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Praise for To Conquer the Air


“Detailed, well written, and told with the grace of a symphony conductor making with his wand one grand and glorious whole out of many melodies . . . Tobin has written a history of early flight that ought to become the standard for this generation.”


—National Geographic Adventure


“You don’t have to be an aviation buff to be spellbound by this wonderfully told American success story.”


—Reader’s Digest


“A dogged researcher and a great storyteller . . . Tobin beautifully re-creates the Wright brothers’ mental universe . . . Kudos to Tobin for capturing the challenge and thrills of this extraordinary individual and collective achievement in this well-written, enlightening book.”


—The News & Observer (Raleigh, NC)


“This extraordinarily well-written and deeply nuanced work is the best of the recent spate of books celebrating the Wright Brothers . . . A detailed yet truly exciting tale . . . this should stand as the definitive account of their life and times.”


—Publishers Weekly (starred review)


“A remarkably fluent account of the technological obstacles to flying that had to be overcome, but also a moving narrative of the personal drama involved.”


—The Philadelphia Inquirer


“A meticulous account of the grinding, day-to-day advances and setbacks, but also infected with the sheer wonder of taking wing.”


—Kirkus Reviews


“Tobin tells his detailed, exacting story well and makes the mysteries of flight comprehensible. [He] brings the Wright Brothers out of the dustbin of history and into the readers’ imaginations . . . To Conquer the Air is a fine book that provides a signal service in illuminating the discovery of flight.”


—Bookreporter.com


“Tobin transforms thorough research into a flowing narrative with news for even connoisseurs of Kitty Hawk.”


—Booklist


“Of the many books being released in this centennial year to mark the Wright Brothers’ achievement, the one that best captures this wonderful all-American chili of a story is James Tobin’s To Conquer the Air.”


—Christianity Today


“Superb.”


—San Jose Mercury News


“To Conquer the Air is in every way a thrilling story that takes the Wright brothers out of their traditional isolation at Dayton and Kitty Hawk and places them front and center in a drama of invention, daring, competition, and eventual triumph.”


—Justin Kaplan, Pulitzer Prize–winning author of Mr. Clemens and Mark Twain: A Biography


“Whether judged in terms of scholarship or writing, this is an outstanding narrative of the Wright brothers’ and their competitors’ race to fly. The story is compelling in itself, yet this book is larger than that story alone. It explores man’s dreams, and what is required to transform a dream into reality. And it is a book that teaches us about heroism—not the kind that comes from a surge of adrenaline but the heroism that determines how one lives.”


—John Barry, author of Rising Tide: The Great Mississippi Flood of 1927 and How It Changed America


“James Tobin explains with meticulous clarity the mysteries of nature and the challenges of technology that vexed the Wright brothers’ pursuit of machine-powered flight. He also tells the riveting tale of their fevered rivalry with the imperious head of the Smithsonian Institution, Samuel Pierpont Langley, with fabled inventor Alexander Graham Bell, and with the brash daredevil Glenn Curtiss. How two homespun Midwestern tinkerers prevailed against such formidable competitors in the race to achieve the miracle of flight is a tale as thrilling as it is inspirational. An utterly engrossing read.”


—David M. Kennedy, Pulitzer Prize–winning author of Freedom from Fear:


The American People in Depression and War, 1929–1945


“To Conquer the Air differs from all previous books on the Wright brothers in that their rivals in the race for flight emerge from the background, full-bodied and three-dimensional for the first time. It will be many years before a livelier, more readable history of the invention of the airplane makes an appearance.”


—Fred Howard, author of Wilbur and Orville: A Biography of the Wright Brothers


“What The Metaphysical Club was to the development of philosophic thought in America, this beautiful book is to the development of man in flight. Far more than a mere account of the Wright brothers’ triumph, To Conquer the Air is a yeasty, richly drawn evocation of an era and of the strange, visionary, obsessed, and difficult men who battled one another to claim it in their name.”


—Ron Powers, co-author of Flags of Our Fathers
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“I FELT ITS PATHETIC PREEMINENCE IN A STREET OF MEAGER HOMES.”


7 Hawthorn Street, Dayton, Ohio, about 1900


HIS FATHER AND SISTER had gone to Woodland Cemetery to plant flowers at the grave of his mother. His younger brother was busy elsewhere. It was a holiday, and the house was quiet. He could take care of the letter he had been meaning to write.


He sat, took out paper and pen, and wrote:


 


The Smithsonian Institution


Washington.


 


Dear Sirs:


I have been interested in the problem of mechanical and human flight ever since as a boy I constructed a number of bats of various sizes. . . . My observations since have only convinced me more firmly that human flight is possible and practicable. It is only a question of knowledge and skill as in all acrobatic feats.


 


He was thirty-two years old and unmarried. He was lean and bald. His lips were thin and he usually held them tightly shut; he may have been self-conscious about his teeth, which had been smashed in a hockey game years ago. His ears flared. Only his eyes saved him from outright homeliness. Ten years later, when he was one of the most famous men in the world, reporters had trouble getting him to say much about himself. So they remarked on his eyes as indicative of the character within. “This man is strange and cold,” one said, “but of a coldness that is smiling and sympathetic. . . . The countenance is remarkable, curious—the head that of a bird, long and bony, and with a long nose . . . the eye is a superb blue-gray, with tints of gold that bespeak an ardent flame.” He was a shrewd observer of people and of nature. Yet he once told his sister that “my imagination pictures things more vividly than my eyes.”


The subject of his letter was not the sort of thing he would mention casually to a neighbor. On this block of Hawthorn Street, on the west side of Dayton, Ohio, the houses stood so close together you could name the song somebody was playing on the piano three doors down, and make a fair guess who was playing. Any news traveled fast, and the news that somebody hoped to fly like a bird would travel faster than usual. Aspirations here tended toward the sensible. The neighbors included four carpenters, two day laborers, a machinist, a printer, a motorman, a market vendor, an insurance salesman, three widows, and two clergymen. One of the clergymen was the young man’s father—quite a prominent man, a bishop of the Church of the United Brethren in Christ, a stout widower who kept house with his schoolteacher daughter and two of his four grown sons. Their home was number 7, second from the corner of Hawthorn and West Fourth.


“When I saw this house,” a visitor said later, “I felt its pathetic preeminence in a street of meager homes.” It was narrow but it extended way back on the lot, with white clapboards and green shutters. At the front was the parlor, with a slant-top writing desk; a cherrywood rocking chair with horsehair upholstery; a chaise longue and a settee. In back of the parlor was the sitting room, dominated by a tall cherry bookcase, its contents suggesting a family of enthusiastic readers with broad interests, from Charles Dickens and James Fenimore Cooper to a six-volume History of France and Charles Darwin’s Origin of Species. Next came a spacious dining room, with a long sideboard, a drop-leaf table, and six walnut chairs. At the rear of the house was the kitchen. Upstairs there were four small bedrooms. Out in back was a “summer kitchen”—a detached shed—and an outhouse. Along the front and left side of the house there was a long porch. The young man and his brother had built it in 1892. They kept it simple, leaving off the usual gingerbread trim.


The young man continued his letter:


 


Birds are the most perfectly trained gymnasts in the world and are specially well fitted for their work, and it may be that man will never equal them, but no one who has watched a bird chasing an insect or another bird can doubt that feats are performed which require three or four times the effort required in ordinary flight. I believe that simple flight at least is possible to man and that the experiments and investigations of a large number of independent workers will result in the accumulation of information and knowledge and skill which will finally lead to accomplished flight.


 


He once remarked that for a person endowed with greater gifts than others, but lacking in the push needed for conventional success, there was “always the danger” that he would “retire into the first corner he falls into and remain there all his life.”


This is what had happened to him, and the letter was part of his effort to get out of his corner. He possessed extraordinary gifts. Yet he had lived more than half the average span of an American man of his time without doing or making anything he could call his own. He lived in his father’s house. The woman in his life was his sister. The children he loved belonged to his older brothers. He gave most of his time to a storefront business without caring for business or money. His only advanced education had come from his father’s books. He had put his powerful mind to work in only one cause—an obscure church controversy, also his father’s. But he did not even have his father’s faith.


He was “an enthusiast,” he wrote:


 


. . . but not a crank in the sense that I have some pet theories as to the proper construction of a flying machine . . . I am about to begin a systematic study of the subject in preparation for practical work to which I expect to devote what time I can spare from my regular business. I wish to obtain such papers as the Smithsonian Institution has published on this subject, and if possible a list of other works in print in the English language . . . I wish to avail myself of all that is already known and then if possible add my mite to help on the future worker who will attain final success. I do not know the terms on which you send out your publications but if you will inform me of the cost I will remit the price.


 


Yours truly,


Wilbur Wright


 


BY JUNE 1, traveling by rail, the letter arrived in Washington, where it was carried to the turreted, red-sandstone headquarters of the Smithsonian Institution, on the southern edge of the long green known then as Smithsonian Park. There the letter was opened, sorted with others of its type, and taken through echoing halls to the office of Richard Rathbun, second in command at the Smithsonian, whose duties included the oversight of the Institution’s correspondence with scholars, scientists, and the merely curious in every part of the world.


Rathbun, an expert on marine invertebrates, handled many such inquiries each week. Like Wilbur Wright, people everywhere regarded the Smithsonian as a fountainhead of scientific and cultural information, much of it published in the Institution’s own periodicals. A man once wrote to ask for all Smithsonian publications on geology, biology, botany, the National Museum, the Bureau of American Ethnology, Indians, International Exchanges, the National Zoological Park, the Astrophysical Observatory, “and any other interesting subjects.” He was told that compliance with his request would require the shipment of several thousand volumes. With the financial support of the U.S. Congress and a host of private benefactors, the Smithsonian was the best-endowed, most prestigious institution of science, culture, and learning in the entire nation. Its exhibits, repositories, storehouses, laboratories, and libraries were known throughout the world, and all of these existed to fulfill the terms of the 1846 will of the Institution’s founding benefactor, the Englishman James Smithson, who had called for an American institution to foster “the increase & diffusion of knowledge.” Every legitimate question was to receive a careful answer. So people wrote by the hundreds every year.


The letter from Dayton would have occasioned no special notice in Rathbun’s office but for one salient characteristic. It raised the question of mechanical flight. This was a topic of consuming interest to the fourth secretary of the Smithsonian himself, Samuel Pierpont Langley.


In public stature and prestige, Langley was the most prominent scientist in the United States. His best friend was Alexander Graham Bell, the inventor of the telephone. Langley was a frequent guest at the White House. He dined regularly with the historian Henry Adams, grandson and great-grandson of presidents; and John Hay, who had been personal secretary to Abraham Lincoln and was now secretary of state. Langley corresponded with the likes of Rudyard Kipling and the philosopher Charles Sanders Peirce; as a young man he had listened for hours to the philosophical discourses of the great British historian Thomas Carlyle.


In the entire world only a handful of men with any standing in science had suggested that human flight was possible. Langley not only had said so, but had done more than anyone else to bring the possibility within reach. He was now the leading flight experimenter in the world, and the pursuit of human flight had become the passion of his life.


Wilbur Wright would have to contend with the doubts of his neighbors in Dayton. Secretary Langley, far more grandly and self-consciously, was assailing the arguments of Sir Isaac Newton and several of the leading mathematicians and physicists of the day, who said basic laws of logic and physics rendered human flight highly unlikely if not utterly impossible. Wright hoped to “add my mite” in the search for a solution. Langley aspired to join the pantheon of history’s greatest scientists.


To build his case, Langley had undertaken a long series of experiments in aerodynamics that culminated in 1896 with the flights of two substantial flying machines—unmanned—over the Potomac River. He called them “aerodromes,” his own coinage from the Greek, meaning “air runner.”


Among the handful who saw the first unmanned flight of a Langley aerodrome was Alexander Graham Bell, who captured the only photographs of the event. That evening he jotted a note to Langley—“I shall count this day as one of the most memorable of my life”—and to the editor of Science he sent a resounding endorsement of the secretary’s achievement: “No one could have witnessed these experiments without being convinced that the practicability of mechanical flight had been demonstrated.” Certainly Bell was convinced, and he went back to his own flight experiments with new zeal.


“A ‘flying-machine,’ so long a type for ridicule, has really flown,” Langley declared. “It has demonstrated its practicability in the only satisfactory way—by actually flying, and by doing this again and again, under conditions which leave no doubt.” As Langley’s engineer later put it, the model aerodromes known as No. 5 and No. 6 were “the only things of human construction that had ever really flown for any considerable distance.”


Now, three years later, with all the resources of the Smithsonian at his command, and the largest appropriation for research ever granted by the U.S. War Department, Langley was directing an entire staff in the design and construction of a much larger machine—a machine that would carry a man. President William McKinley had taken an interest in the project, and Theodore Roosevelt, now governor of New York, had played a key role in assuring the funding. Langley expected to conduct the first trials by the end of the year.


If the secretary had been in his office that day, Richard Rathbun might have mentioned the carefully written and well-informed request for information on mechanical flight. But Langley was in Europe. He went abroad nearly every summer, to meet with his international peers in the world of science; to raise the Smithsonian’s profile as an institution of world rank; and to indulge his own love for the sites of European high culture.


So Rathbun sent back a brief reply to Dayton with “a list of works relating to aerial navigation, which will probably best meet your needs,” plus several Smithsonian pamphlets.


Wilbur Wright’s letter was filed and forgotten.





Chapter One
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“LIKE A LIVING THING”


The first flight of Langley’s unmanned Aerodrome No. 5, May 6, 1896


RALPH WALDO EMERSON once remarked that in all nature, birds were the “reality most like to dreams.” They were not only graceful and free. They also seemed to pierce the veil between this difficult world and whatever ethereal regions might lie beyond it. So every culture has cherished a collective dream—a myth—about humans finding a path into the sky.


One event more than any other promised to bring the magic within man’s grasp. It had happened only three years before Wilbur Wright wrote his letter, on the afternoon of May 6, 1896, when Secretary Langley’s unmanned model Aerodrome No. 5 first flew over a remote reach of the Potomac River, thirty-five miles south of Washington, D.C.


Langley had watched from the bank. Alexander Graham Bell sat in a rowboat out on the river, near the houseboat with No. 5 mounted on its catapult on the roof. The unmanned machine looked like a giant white dragonfly, sixteen feet from nose to tip, with one pair of wings forward and another behind. Earlier versions had failed to fly. But this time, when Langley’s men started the steam engine and launched the craft over the water, it remained aloft and sailed into a graceful circle. “Like a living thing,” Langley remembered, it “swept continuously through the air . . . and as I heard the cheering of the few spectators, I felt that something had been accomplished at last, for never in any part of the world, or in any period, had any machine of man’s construction sustained itself in the air before for even half of this brief period.”


“We may live to see airships a common sight,” he wrote later, “but habit has not dulled the edge of wonder, and I wish that the reader could have witnessed the actual spectacle.”


No. 5 had vindicated the labor and hope of ten years. Langley believed it was the herald of a new age, proclaiming that the myth was about to come to life.


HE NEVER INTENDED to be an inventor. He was a scientist, a student of nature, and deeply proud of it. Indeed, he had made himself a scientist against rather long odds, after a false start.


He had been a boy in Boston in the 1840s, the descendant of New England Puritans and the son of a prosperous wholesale merchant who belonged to the city’s “aristocracy of trade.” At the end of his life, when Langley tried to record everything he could recall from his earliest years, he remembered a day when he was punished for refusing to recite, “an early breaking down of my will.” He remembered his first doubt in the existence of God—“a doubt which has never entirely left me”—when a mosquito stung him just as he prayed it would not. He recalled a night trip on the horse ferry to Martha’s Vineyard, and the view through his father’s telescope as workers put the capstone on the monument to the veterans of Bunker Hill. These were fragments without a pattern. In better times, when he spoke of his childhood, the events he recalled had to do with his life’s work—with becoming acquainted with nature, especially the birds and the stars. Langley developed a multifaceted curiosity that would take him deep into literature, history, and art. But his calling was to look skyward.


“I cannot remember when I was not interested in astronomy,” he later told a friend. “I remember reading books upon the subject as early as at nine, and when I was a boy I learned how to make little telescopes, and studied the stars through them. Later I made some larger ones, and . . . I think myself they were very good for a boy.”


 


One of the most wonderful things to me was the sun, and . . . how it heated the earth. I used to hold my hands up to it and wonder how the rays made them warm, and where the heat came from and how. I asked many questions, but I could get no satisfactory replies . . . I remember, for instance, one of the wonders to me was a common hotbed. I could not see how the glass kept it warm while all around was cold, and when I asked, I was told that “of course” the glass kept in the heat; but though my elders saw no difficulty about it, I could not see why, if the heat went in through the glass, it could not come out again.


 


After Boston High School, where he excelled in mathematics and mechanics, he apprenticed himself to a civil engineer in Boston, then to an architect. He loved the study of the stars. But he had been born a few years too early. Stargazing was common in the seafaring towns of New England, but scientific astronomy was chiefly a gentleman’s hobby when Langley was a boy. Observatories were few, and their potential for useful knowledge was little appreciated. When he was nine years old, people stared in awe and fear at the Great Comet of 1843, with its brilliant tail spreading fifty degrees across the sky. The comet spurred support for astronomical studies, and an observatory was established at Harvard. But when Langley was finishing school, astronomy could support only a tiny handful of professional practitioners.


Langley’s younger brother John went to Harvard and became a professor of chemistry. But Samuel became stuck at a series of drafting tables—first in Boston, then in St. Louis and Chicago. In 1861, his brother joined the Union Navy as a surgeon. But Samuel stayed put in a civilian job ill-suited to his intellectual gifts and passionate interests. No explanation survives of why one Langley brother from Boston, the home of abolitionism, served the Union cause but not the other.


As a job, architectural drafting was not a bad match for Langley’s skills in drawing and mechanics. Yet the work apparently left him empty. He did not marry, so his time off was completely his own, and it is clear that he devoted much of it to reading deeply in astronomy. He observed the skies whenever he could, with whatever instruments he could borrow. Finally, in 1864, at the age of thirty-one, he quit his job and went home to Boston.


If his family considered his decision rash, they must have seen his fixity of purpose in what he did that fall. As the Army of the Potomac beseiged Confederate forces at Petersburg, Langley built a device for observing distant heavenly bodies. He had a Smithsonian monograph on how to make a telescope, and advice from an expert in fine optical equipment, and he enlisted his brother, home from the Navy, as his assistant. Using tools they scrounged from an old barn, the brothers worked for three months on the construction. Samuel ground or reground some twenty mirrors until he had one that he considered acceptable. “My brother’s . . . perseverance would not allow us to be satisfied with anything short of a practical degree of perfection,” John recalled.


Still “without fixed duties,” the brothers then left Boston for a year-long tour of European museums, astronomical observatories, and galleries of art. It may have been on this trip, the first of many that Samuel Langley made to Europe, that he became friendly with the British historian and essayist Thomas Carlyle, who attributed the movements of history to the heroes, the “great men,” of each generation, and who advised the young not to “know thyself,” as Socrates had taught, but “to know thy work and do it.” Langley revisited the philosopher’s home time after time over the years, and listened for many hours.


BY THE FALL OF 1865, when Langley returned from Europe, there were fifty observatories in the United States and good positions even for self-taught astronomers. He quickly found a post as assistant to Joseph Winlock, a leading figure in the field, at the Harvard Observatory. After a year he moved to the U.S. Naval Academy at Annapolis, where he was named assistant professor of mathematics. In 1867, he became director of the new Allegheny Observatory and chairman of astronomy and physics at the Western University of Pennsylvania, later to become the University of Pittsburgh. “He had not as yet published anything of note; had not made himself known in the universities; had made no popular addresses; had not pushed himself into notice in any way,” said his friend, the historian Andrew Dickson White, founding president of Cornell University. “Yet there was in him something which attracted strong leaders in science, inspired respect, won confidence, and secured him speedy advancement.”


Still, the Allegheny post was no prize. Pittsburgh in 1867 was a rough, raw town, just beginning its rise to industrial power, and a long way from Boston, Philadelphia, New York, and Baltimore, the seats of American science and culture. The university boasted a faculty of just twelve, three of whom, like Langley, had no college degree. The observatory was an orphan. The college had taken it off the hands of a bankrupt association of local amateurs. Its telescope was a good one. Otherwise Langley had no scientific apparatus, no library, and no assistant. Besides the telescope, the observatory’s furnishings consisted of a table and three chairs.


And the Western University of Pennsylvania was no Harvard or Yale, where a scientist could devote most of his time to pure study. The typical astronomer in such a school, as one said, found “his strength burdened to the limit of endurance, by the routine of daily class instruction.”


Langley did not mean to spend his new career at a blackboard. He lost no time in securing two steady sources of outside funding. First, he cultivated a rich railroad man and amateur stargazer, William Thaw, who agreed to supplement Langley’s salary and subsidize his projects. Next, Langley arranged to sell the astronomer’s one commodity of practical value—accurate time.


In the late 1860s, every city and town in the United States operated according to its own reading of the correct time. For a nation that increasingly depended on efficient railroads, this was intolerable. Observatories, already tracking the movements of the earth with extreme precision, could also track the exact time, and transmit it by telegraph. Langley informed himself on timekeeping at other observatories. Then, with Thaw pulling strings among railroad friends, he beat out competitors for the right to sell astronomical time to the mighty Pennsylvania Railroad and all its subsidiary lines. The fees were enough to equip Langley’s observatory handsomely and pay for an assistant. Other customers, including the city of Pittsburgh, were soon added. The time service boosted Langley’s standing with practicality-minded administrators and patrons. He could point to it as a substantial down-to-earth benefit of their investment and support.


His faculty colleagues were not so impressed. They complained that Langley was neglecting faculty meetings as well as the classroom, though students’ fees paid most of his salary—which, with William Thaw’s supplement, was now the highest on campus. Langley retorted that if he neglected the usual faculty duties, it was only to make the observatory “useful not only to science in the abstract but to the University as a seat of learning.” In other words, his bid for eminence would pull the lowly university upward with him. He went on to propose that the faculty of the observatory—that is, himself—should become an entity separate from the regular faculty, with the power to run its own affairs. Administrators turned down that proposal, but they did formally declare that Langley would be expected to teach no classes, grade no papers, and play no role in administration. He would operate as a department unto himself, probing the universe full time.


LANGLEY HAD INTENDED to study stars. But in expeditions to witness the total solar eclipses of 1869 and 1870—the first to Kentucky, the second to Spain—he fell captive to the sun. To Langley, an eclipse allowed a full apprehension of humanity’s place in a universe of spheres suspended in nothingness. His description revealed his hunger to experience the sublime in nature. As one watched, he said:


 


. . . the sun’s disk is seen to be slowly invaded by the advancing moon, and as the solar brightness is gradually reduced to a thin crescent, daylight fades with increasing rapidity, and a quite peculiar and unnatural light, hard to describe but which no one forgets who has once seen it, spreads over the landscape. Then, and suddenly, we come to a new sense of the reality . . . of the heavenly bodies, for the moon, which we have been accustomed to see as a disk of distant light on the far background of the starry skies, takes on the appearance of the enormous solid sphere which it is, and a faint glow within its circumference . . . makes its rotundity so perceptible that we feel, perhaps for the first time, the perpetual miracle which holds this great cannonball-like thing from falling.


 


He had stumbled into solar studies at a promising moment. The recent discovery of a predictable cycle in the appearance of sunspots had spurred intense interest in the possible relationship between sunspot activity and events on Earth, from gravitation to weather to crop cycles. Studies of the sun promised practical knowledge for solving “some of the mightiest problems in our study of the human race itself.” And the sun had practical advantages. Langley could do his observing during the day, no small thing in a profession that doomed most of its practitioners to nocturnal lives. Furthermore, as he liked to tell eastern friends, the sun was “perhaps the only celestial object that I can hope to see and observe in any detail and with any regularity in the Pittsburgh area with its coal-burning steel mills and its soot-and-smoke-filled atmosphere.”


Astronomers since ancient times had been concerned with the location of heavenly bodies. In Langley’s time, they were turning to probes of the composition and behavior of stars—not the where but the what, and why. The key tool in the “new astronomy” was the spectroscope, which, with prisms, broke starlight into its component colors and patterns, each of which might reveal secrets about the stars’ chemical composition. Langley was all for the new astronomy. But early in his career, he left his spectroscope mostly in storage. Spectroscopy was a business of analysis, not direct observation. It could not satisfy Langley’s desire for a primal experience of the heavens. Instead, he chose a program of study that allowed him to look at the sun with his own eyes. He focused on sunspots, those misleadingly named regions “whose actual vastness,” Langley said, “surpasses the vague immensity of a dream.”


Theories about sunspots diverged wildly. Were they eruptions? Cyclones? Currents? In the era before astronomical photography, painstaking observations and drawings were essential. This required extreme patience even on a clear day, for the earth’s atmosphere made the sun’s image blur and waver. “One who has sat at a powerful telescope all day is exceptionally lucky if he has secured enough glimpses of the true structure [of the sun] to aggregate five minutes of clear seeing.”


Langley’s sunspot drawings reveal his fierce self-discipline. His purpose was not to be an artist, not to render a beautiful image or convey his own impression of the thing he observed. It was to be a camera—to record the strange physical features that appeared in the lens exactly as he saw them, without letting his beliefs about their physical nature influence the drawing. Even though Langley might suspect that a sunspot was in fact a solar cyclone, he could not allow himself to depict a sunspot as though it were a cyclone. He must draw what he saw. Only if the drawing then resembled a cyclone would it tend to confirm the theory.


[image: Images]


“THE ONLY CELESTIAL OBJECT I CAN HOPE TO SEE IN PITTSBURGH”


Langley’s freehand drawing of a sunspot


The drawings were not meant to be beautiful, but in fact they were, besides being enormously detailed and accurate. Of his hundreds of sunspot renderings, several became classics of solar studies, remaining in textbooks well into the twentieth century. George Everett Hale, a great astronomer of the next generation, once remarked that the more powerful telescopes became, the more their images of sunspots resembled Langley’s freehand drawings.


He took pride in his attention to detail and proper method. He recorded every detail of his work in notebooks and insisted his aides do the same. “The user of this book,” he wrote in one, “is expected never to commence the entry of a day’s observations without writing under ‘object’ what the general aim of the observations is to be, nor to end the day, under whatsoever pressure of occupation or fatigue, without writing under the heading ‘result’ a few words (if only a line) to indicate what seems to him then the general tenor and result of the day’s work, without waiting for final reduction and analysis.” “I can, I hope, honestly say that I spare no personal pains in observation and experiment,” he told a friend.


In time, Langley’s studies led him to develop an extremely sensitive and delicate thermometer for measuring radiant heat in spectra. He called the device a bolometer. It showed his skill in technology and led to his most important contributions in astronomy. Using it—and only he and a handful of others ever possessed the patience to do so—Langley discovered heretofore unknown regions of the solar spectrum, estimated the heat of various regions of the sun’s surface, and calculated the solar constant (the energy of the sun before it strikes Earth’s atmosphere). The bolometer bolstered the dawning belief “that heat and light were not two different things, but different effects of the same thing.” And Langley’s presentations were lucid and winning. “The thoroughness, ingenuity, and beauty of his methods and the clearness of his style in presenting them attracted attention far and wide,” said an admirer.


He also mastered less noble means of advancement. He ingratiated himself with prominent men and women. He beefed up his list of publications—which eventually totaled more than two hundred—by composing different versions of the same set of experiments for several journals. He pushed aides to do work for which he received the credit. A good deal of the research at Allegheny was actually performed by Langley’s assistant, Frank Very, but it was always Langley’s name alone that went on the articles. “He was a man of strong personality,” an aide said, “likely to dominate almost any association into which he came: a hard taskmaster, as the real investigator is likely to be, sparing neither means, his assistants, nor himself in the pursuit of his object in research.”


He tended to exaggerate, to push his claims too far. He said the moon was colder than it turned out to be. He said the solar constant was higher than it turned out to be. He exaggerated the temperature to which the surface of the Earth would sink without its atmosphere. No one ever charged Langley with intellectual dishonesty. But the pattern of pressing too hard for findings and claims that might attract plaudits is too clear to ignore. “A certain part of Langley,” said a careful student of his career in astronomy, “was attracted to the spectacular.”


LANGLEY ADORED CHILDREN. When he visited the homes of friends with youngsters, he would take them on his knee and tell them fairy tales, “many of which he would improvise with wonderful tact to please the children.” Yet he never married. He was friendly with women, but apparently never became romantically attached to anyone. When the sun went down each day, the gaslight inside the house on the observatory hill burned only for him, alone in his chair with his books.


He read deeply and remembered, it seemed, practically everything. He read the great English novelists and German classics. He was fascinated by fairy tales, folklore, and ancient mythology. A prized possession was his collection of various editions of the Arabian Nights. He studied British and French history and biography. Later, in Washington, when Andrew Dickson White gave a series of lectures on the French Revolution, White was astonished at the learning that Langley’s questions revealed. “I particularly remember his minute and accurate knowledge of the comparative value of sundry authorities,” White recalled. “It was not merely that he had read works of importance in the history of the period . . . but that he had gone extensively into original sources, and especially into the multitude of memoirs.”


Though not a churchgoer, Langley thought deeply on questions of ultimate reality. He was “an ardent seeker of religious truth . . .” White said, “equally hostile to dogmatism against and in favor of received opinions.” He “loved to talk with men of positive religious views about their own beliefs, and took a deep interest in a Jesuit, or a Jew, or a Buddhist, or a Mohammedan, or, indeed, in any man who thought he had secured any truth and knew the way of life in this world or in the world to come.” An aide and friend at Allegheny said, “There was something reaching almost to the transcendental in his inner life.”


As the years passed, his work took him into deeper realms of the universe; his reading drew him into the fellowship of far-flung intellectuals, communing through the written word; and he became ever more a man unto himself, less likely to find companionship in Pittsburgh than when he arrived in 1867. Yet he was burdened by “a strong craving for real society,” a friend said, “by which he meant intercourse with people of diverse minds and knowledge, all of whom might give him that intellectual companionship for which he hungered.” He found few friends among his faculty colleagues, perhaps because he considered them beneath his intellect, perhaps because they continued to resent his high pay and privileges. He attended meetings of Pittsburgh’s medical society just to be able to talk with professional men who knew the language of science. On Sunday evenings he would descend his hill and trudge to the back room of a drugstore because a half-dozen souls gathered there to talk about books. To his friend Charles Sanders Peirce, the eminent Johns Hopkins philosopher, who had visited Langley in Pittsburgh, he wrote: “You have seen for yourself how far it is from the companionship a student of science wants; and you will understand what I mean in saying that I am in that respect out in the cold, and would on that account willingly warm myself once or twice at your Baltimore fire.”


As factories edged closer to his hilltop, their smoke obscuring the skies, Langley found Pittsburgh more and more stifling. In an 1884 report to the community, he frankly asserted that the observatory lacked “almost every thing outside of its actual apparatus that the ordinary resources of American civilization would provide for it in any large American city but Pittsburgh.” Its work—his work—had gone forward despite “a constant struggle with poverty,” an assertion that no doubt caused eyes to roll among his lesser-paid colleagues. “There are not only no museums of art, no libraries of reference, no collections of scientific material, but in general, none of those aids to the investigator which are to be found in so many younger and smaller places.”


He fled as often as he could. He went to Boston to see his mother, his aunt, and colleagues in the sciences, especially E. C. Pickering, a Harvard astronomer who became a close friend. During summers in Europe, often with Pickering in tow, he visited observatories, met with foreign colleagues, and acquired a taste for fine food and wine. As his own publications mounted, European astronomers increasingly knew Langley’s name and reputation. But he cringed whenever he had to explain where he came from. Once a reporter asked him if European scientists didn’t pity Langley for being stuck under Pittsburgh’s smoky skies. “In the astronomical circles of the Old World,” he replied, “it is often the case that the existence of Pittsburgh itself is hardly known, and the Allegheny Observatory is thought, from its name, to be located somewhere on the summit of the Allegheny Mountains.”


Friends on other campuses tried to find him a position that would better fit his growing reputation and satisfy his desire for comradeship. C. S. Peirce told Daniel Coit Gilman, president of Johns Hopkins, that Langley was the right man to direct the great observatory that Gilman wanted to build. Langley would be “a great addition to the university,” Peirce advised, “widely known not only as one of the very first men in the New Astronomy but also as a very charming and cultured person.” But the Johns Hopkins observatory remained unbuilt. In Cambridge, friends spoke of Langley as the obvious successor to his old superior, Joseph Winlock. But someone else was chosen. He was elected president of the American Association for the Advancement of Science, a post of immense prestige. But he walked the streets of Pittsburgh unrecognized amid people who had no inkling that such a thing as the solar spectrum existed, let alone why anyone would want to measure it.


As the 1880s passed, Langley could not have escaped the sense that his chance to become one of the historic figures of his own field, rather than merely an accomplished practitioner, was slipping away. The developing science of astrophysics was becoming too sophisticated for any scientist who, like himself, lacked proper training in differential equations and calculus. He said he was at best “a learner” in the higher mathematics, which he found a source of both wonder and frustration. Once, he instructed some aides to calculate the equation for a curve, and when they did the work “in a decidedly roundabout way . . . covering many pages with mysterious-looking formulae and equations . . . it was interesting to note the almost reverence with which he afterward turned these pages, really impressed by what looked so profound, and which he did not understand.”


In a moment of humility he confessed to a friend: “I know nothing about chemistry and little about chemical physics,” and, “I have never been able to flatter myself that I could reach any eminence in . . . mathematics.” When he vented his irritation, saying math was inferior to the direct telescopic observation that he did best, another astrophysicist issued a stinging put-down: “Professor Langley . . . shares the views of not a few, possessing like himself marked aptitude for experimental research, but seeming to become actually irritated when physical matters are dealt with in the only way in which they can be satisfactorily analysed. . . . No physicist, certainly no astronomical physicist, can successfully deal with the problems which come before him, without a mastery of at least the elementary methods of mathematical analysis—as the differential and integral calculus, the treatment of differential equations, the calculus of variations, and the like.”


If these were the keys to the cosmos, Langley knew he did not possess them.


•  •  •


IN AUGUST 1886 Langley caught a train for the annual meeting of the American Association for the Advancement of Science in Buffalo. The association had been founded in the 1850s to promote the highest standards of scholarly investigation and to “repress charlatanism.” These were the elites of American science, jealous of their reputation as high-minded truth-seekers, ever watchful for cranks and goofball theorists who might undermine public support for science. Still, promising amateurs occasionally were allowed to speak. Among the amateurs on the program at the 1886 meeting was an Illinois farmer and self-taught ornithologist, Israel Lancaster. He claimed that birdlike devices of his own design could stay aloft for as long as fifteen minutes. On a larger scale, he said, such devices could carry a man.


Lancaster’s first talk turned into a circus. Scientists laughed at his claims. Five days later the attendees jammed the room for Lancaster’s second talk, advertised as a demonstration of artificial birds. But Lancaster showed up with only a device to show the effects of air pressure on plane surfaces. This caused “great disappointment” among his listeners, The New York Times reported, and many “questions from the incredulous audience.” When Lancaster insisted a flying model could be constructed in minutes, one skeptic challenged him to do so on the spot. Another rose to offer one hundred dollars for a flying model; a third offered one thousand dollars; and this session, too, dissolved in noisy laughing and jeers.


Langley was in the audience, but he didn’t laugh. The farmer’s presentation had reminded him of the hawks he had watched in his childhood, and now, “I was brought to think of these things again, and to ask myself whether the problem of artificial flight was as hopeless and as absurd as it was then thought to be.”


LANGLEY KNEW “the whole subject of mechanical flight was . . . generally considered to be a field fitted rather for the pursuits of the charlatan than for those of the man of science.” If he chose to work on it, he would risk his reputation as a serious investigator, and if he failed, as every other experimenter had, he could count on outright ridicule, perhaps even the dismissal of all his legitimate work in astronomy.


So he began cautiously. He would attempt a single step in the direction of artificial flight—“Not to build a flying-machine at once, but to find the principles upon which one should be built.” Isaac Newton had believed that artificial flight would require power beyond the capacity of man. This had been true in Newton’s own time, perhaps, before the revolution in mechanical power, but was it true still? Langley decided he would try to determine precisely how much power was required “to sustain a surface of given weight by means of its motion through the air.”


In the yard of the Allegheny Observatory he directed the construction of a large machine called a whirling table, or whirling arm, for swinging winglike surfaces and stuffed birds in circles. The purpose was to measure the lift exerted by surfaces of various sizes and shapes. A steam engine drove the arm round and round at speeds of up to seventy miles per hour.


In one key test, Langley suspended a simple, one-pound brass plate by a spring from the end of the whirling arm. The weight of the plate, of course, caused the spring to extend a little. Then he set the arm in motion. By Newton’s reckoning of centrifugal force, he noted, “It might naturally be supposed that, as it was drawn faster, the pull would be greater.” But in fact, “the contrary was observed, for under these circumstances the spring contracted, till it registered less than an ounce. When the speed increased to that of a bird, the brass plate seemed to float on the air; and not only this, but taking into consideration both the strain and the velocity, it was found that absolutely less power was spent to make the plate move fast than slow.” This result he found “very extraordinary,” not to say paradoxical. After all, in any other form of transportation, from the oxcart to the locomotive, it was easier—that is, it required less power—to go slow than to go fast. But in the air, the experiment now suggested, the reverse was true.


To make sense of this puzzle, Langley remembered scenes from childhood. He thought of a stone skipping across water. Moving fast, the stone bounced off the water’s surface, but when the stone’s momentum slowed, it penetrated the surface and sank. He thought of a skater on the thin ice of a pond in spring. If the skater slowed down or stopped, he would plunge through. But if he maintained his speed, he could skim safely across. Thin ice might not hold much weight, but like every other substance in nature, it possessed a certain amount of inertia—that is, it resisted anything trying to push it out of its place. The same must be true, Langley said, of “the viewless air. Like thin ice on a pond, the air could hold up a moving object, but only if the object moved fast enough.” Langley deduced that speed was the key to human flight.


IN THE FALL OF 1886, just as Langley was beginning his study of aerial locomotion, the regents of the Smithsonian Institution were considering who should succeed the great naturalist Spencer Baird as secretary of the Smithsonian. Baird, at sixty-three, was complaining of exhaustion and a weak heart. Asa Gray, a distinguished Harvard botanist and an influential regent, wanted Langley to become an assistant secretary under Baird, with the understanding that he would move up upon Baird’s retirement or death. Gray spoke to his Harvard colleague, E. C. Pickering, asking him to sound out his friend in Pittsburgh.


Langley was surprisingly cautious. On the one hand, the overture exceeded his fondest hopes for recognition and intellectual companionship. Yet the actual job that Baird was offering Langley was assistant secretary for international exchange. This meant presiding over the Institution’s elaborate effort to distribute its publications around the world and to communicate with scientists and scholars. It was essentially a librarian’s job, and a demanding one. He wanted assurances that he could continue his scientific work. “I have no wish or ambition,” he told Baird, “to tempt me from giving most of my time to physical investigation—at least now, while I enjoy exceptional facilities for this, together with a freedom which I could not expect in any subordinate position.”


 


My professional life here [in Pittsburgh] is . . . a very pleasant one, in most respects, nor have I had occasion to leave the work of my predilection to increase my income. At the same time both my professional and domestic life here are exceptionally isolated, and I have felt the need of some change which would bring with it, along with society, new occupation, if that could be of a kind not wholly dissociated from my accustomed pursuits.


 


Baird said to come ahead; he could do his research. Langley made arrangements to continue as director of the Allegheny Observatory on a part-time basis, and left for Washington. Eight months later, Baird died, and the regents asked Langley to succeed him. He was inaugurated as the third secretary of the Institution in 1887.


EVEN AS LANGLEY was conducting the whirling-arm experiments, he was groping for a way to move beyond them—to construct a device that would fly by itself. By instinct and experience, he was an observer, not a theorist or designer. He needed something to observe, to gauge its behavior and make adjustments that might lead to a more promising next step. But the only things that actually flew were birds, and birds, he found, did not yield their secrets easily. The medium in which they operated—the ever-shifting air—was invisible. It was hard enough to track the movements of birds’ wings, harder still to understand them when he had no way of measuring the forces acting upon them. Now that he was in Washington, he had new means of investigation at his disposal. He examined birds’ anatomy, even the skeletons of pterodactyls in dusty Smithsonian storerooms. But it was no simple problem to reproduce the remarkable shape and flexibility of a bird’s wing, or its connection to the body. It was especially daunting to make a mechanism that would reproduce the “instinctive control of the wing,” which presumably allowed a bird “to meet the requirements of flight that are varying from second to second, and which no automatic adjustment can adequately meet.”


When he began in 1887, he was not yet familiar with the hand-held toy flyers that a young Frenchman, Alphonse Pénaud, had devised some years earlier—marvelous contraptions that had amused thousands of children around the world, including Wilbur Wright. (These were the “bats” Wright mentioned in his letter to the Smithsonian.) Though they stayed up no more than ten seconds or so, they were the first devices that ever kept their balance in the air. Langley needed something like them, if only to get some idea of what not to do.


One of his strengths—born of courage or sheer curiosity or some combination of the two—was a capacity to begin working in the face of an inexplicable and uncharted problem. He started from scratch. Still good with his hands, he constructed a series of hand-held devices similar to Pénaud’s. The first, vaguely resembling the shape of a bird, was “a light wooden frame with two propellers, each driven by a strand of twisted rubber.” He built more than forty hand-launched models in all. He tried the early ones on the grounds of the Allegheny Observatory, the later ones on the green plain of Smithsonian Park. Clerks and scientists alike would peer out the windows at their leader; one said, “It was a very amusing sight to behold the dignified Secretary . . . rushing about with coat-tails flying, chasing and dodging the little toy planes.”


Model by model, adjustment by adjustment, the devices improved, but not enough. Pénaud had reported flights of up to fifteen seconds with his marvelous little toys, but Langley never could make a model stay up for more than eight seconds, or fly for more than one hundred feet. “No machine in the whole history of invention, unless it were this toy of Pénaud’s, had ever . . . flown for even ten seconds,” he said later, “but something that will actually fly must be had to teach the art of ‘balancing.’” To understand the principles underlying that art, he needed to observe a machine in sustained flight. But to put a machine in flight, he had to understand the underlying principles.


[image: Images]


“SOMETHING THAT WILL ACTUALLY FLY MUST BE HAD.”


Two of Langley’s hand-held model aerodromes


There was only one route out of the paradox. If he meant to keep a machine in the air long enough to allow observation, he needed an engine much more powerful than a twisted strand of rubber. He knew power and speed were not sufficient, by themselves, to solve the puzzle of flight. “It is enough,” he wrote, “to look up at the gulls or buzzards, soaring overhead, and to watch the incessant rocking and balancing which accompanies their gliding motion to apprehend that they find something more than mere strength of wing necessary, and that the machine would have need of something more than mechanical power, though what this something was was not clear.” But as a beginning, he would have to concentrate on the task that was clear—to build an engine powerful enough to propel a weight through the air, yet light enough not to bring the craft crashing down. How to go up, how to come down, how to turn left and right—those problems, however essential, must wait. On vacations at Alexander Graham Bell’s magnificent estate overlooking the Bras d’Or Lakes in Cape Breton, Nova Scotia, Langley and his friend would spend hours on Bell’s houseboat, talking and speculating as gulls wheeled overhead. Once, after a long period of observing the birds in silence, the secretary exploded: “Isn’t that maddening!”


“What’s maddening?” Bell asked.


“The gulls!”


Bell replied, “I was thinking they were very beautiful.”


LANGLEY’S METHOD WAS TO try something, test it, fix whatever problems appeared, and try again. Every failure, however frustrating, was welcome, for it identified another problem he might solve if he tried hard enough and often enough. His aide, the astronomer Charles Abbot, once said of Langley: “Whether from natural disposition or from deliberate conviction that time could be saved thereby, or both, his method of attack upon a new experimental problem was to make rough trials at once, to improve the method as experience dictated, and at length reach the final dispositions as the result of correcting this and that detail, rather than by first spending long and careful study over every detail before reducing any part of the work to practice.” In engineering, the approach is known simply as “cut and try.”


He faced a void. “In designing this first aerodrome,” he wrote later, “there was no precedent or example. . . . Everything was unknown.” He groped for something to try, searching the catalogues of nature and civilization for some combination of things that move well through fluids. The bird, of course, offered the essential example of the wing and the tail. From the ship he seized the notions of hull and rudder. Wondering what shape the hull of a flying machine might take, he thought of “the lines which Nature has used in the mackerel,” and deemed this the best for movement through the air. With these images in mind, he drew a plan.


In a converted shop at the Smithsonian, Langley assembled a team. In one corner, machinists labored on engines and boilers. Other machinists worked on frames, often for more than one model at a time. Carpenters made spars and ribs for wings and tails, and covered them with fine and expensive fabrics, the lightest and strongest to be found—black silk, white silk, even the exceptionally light membrane of cattle intestines called goldbeater’s skin. Langley ordered up a smaller version of the whirling table and put it to work testing new shapes.


Slowly, with infinite care and pain, a basic shape emerged, one version supplanting another as Langley and his men struggled to find the right combination of strength and lightness. They would try a new design, test it, then alter “the form of construction so as to strengthen the weakest parts. . . . When the breakdown comes all we can do is to find what is the weakest part and make that part stronger; and in this way work went on, week by week and month by month, constantly altering the form of construction so as to strengthen the weakest parts.”


With his keen awareness of history, Langley consulted a philologist about a proper, Greek-derived name for his evolving creation. The term “aerodrome” emerged from these conversations; Langley took it to mean “air runner.” He thought of adding the prefix “tachy,” to connote the all-important concept of speed. But the philologist, one Basil L. Gildersleeve, suggested that “tachy-aerodrome” would have too many syllables, and Americans would reduce it to “drome” within ten years anyway. So Langley stuck with “aerodrome.”


The frames were in the shape of a cross, with a thick hull to hold the engine and arms to either side to hold propellers and wings. Difficult as it was to find a workable frame, it was far harder to design and build a workable engine light enough for Langley’s purposes. He believed internal combustion ultimately would provide the best power source for a flying machine, but in 1891, the new technology had not advanced far enough. He tried other sources of power—carbonic acid and compressed air—but soon was forced back to the old standby, steam, heavy but dependable. He set his machinists to work. With each model he would run tests to see if it was powerful enough to sustain the aerodrome in the air. He calculated that he must have an engine with enough power to lift a weight equal to at least 40 percent of the deadweight of the aerodrome in the shop; the wings would provide the additional lifting power in flight. The first design, which Langley labeled No. 0, was never tested. The engine of the second model, called No. 1, could lift scarcely more than 10 percent of the machine’s weight. No. 2 made it to 20 percent—encouraging, but the frame and wings were judged too flimsy to withstand a trial.


Langley knew science demanded repeated “backward steps—that is, the errors and mistakes, which count in reality for nearly half, and sometimes for more than half, the whole.” But in the aerodrome, the backward steps seemed endless. His memoir of the experiments is larded with countless attempts and tests that ended in disappointment:


 


“It appeared to be inexpedient to do anything more with it . . .”


“. . . these engines did not give results that were satisfactory . . .”


“. . . a long and tedious series of experiments . . .”


“. . . many unexpected difficulties . . .”


“. . . numerous features of construction . . . which proved useless when rigorously tested . . .”


“. . . difficulties which seem so slight that one who has not experienced them may wonder at the trouble they caused . . .”


“The delays . . . were always greater than anticipated . . .”


 


Finally tests showed the engine was ready. He knew perfectly well the problems of balance and steering remained unsolved. But he could begin to attack them only if he could watch his craft in actual flight. So “the point was reached where an attempt at actual free flight should be made.”


The models had no way to land, so he decided he had to conduct his test flights over water, to minimize the inevitable damage. This led to a long search for a suitable test site. Langley eventually decided on a wide and secluded stretch of the Potomac River near the village of Quantico, Virginia. He decided, too, that the models should be launched from a houseboat, which could be turned to face the wind no matter what the wind’s direction.


Attempts began with the coming of warm weather in 1894. Most were smash-ups. The best lasted only a few seconds. The machines, Langley told Bell, would typically “pitch up or down, but ordinarily up, showing an excess of power, not a lack of it, like a horse which is always trying to walk on his hind legs and falling backward.”


On May 6, 1896, two aerodromes were prepared for testing—No. 5 and No. 6. Shortly after lunchtime, No. 6 met the usual fate. The guy wire between the fore and aft wings caught on a strip that held the wings in place. A wing snapped and the craft flopped into the water, crushing the propellers. The mechanics fished it out, stowed the sodden pieces, then hoisted No. 5 onto the launcher, which they pointed to the northeast, into a “gentle breeze.”


Langley stood on shore holding a stopwatch, but “with hardly a hope that the long series of accidents had come to a close.” Bell was seated in a small boat near the houseboat, holding a camera. As the mechanics worked, a few locals looked on from shore. The launcher was tripped, and No. 5 slid along the track, then out over the water at a height of about twenty feet. The machine seemed to swoon, sagging three or four feet toward the water. But as it gathered speed it began to rise, and the spectators froze, then cheered. Rising slowly and gracefully at an angle of about ten degrees, the machine tilted slightly to the right and began to describe a great spiral roughly one hundred yards in diameter. It completed one circle and began another. Bell, thunderstruck, remembered to snap the shutter of his camera. Langley glanced at his stopwatch. A minute had passed, “and it still flew on.”


By the end of the second circle, when the aerodrome had reached a height of eighty or a hundred feet, the fuel ran out and the propellers slowed. Bell, expecting the craft to capsize and plunge headlong into the water, watched in awe as instead it glided onward in silence, nosing down slightly and finally settling “so softly and gently that it touched the water without the least shock.” In ninety seconds No. 5 had flown more than half a mile at a speed of roughly twenty-five miles per hour. That November, No. 6 made a flight over the river of more than five thousand feet, nearly a mile.
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“AS IT GATHERED SPEED IT BEGAN TO RISE.”


An artist’s rendering of the steam-driven Aerodrome No. 5


THIS SEASON OF TRIUMPH brought loss as well. Shortly after the test of No. 5, William Crawford Winlock, the son of Langley’s old patron at Harvard, whom Langley had appointed as a key assistant, died suddenly. A greater blow fell in September 1896, when George Brown Goode, assistant secretary in charge of the National Museum, died after working himself to exhaustion. Goode, a first-rate naturalist much loved inside the Institution and out, was widely regarded as the best museum man in the nation. He and Langley had become assistant secretaries together, and many believed Goode, not Langley, should have succeeded Spencer Baird as secretary. But Goode had become Langley’s close friend—“like a brother,” Langley said—and Goode’s strong hand in the Institution’s day-to-day affairs had freed Langley to devote most of his time to his own research. He was “a man who cannot be replaced,” the secretary told the regents, “a man who . . . possessed a combination of administrative ability and general scientific knowledge with every element of moral trustworthiness for which I do not know where to look again.”


With no wife or children of his own, Langley depended inordinately on a few close friends and their families. So for many months, a friend observed, “the severe strain of his scientific labors and his personal losses tended to a depression of spirits which caused him to shrink from new work.” At the request of McClure’s Magazine, he prepared a detailed account of his experiments. “Nature has made her flying-machine in the bird . . . and only those who have tried to rival it know how inimitable her work is, for the ‘way of a bird in the air’ remains as wonderful to us as it was to Solomon, and the sight of the bird has constantly held this wonder . . . in some men’s minds, and kept the flame of hope from utter extinction, in spite of long disappointment.” In closing he turned wistful, saying—or almost saying—that he was through with his part in the pursuit of flight. “Perhaps if it could have been foreseen at the outset how much labor there was to be, how much of life would be given to it, and how much care, I might have hesitated to enter upon it at all . . . I have brought to a close the portion of the work which seemed to be specially mine—the demonstration of the practicability of mechanical flight—and for the next stage, which is the commercial and practical development of the idea, it is probable that the world may look to others.”


In fact he was deeply torn about what to do. His apparent farewell to flight had no sooner appeared in McClure’s than Langley made it known—privately—that he wanted very badly to carry on the work himself. The difficulty was how to pay for it. To build a man-carrying aerodrome, he believed he would need at least fifty thousand dollars. He asked the regents and received permission to use a reserve research fund for his aeronautical work, but that was only enough to keep the work in low gear. If he pursued manned flight as a moneymaking proposition, he risked a tangle over ethics and propriety. More important, Langley had heard enough about his friend Bell’s long struggle to defend his telephone patent to know that he lacked the stomach—and the years—for such a battle.


In the spring of 1897, Bell’s aged father-in-law, the Cambridge businessman and philanthropist Gardiner Greene Hubbard, a Smithsonian regent, beseeched Langley to protect his creation. “You have done what no one has ever done before,” Hubbard said. “There is in that fact something novel, something new and therefore patentable.” Without a patent Langley would lose the credit due him and mankind might lose the benefit, while with one, he would stand a better chance of expanding his experiments. Hubbard even offered to cover the expense of applying for a patent. But the secretary hesitated. “I have passed sixty years, chiefly in quiet pursuits.” He could imagine himself making one more large scientific effort. But he could not imagine himself plunging into “years of labor and commercial strife, of a kind for which every habit of my life unfits me . . . I am not of an age to become another man than what I am.”


A rich benefactor might fill the need, one who wished only to help the cause of science. But there was none to be found. Twice that year Langley asked the Chicago engineer Octave Chanute, a flight enthusiast and promoter, to be on the lookout for such a patron. “If anyone were to put at my disposal the considerable amount—fifty thousand dollars or more—for . . . an aerodrome carrying a man or men, with a capacity for some hours of flight, I feel that I could build it and should enjoy the task.” Chanute offered encouragement but no concrete aid.


Langley’s itch to resume the work only grew. His aerodromes weren’t little hand-held toys, like Pénaud’s, but substantial and weighty. And they had flown for as long as they had fuel! Why not simply increase their dimensions to a size large enough to hold a man? The central problem would not be the form of such an aircraft—that problem he had solved already—but whether an engine could be built to propel it.


Isolated as a medieval scholar, Langley brooded in the nine-towered Smithsonian Building, universally known as the Castle, which appeared to one observer as if “a collection of church steeples had gotten lost, and were consulting together as to the best means of getting home.” In the fall of 1897, he drew out his notebook to record “certain private thoughts about a possible extension of my official aerodromic work to a scale which would enable the machine to carry a man.”


 


I believe that the results already accomplished on May 6/96, and Nov 18/96, make it as nearly certain as any untried thing can be, that with a larger machine of the same model, to carry a man, or men—if the steam engines could be . . . replaced by such gas engines as can probably now be built—flight could be maintained for at least some hours. . . . My idea would be not to experiment further in the quest of an ideal flying-machine, but to take the results already obtained—which it is almost certain will work on a considerably larger scale—and to repeat them in that form with such modifications only as the changed scale and the presence of a man in the machine may demand.


 


The same machine as No. 5, only bigger, launched from the same sort of houseboat, “but more elaborate,” with a more powerful engine, though very light. That would be the key, he was sure—an engine of unprecedented ingenuity, the most powerful lightweight engine in the world. The flat stone skips along the surface of a pond only so long as it moves fast. “Speed, then, is indispensable here.” An image from the poetry of Alexander Pope came to his mind:


 


Swift Camilla scours the plain,


Flies o’er the unbending corn, and skims along the main.


 


“Now, is this really so in the sense that a Camilla, by running fast enough, could run over the tops of the corn? If she ran fast enough, yes.”


Just before Christmas, Langley wrote again to Octave Chanute, asking for the name of “anyone who is disposed to give the means to such an unselfish end.” But the Chicagoan replied: “I know of nobody disposed to give the means for a purely scientific experiment nor do I see what promises of financial profit, or of fame, could be made to a rich man furnishing the funds.”


Then events outside the realm of science offered Langley his opportunity.


ON FEBRUARY 15, 1898, in the midst of tense negotiations between the United States and Spain over Spanish misrule in Cuba, an explosion sank the American battleship Maine in Havana harbor, killing 260 officers and sailors. Spanish agents were widely blamed, and the ensuing inquiry went forward amid rising cries for a war against Spanish imperialism. Congress approved $50 million to prepare for it. On Saturday, March 19, Senator Redfield Proctor of Vermont, a calm and respected figure just back from an inspection tour of Cuba, confirmed newspaper reports of Spanish brutality. Few doubted that a declaration of war was near.


The following Monday morning, Secretary Langley met with Charles Doolittle Walcott for a long, private talk. Walcott had succeeded the legendary John Wesley Powell, explorer of the Grand Canyon, as director of the U.S. Geological Survey. Langley regarded Walcott as one of the most capable men of his acquaintance. Upon the death of George Brown Goode in 1896, Langley had invited Walcott to run the National Museum during the search for Goode’s successor. Walcott himself was everyone’s choice for the permanent post. He was not only a paleontologist of the first rank—he later would discover and catalogue the fossils of the Burgess Shale, the greatest fossil trove ever found—but also a shrewd and resourceful politician, well-connected and well-liked throughout Washington. “He was an athletic, breezy type of man,” a close associate said, “who would go for a brisk early morning walk in Rock Creek Park and turn up for breakfast with some influential Representative or Senator, or perhaps with the President. Without apparent guile, and with a cheerful humorous talk, he would put in just the right words to lead his host in the way of promoting some good thing he had at heart.” Langley, always anxious about his relations with the capital’s power-brokers, needed the help of such a man in the plan he was about to assay.


Some months earlier, Langley had gathered that Walcott would like to become the permanent assistant secretary. But either Langley had misunderstood his friend or Walcott had changed his mind. For in December 1897 he told Langley he must remain at the Survey, even if it meant—as it would—that he could no longer serve the museum part-time. So Langley, disappointed, would have to search for someone else. Their relationship remained warm. But Walcott may have felt a special obligation to do the secretary a favor. And he knew how.


Clearly, the war fever had raised a new possibility in Langley’s mind. That morning, after discussion of official items, Langley mentioned his “interest in constructing a man-carrying aerodrome as a possible engine of war for the Government, at least so far as to demonstrate by actual performance that it was capable of carrying a man or men for a flight of an hour or more.” Such a project could easily cost fifty thousand dollars, the secretary said, perhaps twice that.


Walcott spoke up. He could talk to McKinley, he said, and to others. Perhaps a committee could be deputized to review the prospects and make a recommendation.


Langley needed no convincing, and Walcott moved with astonishing speed. Before the week was out, he had broached the idea to two important friends—Theodore Roosevelt, assistant secretary of the Navy, and Alexander Meiklejohn, assistant secretary of War—and laid the idea before President McKinley, along with a photograph of No. 5 in flight and a copy of Langley’s article in McClure’s. The President was much pleased with these items, Walcott told Langley. The Army was for it. Roosevelt urged John D. Long, secretary of the Navy, to join in: “The machine has worked. It seems to me worthwhile for this government to try whether it will not work on a large enough scale to be of use in the event of war.”


Within a week a secret and unofficial advisory committee had been appointed—two officers from the Army, two from the Navy, and Stimson Brown, a mathematician at the U.S. Naval Observatory. On April 6, the committee spent three hours with Langley at the Smithsonian, examining No. 5 and No. 6 and listening to the secretary review his plan for scaling up to a man-carrying machine. Walcott attended, as did Bell, whose presence, Langley well knew, could not fail to awe the other guests.


Out in the open now, Langley suddenly felt it unseemly to push. He wished to be asked.


He “was by no means eager to assume so much care and responsibility,” he assured his visitors. But if his country needed him in time of war, he would undertake this important work. He could make no promise, of course, that a successful flying machine “would be at once an engine of war.” Yet he was quite confident it would become one eventually. The cost would be not less than fifty thousand dollars, to be spent entirely at his own discretion, without “the usual restrictions on appropriations.” Of course he held no financial interest in the endeavor, but sought only to serve the nation. For three hours he spoke, passed photographs, answered questions.


The committee members could hardly help but find all this persuasive—the esteemed senior scientist, dignified and confident; the otherworldly machines, their fittings gleaming under the laboratory lights; photographs to prove they really had flown; and Bell, a genuine hero of American technology, nodding his approval of this pioneering enterprise. Professor Brown, preparing the committee’s report, not only adopted Langley’s review of aeronautics but allowed the secretary to edit the document heavily before passing it along to higher authorities.


The committee readily agreed that Langley’s project gave all promise of producing a machine capable of wartime reconnaissance; of “communication between stations isolated from each other by the ordinary means of land or water communication,” and of serving as “an engine of offense with the capacity of dropping from a great height high explosives into a camp of fortification.”


The members cited Octave Chanute’s definition of a successful flying machine—that it must have wings capable of supporting it in the air, a motor and propellers to push the craft forward, and the ability to “start up under all conditions,” to “alight in safety,” and to maintain “equilibrium and dirigibility,” that is, to keep its balance and to turn in one direction or another at the operator’s command. Langley already had proved he could build sufficient wings and means of propulsion, the committee affirmed. Indeed, he intended to incorporate recent improvements in internal combustion in “a much more efficient form of engine.” If a gasoline engine failed, it would be only “a minor difficulty,” for steam “has already demonstrated its practicability on even a much larger scale,” and would suffice.


As for “alighting safely,” the group hinted at only slightly less confidence. They could attest the models had landed in the water without substantial damage. Safe landings on the ground would come when “the attainment of dirigibility and control shall have been completely secured.”


And on that question—the operator’s ability to steer the craft as he chose—the members repeated what they took to be Langley’s view. Perhaps they didn’t understand what he had said, or perhaps he had claimed more than he should have. For the committee’s report said No. 5 and No. 6 had exhibited control “within the limits possible in such a construction”—a true statement only in the sense that the unmanned models had flown in the direction in which they had been launched, at least for a few seconds. And the committee said control of the manned machine was to be enhanced “by the addition of an intelligence which can intervene, or not, as desired.” By that they meant a human pilot. Yet there was no device on the model aerodromes that a pilot could use for steering. Nor did Langley yet know how to make one. So far, the aerodrome resembled a thrown stone, moving through the air only so long as its momentum held out.


The plan was referred to the War Department’s Board of Ordnance and Fortification, a committee of Army and Navy officers established in 1888 to beef up national defense, particularly to repair coastal fortifications that had fallen apart in the years after the Civil War. In the 1890s, the board had taken on the responsibility of assessing new kinds of weapons, then all manner of inventions that might be useful in defense and war.


Langley, preparing for a make-or-break presentation to the board, worried things along, phoning Walcott for updates and seeking the lowdown on members of the BOF. After some inquiries, a National Museum staff member assured the secretary that “the gentlemen . . . are honorable, upright and courteous army officers.” But in the spring of 1898 they also were on their way to the Caribbean. So, war or no war, Langley went ahead with his usual summer tour of Europe.


LANGLEY KNEW HOW TO BUILD a telescope but not a gasoline engine, the only type he believed would be light enough for his purpose. He needed a talented full-time engineer to serve as his chief assistant. He sent a request for a recommendation to a friend, Robert Thurston of Cornell University, one of the few engineering professors in the U.S. willing to say he thought flying machines feasible. “Have you any young man who is morally trustworthy (‘a good fellow’) with some gumption and a professional training[?]” Thurston recommended a Cornell senior, Charles Matthews Manly, who was only twenty-two years old but highly promising.


Manly came from an old Virginia family. Several of his forebears had been Baptist ministers; one of them offered the benediction at the inauguration of Jefferson Davis as president of the Confederacy. Raised in South Carolina, where his father was a minister and college president, Manly as a youngster became fascinated by developments in electricity. Well trained in math and engineering, he possessed an even more valuable trait—a bottomless capacity for hard work. Langley apparently considered no other candidates, and Manly left Ithaca for Washington even before receiving his diploma.


JUST BEFORE NOON on November 9, 1898, Langley entered the ornate stone edifice of the State, War, and Navy Building, just west of the White House. Approval from the Board of Ordnance and Fortification was not the lead-pipe cinch that his meeting with the impromptu committee of the previous spring had been. The fighting with Spain had ended some weeks earlier; the urgency of war had faded. And Langley could not count on a friendly audience.


The chairman of the board was General Nelson A. Miles, commanding general of the Army. Miles had left school at an early age and was not accustomed to the company of astrophysicists. While Langley was preparing engineering drawings at a desk in Chicago, Miles had been killing Confederates at Antietam, Chancellorsville, and Cold Harbor. Since then he had led Army regulars against Cheyennes, Sioux, and Apaches; Pullman strikers in Chicago; and, just lately, Spaniards in Puerto Rico. Now, at the age of fifty-nine, he was believed to aspire to the presidency.


The general strode into the room late, skipped any pleasantries, and invited Langley to make his statement.


The secretary began by emphasizing the scientific foundation he had laid in the late eighties and early nineties, the “long and costly investigations . . . which established the fact that the opinions then held by scientific men as to the impossibility of mechanical flight were unfounded.” Next came years of toil to construct engines of “hitherto unheard of lightness,” and “when this was done, I found I had . . . but fought my way to the great difficulty—that of balancing and guiding the aerodrome in free air by automatic machinery, when there was no man on board.” Yet this, too, had been accomplished, as evidenced by the sheaf of photographs he now presented, showing No. 5 and No. 6 in flight.


Board members interrupted. How fast would a manned craft fly, and for how long?


Twenty-five to thirty miles per hour, Langley replied, with fuel enough for a flight of three hours, though “I think subsequently very much longer periods will be obtained.


“Concerning the use of the aerodrome in war, it is hardly for me, a civilian, to insist upon its utility to a board of military men. But I think I might be justified in saying that anything which, like this, would enable one party to look into the enemy’s tactics and movements . . . would tend to modify the present art of war, much as the game of whist might be modified if a player were allowed to look into his opponent’s hand.”


With an “immediate expenditure” of fifteen thousand to twenty thousand dollars for construction, including a very large houseboat to launch the craft, Langley asserted “with confidence” that “the machine will be completely built and ready for trial within a year”—that is, by the end of 1899—though “I do not desire to convey the impression that it would be able to fly when completely constructed.” Time would be needed for “balancing and adjustment, and preliminary trial—a time which cannot be exactly determined, but which . . . is always more likely to take more than can be definitely defined in anticipation.” Given this uncertainty, he said, the board should plan on spending no less than fifty thousand dollars for a perfected aerodrome. This was for materials and staff costs only, he stressed; his own time would be offered free of charge.


That afternoon, the board agreed that Langley’s project gave “promise of great military value.” To hedge their bet, the members allotted only twenty-five thousand dollars, enough to cover Langley’s early costs, with the informal understanding that a second allotment would be made after Langley gave evidence of progress.


Someone at the War Department immediately passed the story to reporters. Langley, opening The Washington Post the next day, was quietly horrified. Thinking of the hundreds of smash-ups and flubs that had preceded the successes of 1896, he wanted no reporters peering over his shoulder. He had counted on secrecy. Worse, the newspapers said General Adolphus Greely, chief of the Army Signal Corps, would direct the project, with Langley merely giving “the benefit of his devisings and advice.” That was out of the question, Langley immediately told the board, as “I could not undertake a position of responsibility without authority, or conduct the operations under any other direction than that of the Board itself.” His protest convinced the board, which assured him of “fullest discretion in the work.”


The board—indeed, the whole War Department—had its own reason for wishing it had kept its mouth shut. The Washington Post greeted the enterprise with mock excitement, as “the flying-machine has always been a favorite dream of ours. . . . We shall do our best to be at the launching. We intend to practice longevity with most industrious enthusiasm in the meanwhile. We should never forgive ourselves were we so careless as to die before the ceremony.”


Langley, confident of his purpose, was unfazed. He pressed ahead quickly with his planning. The first task was the engine; he wanted the finest available. Inquiries went to all the leading engineering firms. Most said they could not build an engine light enough yet powerful enough to meet Langley’s specifications. But Stephen Balzer, a Hungarian-born engineer who in 1894 had designed and built the first automobile in New York City, said he could create such an engine in a matter of a few months, by the spring of 1899.





Chapter Two
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“SCRAPS OF WOOD AND METAL AND ABANDONED PIECES OF FLYING TOYS”


The Wright Cycle Company, 1127 W. Third Street, Dayton


IN THEIR SEPARATE WAYS, Samuel Langley and the Wright brothers could claim to be self-made men, but there the resemblance ended. The Langleys were high-toned, well-fixed Boston Brahmins. The Wrights were midwesterners of modest means. Langley grew up among the descendants of Puritans in a world governed by rationalist churches (Congregational and Unitarian) and universities (Harvard and Yale). The Wrights, a generation later, also came from Puritan stock, but of the variety hardened by decades of life on the frontier, surrounded by Scotch-Irish and German farmers. And the family’s piety was of a much more active sort.


The father, Bishop Milton Wright, detected a clear pattern in the fabric of his ancestral family, with vivid colors of nonconformism and virtuous combat. He saw the pattern among his Puritan farmer forebears and in a grandfather who fought the British at Saratoga in 1777. His father, Dan Wright, was a devout Christian who spurned the churches around his homestead on the Indiana frontier “because those he otherwise harmonized with indorsed human bondage,” and who took low prices for his corn because he refused to sell to whiskey producers. The same pattern marked Milton’s own life. Though deeply thoughtful and learned by the standards of his place and time, he was chiefly a man who obeyed his own strict conscience, planted his banner in the enemy’s midst, and defended it with no thought of surrender. He taught his children to do the same.


As a boy in the 1840s, Milton had followed his father’s example of piety outside any church. But at nineteen, after much reading and careful deliberation, he submitted to baptism by full immersion in the Church of the United Brethren in Christ. In 1850, in a declaration that determined the preoccupations of his lifetime, he said he had been called to the ministry, and after several years of directed reading, he was ordained. For several years he courted Susan Koerner, a young Brethren woman of German descent, and they married in 1859.


The Brethren Church had been founded by German evangelicals in Maryland only a few decades earlier. It won its first great wave of converts among the early settlers of Ohio, Kentucky, and Indiana, and by Milton’s day it was known as a church of the frontier, with the frontier’s scorn of social hierarchy and ritual. By 1850 the Brethren claimed some fifty thousand members—not many by Methodist or Presbyterian standards, but young and vigorous. Soon they leaped the Rocky Mountains to establish footholds in California and Oregon. Their aim was the reign of Christ in the New World, and for that to occur, Christian reformers first must sweep away the works of Satan, the worst of which was human slavery.


As a young man in the 1850s, Milton sharpened all his intellectual weapons in the battle between the abolitionists and the “Great Slave Power” of the southern aristocrats. Good was on one side, evil on the other. Between them was a vast, weak-willed crowd susceptible to temptation and unholy compromises. These were the ones you had to watch. Among the worst villains of Milton’s early universe were clergymen who cowered from the attack on slavery for fear of losing the weekly offerings of slaveowners and their collaborators. With God’s Kingdom on the horizon, the stakes were always high. Daily life was a battle, and people deserved to be trusted only after they proved which side they were on.


Milton discarded the intellectual blinders that many pietists wore. A zealous reader since childhood, he came by most of his learning on his own, through a program of “steady, continued and systematic investigation of subjects. In this he was a rigid disciplinarian.” While reading for the ministry, he took courses and taught at Hartsville College in southern Indiana, a small Brethren school that attracted more elementary and secondary youngsters than college students. He never took a degree. Though he became a self-taught theologian and biblical scholar, he liked science and read widely about other faiths. His father apparently had had the same blend of pietism and openmindedness, or so Milton told an early biographer, who said Dan Wright, though “a man of strong convictions,” had been “very tolerant of the opinions of others, and very ready to recognize all that was good in any person, religious denomination or political party.”


Still, “all that was good” constituted a pretty narrow range, in Milton’s view. After the Civil War, as he began his ministry as a circuit-riding preacher—first in Indiana, then as a missionary in Oregon, then back in the Middle West—he narrowed his sights on the evil that would be his special target for most of his career.


For Wright and other evangelical reformers, the volatile fuel of antislavery was easily siphoned into the movement against Freemasonry and its imitators—“the dark-visaged sister of the now defunct institution of slavery.” In our own time, when the men’s fraternal lodges have lost much of their clout, it is hard to understand the power they wielded and the fears they inspired in nineteenth-century America. Touring the nation, Alexis de Tocqueville was startled by the “immense assemblage” of Freemasons, Odd Fellows, Red Men, and a hundred others. To members, especially among the growing middle classes of America’s cities, the lodges were places of good fellowship, charity, and social uplift. But to Milton Wright and many like-minded Protestants, they were ominous rivals of Christianity itself, elevating vague notions of brotherhood above the need for grace and salvation. The worst, in the opponents’ minds, were the Freemasons, the largest lodge and so the most dangerous. Their elaborate rituals mimicked the church’s, but were “Christless.” An odor of Old World aristocracy wafted from the lodges, of exclusionary social circles, of “ins” versus “outs,” of hidden favors and preferences among the initiated and a raw deal for those left out. This was anathema to men who cherished the anti-elite tradition of the American Revolution—despite the fact that Washington, Franklin, and other prominent patriots had been devoted Freemasons. Worst of all about the secret societies was their secrecy itself, which the opponents found intrinsically unchristian and antidemocratic and which, by its very nature, inflamed their imaginations about the danger. A strict ban on membership in any secret society was part of the 1841 Brethren constitution.


Yet after the Civil War, even among the Brethren, the fervor of the antisecrecy, antimasonic movement began to lose its edge. The lodges had spruced up their images and were growing enormously, with millions of members, including many respectable churchgoers in every city and town. To some younger leaders of the United Brethren Church, the issue seemed tired. They disapproved of “lodgery,” too, but not so vehemently as their elders, and they feared the issue was hurting the church’s efforts to recruit and hold members. In 1869, these young reformers—known within the church as the “Liberals”—proposed a softening of the Church’s antisecrecy stand. An antisecrecy majority of conservative “Radicals” prevailed. They wanted no part of a “creed on wheels,” rolling with the whims of change, and they feared the Liberals as a rising force that might one day dismantle not just their antisecrecy clause but all the traditional tenets of the church. To help hold them in check, the Radical majority installed their stalwart young spokesman, Milton Wright, as editor of the Brethren newspaper, The Religious Telescope. Its offices were in Dayton, Ohio, where Wright moved with his young family in 1869.


His five children—Reuchlin, born in 1861; Lorin, in 1862; Wilbur, in 1867; Orville, in 1871; and Katharine, in 1874—grew up in the shadow of their father’s struggle within the church. It went on for nearly forty years.


IN THE EARLY 1890s, Wilbur Wright, then in his early twenties, gave a little talk to a neighborhood gathering. He spoke well, and occasionally entertained friends this way. His younger brother Orville’s best friend, Eddie Sines, missed the talk. So the next day Eddie asked Will to tell him the gist of it. It was the time when phonograph recordings were the new craze, and Will replied: “I can let you hear it on the phonograph.”


He disappeared into the next room. As Eddie and Orville listened, the sound of a fuzzy phonograph recording began, complete with scratches, hisses, cheers, laughter, applause, and Will’s speech, every word of it just short of intelligible. But there was no phonograph. Will faked all the sounds himself.


He was that kind of kid, and that kind of young man—clever, quirky, a little odd, and more likely to think up his own amusements than to follow the crowd. His bow to convention was to be a fine athlete. Among other sports he excelled in gymnastic events, including the horizontal bar. He was an excellent figure skater. And he was a good student.


He went to high school in Richmond, Indiana, where his father was based for several years. In 1884, just short of graduating, he moved back to Dayton with his family. There, for a time, he ran with his older brothers and their crowd in a club called Ten Dayton Boys. When Reuchlin and Lorin left home for college, then jobs and marriage, Will was left as the lone big brother to Orville, who was four years younger, and Katharine, called Katie or Kate, who was seven years younger.


Reuchlin and Lorin went to Hartsville College, the same Brethren school their parents had attended. But Milton and Susan had larger ambitions for Wilbur: They made plans for him to enroll at Yale. In Dayton, he took extra classes in trigonometry and Greek, apparently to enhance his skills for college. His parents hoped he would enter the ministry.


But an accident intruded. In winter, Will often played a game called shinny, a version of ice hockey, on a frozen pond at the Soldiers’ Home, a veterans’ retreat on the western outskirts of Dayton. During a game in 1886, when Will was nearly nineteen, another player let his stick fly out of his hands. It struck Will in the face hard enough to knock out several teeth. Some weeks later, he became ill with a condition his father described as “nervous palpitations of the heart”—an imprecise term that leaves the facts unclear. He may have suffered from digestive problems, too. Perhaps the deterioration of his health was related to the facial injury, or perhaps there was some other cause.


Something in that series of events drew a line across Will’s life. He stopped playing sports. He enrolled in no more college preparatory classes. His father, in a New Year’s Eve diary entry at the end of 1886, the year of the injury, recorded that “Wilbur’s health was restored.” But that seems not to have been true, for Will abandoned his college plans and for several years suffered from some chronic health problem whose nature never was made clear. It apparently made him fear that he would not live for long. Several years later, he reconsidered college, but concluded that any time and money spent on it “might be time and money wasted.” If those words mean what they seem to mean, Will spent most of his twenties, the age when most people find their place in life, not at all sure he would live to see his thirties.


WILL BECAME THE SECOND invalid in the Wright home. Three years before his injury, Susan Wright had contracted tuberculosis. She was what her husband called “a declining, not a suffering invalid.” Soon she could barely walk across her sitting room without having to pause to catch her breath. Milton’s work took him away for much of the year. Reuchlin and Lorin were grown and gone. Orville and Kate were still kids in school. That left Will. So for several years he was his mother’s principal caregiver, carrying her up and down the stairs and doing most of the household work. His features resembled hers, and though not much is known about her, it appears that he was like her in personality, too. She was very bright. She had gone to college, a rarity for women of her generation. She was good at math. Her imagination and her hands worked well together; she had a talent for “adapting household tools or utensils to unexpected uses.” Her few surviving letters suggest a chilly sense of humor and an evangelical Christian’s wary view of the world beyond her front gate.


Milton said later that Will cared for his mother “with a faithfulness and tenderness that cannot but shed happiness on him in life, and comfort him in his last moments. Such devotion of a son has been rarely equaled. And the mother and son were fully able to appreciate each other. Her life was probably lengthened, at least two years, by his skill and assiduity.”


To brother Lorin in Kansas, who heard about the family only through occasional letters, it seemed as if the athletic, ambitious Will had dwindled into a housebound idler. “What does Will do?” he asked Kate. “He ought to be doing something. Is he still cook and chambermaid?”


In fact, despite his vague infirmity, Will was busy. Besides caring for his mother, he helped his father with church business. He also embarked on a remarkable project of self-education. Without leaving 7 Hawthorn, he could choose from bookshelves crammed with the classics of ancient Rome and Greece, modern novels, histories of England and France, treatises on mathematics and biology, and sets of Chambers’ Cyclopedia and the Encyclopedia Britannica. A favorite was Plutarch’s Lives. He likely read Boswell’s Life of Johnson and Gibbon’s Decline and Fall of the Roman Empire. His reading “perhaps nearly equaled the advantages of a classical education,” his father wrote later. “His knowledge of ancient and modern history, of current events and literature, of ethics and science was only limited by the capacity of his mind and his extraordinary memory.”


Traveling in Europe twenty years later, Will might see the name of a village, then recount precise details of a battle fought there in Napoleon’s time, solely on the basis of a book he had read in his youth. Many associates later said they were “impressed not only by the range of his reading, but by the fact that no knowledge he had once acquired ever seemed to grow dim.” Clearly, a remarkable intelligence was nourished during Will’s years of retreat. But he was less like a student in the free-for-all of the seminar room than some solitary young man preparing to take religious orders. He honed his intellect in argument, but only within the cloisters of home and church, and largely, it appears, with his younger brother.


No one can draw a psychological profile on such slim evidence as we have from Wilbur Wright’s youth, especially at a distance of more than a century and through the lens of a different time. Still, a few strokes on a sketch pad are possible. He was close to both his parents. Yet with Milton often away and Susan in need of daily care, it is clear that he formed an especially intimate bond with his mother. Indeed, just at the transition from boyhood to manhood, circumstances conspired to make him nurse to his mother, manager of his household, and overseer of his younger brother and sister. All these tasks were identified, of course, with the role of the Victorian mother—that is, with the position of responsibility for the day-to-day welfare of one’s family. With his father, too, he was called upon to be more the helper than the one who is helped. Both parents relied on him—Susan for care, Milton for counsel and aid. Given these demanding roles, it is at least not surprising that this boy had more than the usual difficulty in pulling away from his family and launching himself. His own physical frailty, whatever the cause, would have compounded the tendency to stay stalled at home. And a stall of several years, while less able friends ventured out and began to find success, may only have compounded his ambition to do something remarkable. Even if one can only guess at his motives, it is at least certain that the circumstances of this period of his life—his injury and subsequent retreat from a conventional education and career; his mother’s illness; his bachelorhood; his self-education—formed a context for the single-minded pursuit of an extraordinary goal.


AFTER EIGHT YEARS as editor of the Religious Telescope, Milton Wright had been elected one of five bishops of the United Brethren Church. Four years later, with his enemies, the Liberals, in the ascendency, he lost his bid for reelection and resumed his old life as an itinerant preacher in eastern Indiana, though he continued to lead the Radicals with a stream of pamphlets and editorials aimed at the Liberals. Yet at the churchwide General Conference in 1885, the Liberals won the stunning victory that Wright and his allies had feared. They named a Church Commission that would rewrite the Brethren’s “Old Constitution” of 1842 and the even older creed of 1815.


The Liberals’ political master stroke was to reelect their chief adversary, Milton Wright, as bishop—but to appoint him as overseer of the Church’s West Coast district, where he would be safely out of their business for the better part of each year.


Schism loomed. Wright and his Radicals argued that the Church Commission was an illegal body, that only the General Conference could rewrite the Church’s foundational documents. To Milton it was right against rascality. The righteous held to immutable principles and assumed that anyone holding otherwise was a scoundrel and self-seeker. The commission rewrote the documents anyway. Put to a vote of the general membership, now numbering more than two hundred thousand, the revisions were approved by a two-thirds majority. But three-quarters of the Church’s members chose to boycott the vote, apparently in tacit approval of Milton Wright. Nonetheless, most delegates to the General Conference of 1889, even most of the Radicals, were by now desperate to make peace and voted to accept the changes.


One bishop dissented—Milton Wright. He and his allies walked out and reorganized as the Church of the United Brethren in Christ (Old Constitution). Ten thousand to fifteen thousand Brethren joined them. Wright and three others were chosen as bishops.


Six weeks later, Susan Wright died at the age of 58.


AT TWENTY-TWO, Wilbur Wright—without an advanced education or job experience—became Milton’s chief lieutenant as the older man went about the arduous job of building a new sect from the remnant of the old. While Samuel Langley pondered the results of his toy experiments and whirling-table data, Wilbur helped to manage his father’s business affairs and became a key strategist in the Brethren Radicals’ court battles over disputed Church property and real estate, especially the largest asset, the publishing operation in Dayton. Will’s performance as an advocate was striking. He argued with a mastery of facts, logic, and wit that veteran lawyers would later envy. His writing had the edge of a razor. And he loved to fight, as his notes to the family show. “They try to smile,” he gloated after one especially good thrust at the Liberals, “but it evidently hurts.”


Will came of age in the Brethren’s internal war. The battle against the secret societies and the Liberals strengthened his tendency, well-learned at 7 Hawthorn, to detect wrongdoing at the drop of a hat, and to keep a wary eye on privileged sharpsters operating behind closed doors. As he moved into realms far beyond sectarian politics, the habits of thought he learned under his father remained strong.


But father and son were different, too. Milton was naturally combative, but to him, the struggle with the Liberals was at bottom a matter of faith. To Will it seems to have been chiefly a matter of family duty and even of sport. The bishop’s diaries and letters are full of references to Scripture. Affairs of the spirit were at the center of his life. Will’s surviving letters contain no such references—none. For him it was right versus wrong, but also and essentially “us” versus “them.” If he had ever looked toward a life in the ministry—his parents’ hope for him—he now turned away. It’s not clear that he even attended services regularly in his twenties, and in his thirties it’s clear he did not do so. The bitterness of church politics had shadowed his entire childhood. That may be why he could not find a home among the Brethren or in any other church. He fought in the Brethren’s battles with heart and mind. For fifteen years after the schism, he would leap back into the fray whenever Milton needed him. But this was his father’s life work, not his.


WHEN HE WAS SEVENTEEN, Orville Wright built a printing press out of a pile of scrap parts that included a folding buggy top, a discarded tombstone, and a pile of firewood. In a few weeks he had it printing a thousand sheets an hour. A pressman from a big Chicago printing house heard about the machine and dropped in to see it. He looked at it from the top and the sides, then crawled underneath. Finally he said: “Well, it works, but I certainly don’t see how.”


Nothing could have pleased Orville more. He had fallen in love with the complex technology of printing some years earlier, when his father, as chief of the Brethren’s publishing arm, brought his sons to work. It was a big operation, filling a four-story building in downtown Dayton, where the Brethren published four newspapers plus hymnals, books, tracts, and stationery, all in a hubbub of fast-handed typesetters and clattering presses. The Wright boys had spent a good deal of time around their maternal grandfather, a carriage-maker who apparently acquainted them with tools and the fundamentals of wood-working. In the publishing house they learned about machines. Orville spent two summers as a printing apprentice, then dropped out of high school before his senior year to launch his own printing business. Soon he started a small weekly newspaper, The West Side News, and inveigled his brother Wilbur to serve as editor. A few months later they shut down the News and replaced it with a more ambitious daily product, The Evening Item. Up against a dozen daily competitors in the Dayton market, the Item folded in less than four months. The brothers fell back on printing jobs for merchants in the neighborhood, which gave them a modest but steady livelihood.


Orville had chosen this work. Wilbur had not chosen anything else.


FOUNDED IN 1805 as a center of trade where three creeks joined the Miami River, Dayton had become a city that made things, a “city of a thousand factories,” its streets teeming with carriage-makers and wood-benders, machinists and carpenters, engravers and glass-makers, artisans and engineers. They made harrows, stoves, and steam pumps; varnish and motors and medicine; and especially cash registers, the city’s leading export. Talk in the shops and the streets led to new ideas: By 1900 Dayton had filed more patents per capita than any other city in the United States. Its sixty thousand people knew machines. They were perhaps especially susceptible to the charms of the bicycle.


The big-wheeled “ordinary” had been around for only a dozen years when it was swept aside by the multiple innovations that composed the “safety”: wheels of identical size, close to the ground; a sturdy diamond frame; an endless chain running over pedal-driven sprockets; the pneumatic tire, which ended the machine’s deserved reputation as a “boneshaker”; and the reliable coaster brake. That basic design has persisted ever since, but for the addition of handbrakes and the modification of gearing after World War II. For several years after its introduction in 1888, the “safety” cost too much for most Americans. But keen competition brought prices down, and by 1895, hundreds of thousands were being sold each year, despite the onset of a depression.


The automobile followed so closely, and so far surpassed the bicycle in importance, that the bicycle’s own heyday has been all but forgotten. But it was a great craze, with millions of people buying, riding, and extolling the virtues of bicycles. The easy pleasure of the two-wheeled cruise—so different from riding a horse, not to mention so much cleaner—was like a narcotic. Bicycle academies flourished. “Wheeleries” were established to rent bicycles to those who couldn’t afford to buy. Bicycle accessories became as big a business as bicycles themselves. Hundreds of exhibitors crowded the halls of cycle shows in the biggest cities, and manufacturers sent racing teams around the country to stir the excitement. “It would not be at all strange,” the Detroit Tribune remarked, “if history came to the conclusion that the perfection of the bicycle was the greatest incident in the nineteenth century.”


In the Wright family, Orville was infected first, in the summer of 1892, when he bought a fine new Columbia for $160, a very substantial sum at a time when relatively few workers earned more than $500 per year. He soon entered races and did well. Will bought his own model—used, for $80—several weeks later. Still careful of his health, Will chose not to race, but he did take long rides around town and into the countryside. That fall, without giving up the printing business, the two brothers began to sell and repair bicycles. The business did well enough for them to hand off most of the printing to Orville’s friend, Ed Sines, and their brother Lorin, who had returned to Dayton, married his childhood sweetheart, and begun a family. They rented a small storefront in West Dayton, the first of a series they occupied, and worked at their newfound trade.
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