measurements of large rotations in the spiral nebulae, so large that if the spiral nebulae were at a distance great enough to be outside the Milky Way—at least a Milky Way of the dimensions Shapley proposed—the spiral nebulae would have been spinning faster than the speed of light, a proposition that anyone at the Smithsonian that night understood to be absurd, even without amplification by Professor Einstein from his seat at the head table. For Shapley, van Maanen’s evidence was persuasive. He had written to his friend, “Congratulations on the nebulous results. Between us we have put a crimp in the island universes, it seems,—you by bringing the spirals in and I by pushing the galaxy out. We are indeed clever, we are. It is certainly nice of those nebulae to have measurable motions.”

“I don’t know what they are,” Shapley answered to Curtis’s question about the spiral nebulae, “But according to certain evidences they are not outside [our galaxy].” As proof Shapley first cited a supernova in the Andromeda Nebula, which had been discovered on a plate taken at the Lick Observatory in 1885. If the Andromeda spiral were outside the Milky Way, he argued, that single exploding star had equaled the light of millions of stars—an idea he presented as absurd. Shapley then cited van Maanen’s data in support of his own view of the size of the universe.

The respected Henry Norris Russell stood up to support Shapley’s position. But Russell’s support was too little, too late. No one else had ever produced measurements comparable to van Maanen’s. The rules of science are unforgiving: Results that cannot be reproduced are suspect.

Heber Curtis took the podium again, suddenly relaxed, ready for repartée. His question to Shapley had subtly but significantly shifted the subject of the evening. Without van Maanen’s data, Curtis pointed out, Shapley’s model of the universe collapsed on the question of the spiral nebulae. Of van Maanen’s data he said, radiating confidence and pausing for effect: “There are some observations that are not worth a damn, and others that are not worth a damn. In my opinion, two damns are no better than one damn.”

The room burst into laughter. Curtis didn’t need to say more as the guffaws of the audience erased all that had gone before. The newspaper reporters, most of whom hadn’t really done their homework or followed the details of the presentations that night, treated the laughter as a verdict. In the popular press, the great symposium on the scale of the universe, the biggest science story of the decade, was decided by a one-liner.

If the newspapers awarded Curtis a knockout, the astronomers in the audience remained divided. Some were content to ignore Shapley’s findings, either because they had been persuaded by Curtis’s arguments or because the small sample of data from a newcomer wasn’t enough to rescale the universe. Others found Shapley’s elegant method and clever use of evidence too compelling to ignore.* Predictably, the participants split their decision. Curtis thought that his approach had probably been too technical for the audience, but that overall, “the debate went off fine in Washington, and I have been assured that I came out considerably in front.” Shapley was more circumspect in his claims: “I think I won the debate from the standpoint of the assigned subject matter.”

Some were disappointed that the “scientific debate of the century,” instead of revealing definitive new truths about the universe, had turned out a draw. But for one man at the Smithsonian that evening, that very inconclusiveness was the symposium’s most important outcome. George Hale—director of the Mount Wilson Observatory, an officer of the National Academy of Sciences, a distinguished solar astronomer, and the promoter of the original topic for the symposium—diplomatically refused to take a public position on the big questions of the evening. When pressed, Hale answered in statesmanlike fashion that the evidence was intriguing but not yet persuasive.

The important word for George Hale was evidence. As an experienced astronomer and the director of a major research facility, he knew that the frontiers of science would always have vague borders. The issues at the symposium had been argued among astronomers for as long as men had gazed at the sky. What made it different now was that Harlow Shapley and Heber Curtis were tantalizingly close to being able to answer those questions. Astronomy was at the dawn of one of those breathtakingly exciting moments in the history of a science when scientists were ready to explore a whole new level of inquiry.

As the two men presented data from the most powerful telescopes in the world, George Hale thought about astronomers extending their observations and their cosmologies even further, to the very edge of the universe, to the beginning of time.

Hale was no novice with telescopes. He had already shepherded through construction three great telescopes, each larger than any before it. The next step, in his mind, was not just an increment over those machines, but a leap in technology and design, an instrument orders of magnitude larger and finer than any that had ever been built. He had enough experience with telescopes to know that to design and build a machine on that scale and to those specifications would require an unprecedented national engineering and scientific effort: the coordination of the talents and efforts of hundreds of scientists, engineers, designers, artists, and craftsmen all over the country; the cooperation of the largest corporations, universities, and research institutions in the land; an appropriation of funds larger than any that had ever been made in support of a single scientific instrument; the extension of optics, metallurgy, control systems, and large-machine-construction technology to limits few had ever imagined possible; and a coordination of facilities and individuals that had never been attempted.

Anyplace but the America of the 1920s, it would have been an inconceivable project. The war that had humbled and exhausted Europe had been one more challenge for the United States—a challenge, like the Panama Canal or the Brooklyn Bridge, that could be solved with American resources, might, and spirit. While Europe licked its wounds, exhausted, enveloped in still-unsolved questions of diplomacy and hegemony, Americans talked of damming the great rivers of the West, bridging the Golden Gate at the entrance to San Francisco Harbor, building skyscrapers and super liners that would dwarf the achievements of an earlier era.

Even in that optimistic America of the 1920s, the machine Hale had in mind would press the limits of technology, stretching the confidence of a cocky nation perilously close to hubris. But science is compelling, the promise of timeless answers irresistible. And George Hale, as the secretary of the National Academy of Sciences had learned, was not a man to take no for an answer.






3

The Worrier

Even as a boy, growing up in Chicago, George Hale worried too much. The family firm, Hale Elevators, had profited handsomely from the construction boom after the Great Chicago Fire, and the Hale’s lived well. A few split branches in the family tree, including the divorce of George’s maternal grandparents, caused a stir in their time, but quiet money, a reputation for generosity, and a splendid town house gave William Hale and his family a secure position in Chicago society.

George was a sickly child. The doctors could find no explanation for his chronic stomach trouble, backaches, and fainting spells, so George’s mother, a semi-invalid who confined herself to dark rooms because of paralyzing headaches, prescribed her own medicine, a regimen of reading—Homer, Robinson Crusoe, Don Quixote, and Grimms’ Fairy Tales. George acquired, or inherited, both her love of literature and her unpredictable, terrifying headaches.

When his mother retired to her dark room, George liked to experiment with tools and instruments. His brother and sister would discover him lost in a world of his own. When they spoke, he didn’t answer. If they made a loud noise, he seemed not to hear it. To those who had never seen the concentration of a scientist absorbed in his work, George’s behavior was mystifying. He didn’t seem an ordinary boy. On a trip to London, George’s friend bought magic tricks; George spent his allowance on an expensive spectroscope.

Each new passion became an obsession: When he became interested in microscopy, his father bought him a fine Beck binocular microscope. For months microscopy excluded all other interests, until it was replaced by the next passion. George’s father worried about his son. What would become of a boy with no focus, no plans or ambition, who preferred puttering alone to sports and friends, whose dabbling in one science after another seemed to lead nowhere?

Then George discovered astronomy. As far as anyone in the family could remember, it started when he read Jules Verne’s From the Earth to the Moon. Soon nothing else mattered. He devoured books and articles about astronomy, visited observatories, interviewed astronomers and telescope makers, planned his own astronomy journal, and fired off a flurry of letters to general interest magazines, offering to write articles. He was thirteen years old.

Before his fourteenth birthday the enthusiastic young astronomer got up the nerve to call on Sherburne Wesley Burnham, a quiet Chicago court reporter by day and obsessed amateur astronomer by night. Burnham let young Hale assist him in his painstaking observations of double stars. One evening he told Hale about a secondhand four-inch telescope, built by the well-known optician Alvan Clark, that was available at the right price. It was the first of many telescopes that George decided he must have.

This time George’s father refused to indulge what seemed yet another whim. But George argued and pleaded until William Hale ultimately relented and surprised George with the Clark telescope













































































OEBPS/images/9780062105783_Outside_Front_Cover.jpg
# HarperCollins e-books

The Perfect Machine

RonaldiElerence





OEBPS/images/9780062105783_Outside_Front_Cover.png
# HarperCollins e-books

The Perfect Machine

RonaldiElerence





OEBPS/images/logo.png
HarperPerennial
A Division of HarperCollinsPublishers





OEBPS/page-template.xpgt
 

   

     
	 
    

     
	 
    

     
	 
	 
    

     
	 
    

     
	 
	 
    

     
         
             
             
             
             
             
        
    

  

   
     
  





