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To Bill Cook




AUTHOR’S NOTE

A writer contemplating a subject as full of dramatic action, flamboyant personalities, hallowed institutions, and brilliant inventions as this one faces a temptation he must bravely resist. My aim from the start was to tell the story of air power—  of the revolutionary transformations that the airplane has brought to the conduct, consequences, and meaning of war in the hundred years since its invention. It is a story that brings together some of the greatest events and greatest minds of that century, and one of the fascinations in researching this subject has been tracing the intriguing and often unexpected interactions among personalities, institutions, and technology that conspired to foment this revolution in the way wars are fought and won, and indeed in the way we have come to think about war itself.

But telling the story of air power is not the same as offering up a complete history of aerial combat or a definitive account of the men, the institutions, or the machines that have waged war in the air. As I soon discovered, the only way I could stick to my chosen path was if I was prepared to be quite ruthless. There is, accordingly, much that is justifiably famous in the history of military aviation that I simply had to abandon by the wayside if I was to have a prayer of getting where I was going.

To those who would condemn me for failing to mention this famous airplane or that decisive battle, this legendary squadron or that heroic flyer, I plead completely guilty, and only hope that I may seek mitigation on the grounds that my intent has been to follow my tale where it led me and not (as so much military history so often does) to provide an exhaustive cataloging of all who undoubtedly deserve credit. I would also appeal to the wisdom of the French saying that Winston Churchill always said was his favorite: “L’art d’être ennuyeux, c’est de tout dire”—“The art of being boring is to tell all.”

I am deeply indebted to the great scholars of air power and aviation history without whose works I could never have found my bearings in this vast field. Many were also extraordinarily generous in their personal assistance to me: answering questions, suggesting sources, and offering much-appreciated critiques of portions of this work. I would like to thank in particular James S. Corum, professor of comparative military studies at the School of Advanced Air and Space Studies, Maxwell Air Force Base; Richard P. Hallion, the former United States Air Force Historian; Herman Wolk, Roger Miller, and Wayne Thompson of the U.S. Air Force History Support Office; and John D. Anderson, Jr., professor of aerospace engineering at the University of Maryland. If I have managed to get above the trees and see the forest at all, it is because of the trails these and many other scholars of air power and aeronautical history have blazed to the vistas.

In recounting specific incidents and details that illustrate and substantiate this story, I have, whenever possible, tried to consult original sources, including memoirs and personal letters; official publications, reports, and memoranda; and contemporaneous views as expressed in newspapers, films, and other popular media. I am grateful to the archivists and staffs of the United Kingdom Public Record Office, the Library of Congress Manuscript Division, the U.S. National Archives and Records Administration, the Imperial War Museum, the Royal Air Force Museum, the German Bundesarchiv-Militärarchiv, and the U.S. Air Force History Support Office for their kind assistance.

My sincere thanks also go to Ralph Erskine, whose broad knowledge of military and naval history, not to mention his exceptional critical eye, generosity, and sound judgment, has made me just one of the many writers who are in his debt; Bill Cook, for valuable discussions and advice; Will O’Neil, Chief Scientist, Center for Naval Analyses, for valuable suggestions and for providing many copies of articles from his remarkable personal aviation library; Jean Roberts, for sharing original research and copies of documents on the life of S. F. Cody; David Mets and Sy Deitchman, for insights into the history of precision guided weapons; Ephraim Asculai, for helpful comments on early drafts; Maj. John Beaulieu, Office of the U.S. Air Force Historian, for kind assistance on many fronts; Yvonne Kinkaid, U.S. Air Force History Support Office, for helping me obtain copies of documents and answers to questions; Joseph Chambers and Bruce Holmes of NASA Langley Research Center and James Fallows of The Atlantic Monthly, for explaining principles of aerodynamics and flight; and Maj. Gen. Charles Metcalf, Ret., and Ron Hunt of the U.S. Air Force Museum, for allowing me an inside look at aircraft in the museum’s collections. I also would like to give my special thanks to Peter and Celia David, whose kind hospitality made my research trips to London so pleasant and memorable.

I thank James Corum for lending the photographs from his extensive collection that appear here. The aircraft profile drawings were done by graphic artist Dave Merrill.




PART ONE

KITTY HAWK TO SAINT-MIHIEL, 1900-1918




1

VISIONS

It was an age of miracles.

The year 1900 began with an excited rush of newspaper articles, sermons, and speeches marveling over the transformations that had taken place in the century just past. “The nineteenth century,” editorialized the New York Times, “has been marked by greater progress in all that pertains to the material well-being and enlightenment of mankind than all the previous history of the race.” In “every department of science and intellectual activity,” agreed the Washington Post, “we have gone beyond the wildest dreams of 1800.”

People were not merely living in a miraculous age; they were keenly aware of living in a miraculous age, one in which there seemed no limit to what human ingenuity might do. Inventions were not merely providing new material comforts and easing burdens; they were breaking down the very certainties of centuries.

Change had come at a mind-spinning pace. The historian Mark Sullivan, born in 1874, wrote that as a boy he had carried a lantern “of a model as old, at least, as Shakespeare, a cylinder of tin with little jagged holes punched through it.” Candles and candle molds were common household articles. Half of Americans still were farmers, and they still used tools that a farmer from a thousand years before would have had no trouble recognizing. Grain was mowed with handheld scythes and threshed on a barn floor using a flail made of two sticks joined together with a leather thong. As late as the 1880s, Sullivan recalled, a farmer who wanted a barn went out to the woods with an axe, chopped down oaks, trimmed them, and got his neighbors together for a barn raising. The blacksmith’s shop and the gristmill were still fixtures of every rural hamlet, plying trades unaltered in their essentials since the Middle Ages.

The typical American or European of the mid-nineteenth century lived in a world that was not just medieval in its material and tangible dimensions; it was medieval in its cadences and habits of mind. The rhythms of life were set by the sun’s rise and fall and the procession of the seasons. Men, and news, and knowledge, traveled at the speed a man or a horse could walk in a day—perhaps twenty-five miles, on a good day, on a good road, in good weather. Henry Adams, the historian and educator who struggled in his autobiography to fathom the world turned upside down that he now lived in, did not exaggerate when he observed that the “American boy of 1854 stood nearer the year 1, than the year 1900” in the education he was given.

In 1900 Henry Adams would stand in the Gallery of Machines at the Great Exposition in Paris and feel “his historical neck broken” as he contemplated the almost silently whirring dynamos that lit the fair’s buildings and grounds. “He began to feel the forty-foot dynamos as a moral force, much as the early Christians felt the Cross,” Adams wryly observed, his distant third-person voice perfectly echoing the disconnectedness from all things certain and familiar that the new century had ushered in. “The planet itself,” he wrote, “seemed less impressive, in its old-fashioned, deliberate, annual or daily revolution, than this huge wheel, revolving within arm’s length at some vertiginous speed.” Even history, the laying out of an orderly sequence of events linked by cause and effect, history as Adams had practiced it as a professor at Harvard, had been stood on its head by this “sudden irruption of forces totally new.” The year 1900, he conceded, “was not the first to upset schoolmasters. Copernicus and Galileo had broken many professorial necks about 1600; Columbus had stood the world on its head towards 1500; but the nearest approach to the revolution of 1900 was that of 310, when Constantine set up the Cross.”

Modern social historians look back on the Victorians and belittle their naïve awe of science, technology, and progress, but Adams was no naïf, and what he expressed was what millions felt, and felt with perfect justice. Theirs was a world where the familiar bearings were simply gone, where religious belief, social conventions, even consciousness itself were being refashioned by the onrush of science; where even popes and kings might tremble before the impersonal forces of steam, steel, and electricity; where “everything was flexible, everything was possible,” in the words of the historian Howard Mumford Jones. Inventions had annihilated distance and time. By 1900 there were a million and a half telephones in the United States; it was possible for a man in New York City to sit at a desk and carry on a conversation with a man in Omaha, 1,250 miles away, a feat that only a few decades earlier would have meant a journey of weeks. The network of railroad track had quadrupled since the Civil War, to 193,000 miles; a train now arrived and departed Chicago every four minutes. The railroads had freed travel from the weather, linked small towns with great cities, standardized time across the vast reaches of the continent. Every city and town used to keep its own local hours, resetting the clocks to 12:00 as the sun reached its zenith at noon each day; now even the smallest town was part of a rhythm and consciousness that pulsed to the tempo of the railroad and the metropolis. Electric lines and gas pipes tied individual houses to huge networks, pulling them out of their self-sufficient isolation into an unseen world beyond.

Distance and time were being annihilated by the way news now traveled, too. The decades after the Civil War had brought the Linotype machine and a new process for making white paper from cheap chemically digested wood pulp instead of expensive linen fibers, and daily newspapers sprang up everywhere. By 1900 there were 2,226 metropolitan dailies in the United States, many producing multiple editions each day as their high-speed rotary presses churned out the latest news, telegraphed from across the nation and around the world. The problems of even the most distant reaches of the world were now on people’s minds and lips. In 1900 American farmers sent five thousand tons of wheat to help relieve a famine in India.

Invention was sweeping aside conventions and social distinctions as old as civilization itself. Where Marx failed, chemists and electrical engineers triumphed. The San Francisco Examiner observed that “in the span of a single life, the humblest artisan enjoys what kings could not purchase with their treasures a century ago.” Costs of once unimaginable luxuries and conveniences plummeted. In 1900 Kodak introduced the Brownie camera; the camera cost one dollar and a roll of film that took six pictures cost ten cents, and suddenly everyone was a photographer; the stiff formal portraits of professional photographers were replaced in family albums with backyard scenes and youngsters mugging for the camera. Electric streetcars became so efficient they dropped their fares from a dime to a nickel. By 1901 there were 76,945 post offices in the United States, an all-time peak, and the recently introduced Rural Free Delivery system let loose a flood of mail-order retailing that freed customers from the tyranny of local merchants. The cornucopian fruits of the entire industrial and commercial energy of the nation were now directly available to farmers and housewives; everything from a suit to a book to a collie dog to a kitchen stove could be bought without leaving one’s home.

Even death itself was unclenching the hold with which it had so untiringly and capriciously embraced humanity. As late as the 1870s people generally saw a doctor as a last resort, and with good reason, for the cure was often literally worse than the disease, and it usually wasn’t much of a cure, either. By 1900 advances in microbiology and pathology were turning medicine, and public health in particular, into a science, and the results were nothing short of the miraculous. Pasteurization of milk, chlorination of water, and the drainage of swamps were eliminating diseases that had crippled and killed generations: brucellosis, yellow fever, malaria, typhoid, cholera.

And none of this happened without its being measured, and noted, and mar veled over. It was the Age of Confidence, the Age of Optimism, the Age of Energy, the Age of Progress, but most of all it was the Age of Self-Consciousness, for people were filled with a palpable sense of living in a time of great consequence.

The transformations wrought by invention were nowhere more self-consciously on display than in the international expositions that Henry Adams  and millions of others flocked to. Between 1876 and 1910 the United States staged a dozen of these pageants to progress; in all they drew a staggering one hundred million visitors. For the World’s Columbian Exposition that opened in Chicago in 1893, the building of the fairground itself became an epitome of the limitless mutability of this amazing new world. On a boggy stretch of Chicago lakefront a million cubic yards of topsoil was shifted in three months, a million willows and ferns and other trees and shrubs trucked in and planted. Freight trains on newly laid track hauled in twenty thousand tons of iron and steel and seventy million board feet of lumber, and a shimmering white fantasy city of castles, temples, domes, Corinthian columns, and colossal sculptures arose on what had been a swamp just a few months before. The artist W. Hamilton Gibson hailed Chicago’s “White City” as a “New Jerusalem,” and he actually meant it.

The largest crowds were always to be found at the Electricity Building, a palace of forty thousand panes of glass whose centerpiece was a shaft seventy-eight feet high, covered with thousands of electric lights. The fair’s organizers turned down a proposed plan to buy the Colosseum in Rome, dismantle it, ship it across the Atlantic, and reconstruct it “stone by stone” in Chicago, but the scheme would not actually have been out of keeping with the spirit the exposition sought to capture. Anything was possible.

The turn of the century brought not only an outpouring of reflections on how far mankind had come but also an irrepressible urge to project where it would go next. Newspapers sought out eminent persons to visualize the world a hundred years hence; the results, as Mark Sullivan recalled, “were usually grandiose.” Some prognosticators, to be sure, seemed more concerned about the domestic and familial comforts that new inventions would bring; Ladies’ Home Journal  foresaw business travelers being able to phone their wives from aboard ship while crossing the Atlantic, while others were content to predict home ice-making machines (“everybody his own iceman”).

Most, however, dwelt not upon the mundane material facts of new inventions that were likely to come, but on how these new machines would continue to transform life and society. In the view of most of these experts, there was almost nothing in the future that would not be touched by the tidal force of technological progress that the last century had unleashed. The Reverend Newell Dwight Hillis, a well-known clergyman and writer, looked into this crystal ball of progress and saw an all-encompassing vision of the world to come: “Laws are becoming more just, rulers humane; music is becoming sweeter and books wiser; homes are happier, and the individual heart becoming at once more just and more gentle.”

 

 

If inventions could have great consequences, they could also have terrible consequences. In 1901, two years before the Wright brothers flew at Kitty Hawk,  H. G. Wells contributed a remarkable series of five articles to the North American Review. “Anticipations: An Experiment in Prophesy” was the title.

Among Wells’s predictions was the perfection of the airplane, not in itself a terribly surprising prognostication from someone in 1901 setting out to be a prophet. But what Wells had to say next was rather more striking. “Directly that is accomplished,” he wrote, “the new invention will be most assuredly applied to war.”

Wars of the future, Wells continued, would be marked by a decisive struggle for the command of the air, and the bombs that would then rain down from aircraft would leave no spot on earth safe:The victor in that aerial struggle will tower with pitilessly watchful eyes over his adversary, will concentrate his guns and all his strength unobserved, will mark all his adversary’s roads and communications and sweep them with sudden, incredible disasters of shot and shell. The moral effect of this predominance will be enormous. All over the losing country, not simply at his frontier, but everywhere, the victor will soar. Everybody, everywhere will be perpetually and constantly   looking up, with a sense of loss and insecurity, with a vague distress of painful anticipations.
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An aerial battle in the world of the future, as depicted by the French cartoonist Albert Robida in his satirical La guerre au vingtième siècle, published in 1887.





Wells’s apocalyptic prophecies would become much more widely known a few years later when he published a popular novel that elaborated this vision in vivid detail. The War in the Air opens on a world of the not too distant future. The English Channel has been spanned by a 150-foot-high bridge, monorails and gyroscopically stabilized two-wheeled cars whisk people about their daily business, shops are filled with produce from all over the world, and rumors are buzzing that the armies of the world’s great nations are conducting secret experiments with flying machines.

When war breaks out between Germany and America, a fleet of German airships suddenly appears over New York City, and this world of wonders becomes a world of death. “She was the first of the great cities of the Scientific Age to suffer by the enormous powers and gross limitations of aerial warfare,” explains Wells’s narrator. “She was wrecked as in the previous century endless barbaric cities had been bombarded, because she was at once too strong to be occupied and too undisciplined and proud to surrender in order to escape destruction.” As the line of German airships cruises the length of Broadway methodically dropping explosives, buildings and bridges collapse, and soon all of Manhattan is engulfed in a sea of crimson flames, “one of the most cold-blooded slaughters in the world’s history, in which men who were neither excited nor, except for the remotest chance of a bullet, in any danger, poured death and destruction upon homes and crowds below.”

The last chapter of the story takes places thirty years after the war. A young boy and his uncle are walking through the deserted ruins of London, where a few refugees and their derelict cows and pigs now wander the abandoned high streets.

“But why did they start the War?” the boy asks.

“They couldn’t stop theirselves,” his uncle replies. “’Aving them airships made ’em.”

Wells was no pacifist. Shortly after The War in the Air appeared, he lent his name to an influential body of British notables who were pressing the government to recognize “the vital importance to the British Empire of aerial supremacy, upon which . . . its very existence must largely depend.” Wells meant his tale to be a warning of a grim reality that must be realistically faced. As he explained much later in his autobiography:[even] before any practical flying had occurred, I reasoned that air warfare, by making warfare three dimensional, would abolish the war front and with that the possibility of distinguishing between civilian and combatant or of bringing a war to a conclusive end. This I argued, must not only intensify but must alter the ordinary man’s  attitude to warfare. He can no longer regard it as we did the Boer War for example as a vivid spectacle in which his participation is that of a paying spectator at a cricket or base-ball match.




Wells wrote his science fiction with a serious purpose, and to a considerable extent that was how his readers took it. The lessons that Wells hoped to drive home in The War in the Air were in fact not far removed from the serious arguments about war and its nature then taking place in both the popular press and professional military journals. Since about 1895, all of the major mass-circulation periodicals in America—The Atlantic Monthly, Harper’s, Century, Scribner’s, The Saturday Evening Post—had been running a steady stream of articles discussing the future of war. War was the great popular intellectual issue of the day, much as religion and slavery had been a half century before. While some writers argued hopefully that civilization was moving beyond warfare as a means of settling disputes, a growing theme of many was that the twin forces of science and nationalism would make a modern conflict between industrialized powers far more destructive, and total, than anything the world had seen before. In 1901 Winston S. Churchill, then a twenty-six-year-old Member of Parliament, warned the House of Commons that the “small armies of professional soldiers” who fought decorous set-piece battles were a thing of the past; in the future, when “mighty populations are impelled on each other,” winner and loser alike would suffer disaster when nations resorted to war. “The wars of peoples,” he declared, “will be more terrible than those of kings.”

Churchill would make the same point even more emphatically three decades later in an autobiographical account of his early days as a cavalry officer. (Among other extraordinary adventures, he took part in the last great cavalry charge in the British Army’s history, the Battle of Omdurman in 1898.) “War, which used to be cruel and magnificent,” Churchill wrote, “has now become cruel and squalid. . . . Instead of a small number of well-trained professionals championing their country’s cause with ancient weapons and a beautiful intricacy of manoeuvre, sustained at every moment by the applause of their nation, we now have entire populations, including even women and children, pitted against one another in brutish mutual extermination.”

There had been hints of what was to come in the industrialized slaughter of the American Civil War and the Franco-Prussian War of 1870-1871. European generals of the old school had at first haughtily denied that there were any lessons professional military men could learn from the American Civil War battles (“a contest in which huge armed rabbles chased each other around a vast wilderness,” Helmuth von Moltke sniffed). But the three decades of relative peace had left a growing void of uncertainty over what would happen if “civilized” nations once again took up arms against one another, and that uncertainty was increasingly filled with foreboding.

Many writers now called attention to the series of innovations in the science  of weaponry that had taken place in the 1880s and 1890s: smokeless powder, repeating rifles, long-range artillery, high-explosive shells. Even those who adamantly defended war as a necessity or indeed as an ennobling force for the cultivation of manly virtues and the advancement of civilization—as a surprisingly large number of great men still did—drew the future of warfare in generally apocalyptic terms. To “realists” like Hiram Maxim, whose contribution to the march of progress had been the invention of the machine gun, the apocalyptic face of a war in which “every science” had been pressed into its service was ultimately to the good. By making war “appalling to contemplate it makes nations pause,” he explained. “It has led men who are good students of human nature to assert that the best way to preserve peace is to make war as terrible as possible—terrible in its toll of blood and money, terrible in its widespread ravages, and terrible in its uncertainty.” Others argued that even if the prospect of appalling slaughter did not prevent war from breaking out, a fierce and terribly fought war would save lives in the long run, as it would inevitably be over far quicker than a war fought with less effective means.

A more chilling, and accurate, prediction of what this terrible new destructiveness on the battlefield would mean came from Ivan S. Bliokh, a Polish Jewish banker and railroad financier who wrote under the name of Jean de Bloch. After making his fortune, de Bloch spent fourteen years studying and thinking about the nature of war in the modern world, and in 1898 he published in Russian a six-volume treatise, The Future of War in Its Technical, Economic, and Political Relations. The next year an English translation appeared in both Britain and the United States, and his work quickly became widely known and much discussed. Military professionals still rank it among the greatest theoretical treatises of military strategy of the nineteenth century, certainly the greatest to be penned by an amateur. De Bloch argued that the increased firepower, rapidity, and range of artillery and the machine gun, coupled with the inherent lack of maneuverability of ever-larger armies, meant that the advantage in warfare had decisively shifted to the defensive. Stalemate on the battlefield was inevitable. Nations that went to war would be locked in a suicidal test of wills that would pit not just their armies but their entire reserves of industrial and economic power, and of civilian morale, against one another. When Wells and other futurists spun their visions of total war from the air, they were speaking to an already familiar idea: that scientific progress had become an unstoppable, transformative force in warfare.

Among those who were particularly impressed by de Bloch’s arguments was Czar Nicholas II. Fearful that his nation’s industrial and economic backwardness would place it at a terrible disadvantage in a world whose fate increasingly rested upon scientific and technological mastery, the Czar issued an appeal for an international conference that would seek the “lofty aim” of “general peace and a possible reduction of excessive armaments.” On May 18, 1899, the Czar’s birthday, representatives of the great powers assembled at The Hague.

Among the Russian proposals quickly approved by the conference was a  “prohibition of the discharge or projectiles of any kind from balloons or by similar new methods.” At the behest of the American representative, however, the issue was reopened a few days later and the delegates agreed to limit this prohibition to a five-year period only. The argument advanced by the American delegation for this proposal was a precocious foreshadowing of what would become  the fundamental debate over air warfare for the century to come. And the position the Americans were taking was the one that would become the quintessential American position in all of those debates to come.

The rationale that had been advanced for banning this new weapon even before it existed, the American delegate Captain William Crozier noted in a lengthy speech, was that it was necessarily inaccurate and indiscriminate and would strike combatants and noncombatants alike. That was certainly the case for balloons that drifted at the whim of prevailing winds. But, Crozier insisted, future aircraft might not be so capricious: “Who can say that such an invention will not be of a kind to make its use possible at a critical point on the field of battle, at a critical moment of the conflict, under conditions so defined and concentrated that it would decide the victory . . . localizing at important points the destruction of life and property, and . . . sparing the sufferings of all who are not at the precise spot where the result is decided? Such use tends to diminish the evils of war.”

Four years before a man first successfully piloted a heavier-than-air craft, a year before Count Ferdinand von Zeppelin had even demonstrated that an engine-driven lighter-than-air craft could be steered with any certainty, the threat of attack from the air was vivid in the minds not only of the man on the street but of statesmen and generals. So too was the seductively powerful thought that by precisely delivering an overwhelming strike from the sky at the very outset of war, armed aircraft could prove not just a revolutionary but a decisive force in conflict.

When the first aircraft began to appear in the military forces of the world’s armies a few years later, people saw them with a strange sort of double vision. One image was of the primitive, fragile craft that actually stood before their eyes, dangerous and unreliable, capable of carrying only the daring or the foolhardy a few dozen miles and with no more than a few extra pounds to spare for carrying anything else, about as practical or fearsome a weapon of war as a pop gun. The other image, no less real in the minds of many, was the one they had come to know so well from the futuristic visions of technological prophets. This was the image of an apocalyptic instrument of total war, a weapon whose destructive power was different not only in magnitude but in kind from anything that admirals and generals and politicians had ever grappled with before, a weapon that would change not just the conduct of war but its very meaning.

“When airships and airplanes appeared,” observed the historian Lee Kennett, it was accordingly inevitable that “extravagant and impossible things would sometimes be expected of them.”

For all of the anticipation that had been built up around the airplane, the Wright brothers’ first flight brought forth no thunderclaps or trumpet blasts; indeed, it was scarcely noticed at all. Those in the aeronautical world who did notice it did not all believe it.

Partly that was because the brothers were deliberately tight-lipped about the details of their invention so as not to jeopardize patents they had filed for. But mostly the Wrights were paying the familiar price of being pioneers: their rivals for the most part simply did not grasp what they had accomplished. The reason the Wrights flew was that they had solved a series of problems of absolutely fundamental importance in the science of flight, and they did it at a time when their rivals were not even aware that these were the fundamental problems.

Had the world understood the principles that made the Wright Flyer soar off the sands of Kitty Hawk where others had failed, the world would not have been able to doubt that it had in truth soared. Yet for years doubts would linger. The French, who saw themselves at the forefront of aeronautical science, from time to time suggested the Wrights were simply bluffeurs. As late as 1906 the New York Herald, in an editorial that appeared in its Paris edition, expressed an acid skepticism that reflected what many suspected: “The Wrights have flown or they have not flown. They possess a machine or they do not possess one. They are in fact either fliers or liars. It is difficult to fly. It is easy to say, ‘We have flown.’ ”

Even after the legitimacy of the Wrights’ claim as the first to fly was universally accepted, many who should have known better tended to belittle their accomplishment; the pair of bicycle mechanics from Dayton, who after all had never even graduated from high school, were at best inspired tinkerers or clever empiricists. Through a certain amount of practical persistence, trial and error, and no little daring, they had managed to get in just under the wire in the race against more scientifically able rivals.

There is no doubting that the Wrights were practical men, and persistent. As craftsmen they were superb. When the brothers decided to begin manufacturing their own line of bicycles in 1896, they fitted out the back room of their bicycle store as a small machine shop; without further ado they began cutting metal tubing for frames, turning cranks and hubs on a lathe, and constructing by hand their own wooden and metal wheel rims. When they needed a new power source to drive the line shaft for their machinery, they matter-of-factly, and with no previous experience, designed and built a one-cylinder internal combustion engine and ran it off the city gas line.

Once they began their flying experiments in 1899, they routinely shrugged off, or even laughed off, physical obstacles and logistical challenges any one of which might have defeated less self-reliant and practical-minded men. In late 1899 Wilbur obtained from the Weather Bureau in Washington tables of reported wind velocities at all weather stations in the country. The brothers sought a place with sustained winds of fifteen to twenty miles an hour so they could begin practicing with a man-lifting glider that would incorporate the features that they had  so far tested only on kites. A place without too many hills or trees and with soft sand to cushion the inevitable hard landings was also an advantage. Kitty Hawk, North Carolina, seemed to best fit the bill, and so to Kitty Hawk they would go. The fact that it was a remote, inaccessible spot on the barrier islands that lay thirty-five miles off the mainland, inhabited only by a few fishermen and the staff of a coast guard station—and that indeed Wilbur would set off from Dayton without a clear idea of how to get there—seems not to have particularly troubled him. Wilbur departed Dayton on the 6:30 train on the evening of September 6, 1900. With him were trunks and crates containing the parts of the glider and all the tools needed to assemble it; the sixteen-foot spruce boards for the wing spars he planned to buy when he reached Norfolk, Virginia. Except for a visit to the Columbian Exposition in 1893, he hadn’t been more than a day’s bicycle ride from Dayton in a decade.

Many things went wrong. Arriving in Norfolk after twenty-four hours on trains and a steamer, Wilbur found there was no spruce to be had in any of the local lumberyards; after chasing around town in the 100-degree heat, he settled on less satisfactory white pine boards. Loading his growing pile of luggage on another train, he continued on to Elizabeth City, North Carolina; there he found it was impossible to get a boat to take him on the final leg of his journey. After three days, he finally found a disheveled local fisherman, Israel Perry, who assured him he could carry him across. The leaking skiff that was to take them to Israel’s anchored boat three miles away sank to the gunwales when Wilbur’s lumber and trunk were put aboard. On reaching the boat, Wilbur was dismayed to find that “it was in worse condition if possible than the skiff. The sails were rotten, the ropes badly worn and the rudder-post half rotted off, and the cabin so dirty and vermin-infested that I kept out of it first to last.” They set out; the wind came up; the flat-bottomed boat began to take on water; the foresail tore loose with a roar, then the mainsail went, and they barely escaped being driven into a sandbar. Two days later Wilbur finally reached his destination. That was his introduction to Kitty Hawk.

Just trying to live at as godforsaken a spot as Kitty Hawk, let alone conduct dangerous and exacting experiments in the science of flight, would have been counted a major adventure for most ordinary people. Yet in their frequent letters home Wilbur and Orville always made humorous light of their difficulties, from the bad food to the sandstorms to the swarms of mosquitoes that chewed through their socks and underwear and left welts the size of “hen’s eggs.” In successive years they built wooden sheds, drilled their own deep well for water, and assembled, repaired, and modified a succession of “flying machines” on the spot with nothing but hand tools and the occasional assistance of the few locals.

All of this dogged ingenuity makes it easy to be distracted from the fact that the Wrights—or, to be more accurate, Wilbur Wright—possessed an extraordinary gift that went far beyond mere mechanical skill and physical adroitness. Though it was true that neither of the brothers finished high school, they had  been encouraged by their family to pursue knowledge and to trust in their own judgment. Their calculations and papers show a gift for clear and logical thinking, a solid understanding of basic engineering concepts such as force and energy, and a meticulous attention to accurately recording the results of every test and experiment. Even more, they show a confidence in themselves that was truly exceptional. On May 30, 1899, Wilbur had written to the Smithsonian Institution requesting publications about flying experiments that had been carried out to date; this marked the beginning of his serious study of the problem. Only a few short months later he had identified the key failures of his predecessors and boldly conceived an original solution.

That Wilbur was so remarkably unintimidated by the failures of others, and equally uninfluenced by the approach then being actively pursued by such great scientific men as Samuel Langley, the Secretary of the Smithsonian, and Hiram Maxim, both of whom were conducting well-publicized flying experiments, owes much to the influence of his father, Milton Wright. A bishop of the United Brethren Church, Milton was uncompromising on matters of principle—and to him everything was a matter of principle. The bishop would spend years, often with Wilbur’s help, fighting a lonely but ultimately triumphant battle against a fellow church official whom he had accused of embezzling funds; the church leaders, fearing a scandal, had instead sought to oust Bishop Wright and hush up the matter. He was not a popular man, but popularity counted nothing to him; only the truth mattered.

Aside from the cranks and crackpots that the pursuit of human flight had always attracted (among recent examples were Captain John W. Veiru, an old steamboatman who unveiled plans for a fish-shaped flying machine driven by a paddle wheel, and the Reverend Burrell Cannon, whose “Ezekiel Airship” was based on biblical descriptions), the Wrights’ predecessors and competitors fell into two schools. One was the “brute force” approach, epitomized by Langley and Maxim. Working with ample financial backing ($50,000 from the U.S. Army in Langley’s case, $150,000 out of his own pocket in Maxim’s), these men conceived the problem of flight as fundamentally one of generating enough propulsive force to drive a craft into the air. Maxim built a four-ton machine driven by two 180-horsepower steam engines and actually succeeded in getting it to lift a few feet off the ground before crashing as it hurtled down a guided track. Langley invested most of his energies trying to develop as powerful and light an engine as possible for his “Aerodrome”; after driving the S. M. Balzer Company of New York into bankruptcy trying to fulfill his subcontract for an efficient engine, he hired his own engineer and produced a superb 52-horsepower five-cylinder radial engine that weighed a mere 124 pounds. It was more than a decade ahead of the state of the art, and remained unequaled until the eve of the First World War.

Yet neither Langley nor Maxim gave much thought to how to control an aircraft once in the air. To the extent they and other early experimenters did think  about control, they mostly saw it as a matter of keeping the machine stable against the buffeting forces of sudden wind gusts; and that, in turn, was viewed mostly as a matter of ensuring that the machine itself had sufficient inherent stability, since it was assumed no human pilot could react quickly enough. Many designers adopted the technique of attaching the wings with an upward dihedral angle; if the aircraft dipped to the left, the left wing would present a more horizontal attitude to the air, generating more lift, while the right wing would present a higher angle, reducing lift, and these forces would tend to right the craft. Others developed “regulators,” complex spring-loaded wings or tail surfaces, designed to effect the same kind of automatic corrections.

Significantly, neither Maxim nor Langley ever considered climbing aboard their crafts themselves. The designers of the brute-force school tended to refer to their pilots as “chauffeurs.”

The other school was epitomized by the German mechanical engineer Otto Lilienthal. From 1889 until a fatal accident cut short his life in 1896, Lilienthal took to the air in a series of hang gliders that he had designed and built. He began with short downhill hops and gradually increased his glides, particularly after 1893 when he began to soar off of an artificial fifty-foot-high hill that he had had built for him outside of Berlin. Lilienthal’s gliders could be controlled by the pilot shifting his weight from side to side, and although he had plans to eventually add a motor, he believed he first had to acquire the skill of adjusting to wind gusts in the air. His fatal crash occurred when a thermal eddy sent the glider into a stall and it nosed straight into the ground from fifty feet up. Lilienthal’s spine was broken and he died the next day.

In the spring of 1900, Wilbur Wright, having determined to begin his own man-carrying glider experiments that summer, wrote to Octave Chanute, the “grand old man” of aeronautics. His letter surely ranks among the most extraordinary in the history of invention and engineering. Chanute, then sixty-eight years old, was a national figure. A civil engineer, he had designed and built the first bridge over the Missouri River and had served as chief engineer for the Erie Railroad. His interest in flight led him to correspond extensively with Lilienthal and other experimenters, and in 1894 he had published a compendium on the state of the art of heavier-than-air flight, Progress in Flying Machines. As a result, Chanute had become the unofficial but universally acknowledged clearinghouse for developments in aeronautics.

Wilbur’s letter was the first of four hundred that he and Orville would eventually exchange with Chanute over the next decade. Chanute from the start offered enthusiastic and invaluable moral support to the brothers, and in the years ahead the Wrights never failed to show their gratitude to him for that support and friendship. But his technical advice was, truth be told, something considerably less than invaluable; indeed, he frequently seems to have missed the entire point of the theoretical and practical results the Wrights reported to him. In that very first letter Wilbur was deferential but forthright. He explained his  plans for his upcoming experiments and put his finger unerringly on the failures of those who had tried to fly to date. “What is chiefly needed,” he wrote, “is skill rather than machinery.” Far more important than motors was, first of all, learning how to control a glider in actual flight. As Wilbur would later note, Lilienthal was the first to realize that “balancing was the first instead of the last of the great problems in connection with human flight.”

But over the course of five years Lilienthal had managed to amass a total of only five hours in the air. And it was abundantly clear to Wilbur even at this early date that Lilienthal’s method of control by weight shifting was simply inadequate to the task. Having watched buzzards soar, Wilbur explained to Chanute, he had concluded that birds regain lateral balance by actively rotating the tips of their wings to differentially alter the lifting force on each; “the bird becomes an animated windmill and instantly begins to turn, a line from its head to its tail being the axis.”

Not only had Wilbur recognized that an effective means of lateral control—what modern aircraft designers call roll—was the essential missing ingredient in all flying experiments that had been carried out to date, but he had already hit on a practical solution to the problem. It was what would come to be known as “wing warping,” and, as Orville Wright later recounted the story, Wilbur stumbled upon the idea one day in July 1899 when he was toying with a small cardboard box with its two ends removed. He realized that the whole box could be given a “helicoidal twist” that would make the top and bottom surfaces twist up on one side and down on the other. The Wrights quickly built a biplane kite incorporating the idea; control wires that could be worked from the ground applied the twist to the wings.

The slightly melodramatic story of Wilbur’s chance discovery of the solution was inevitably portrayed by biographers in years to come as a crucial moment,   the Wright brothers’ “Eureka”; but, as Orville once wrote to complain to one writer, the episode was being made into something “dramatic beyond its importance.” He explained: “It was one of our few discoveries made purely by accident of observation rather than as a result of study. It was not the revelation of a basic principle—it was merely a better mechanical embodiment of a basic principle which we had already discussed for several months.”
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The Wrights quickly hit upon the idea of twisting the wings to provide lateral control, and built a kite to test the concept. Their ability to control all axes of motion in flight—roll, pitch, and yaw—put them years ahead of competitors.

 

 

Study was the essence of the Wrights’ method. It was what allowed them at the very start of their experimental work to recognize the importance of gaining hours of actual experience in the air where others had slighted that; it had led them to grasp the essential importance of an effective system of active steering and control; and perhaps most remarkable of all, it led them to promptly conclude that the issue that had been the obsession and ruin of other aviation pioneers—building a powerful and light engine—was not an issue to worry about at all. This conclusion was the result of some simple but perfectly adequate back-of-the-envelope calculations. Using an ordinary grocer’s pull scale, the brothers had measured the force their glider exerted on a tether when it was flown as a kite; the angle of the string relative to the ground and the laws of trigonometry allowed them to calculate the component of that force that acted in the horizontal direction—which was the machine’s drag, basically its wind resistance. (The Wrights termed this “drift.”) They then made a clever calculation of the energy expended by a bicyclist and used the result to figure the wind resistance added by having a pilot aboard their glider. Finally they calculated how powerful an engine had to be to overcome the total horizontal resistance offered by their glider.

The result was surprisingly low: a six-horsepower engine weighing two hundred pounds would be perfectly adequate. And, they noted, builders had already made engines that delivered twice as much horsepower per pound. When the time came to add an engine to their machines, an engine would be available for the asking.

The brothers returned to Kitty Hawk each year as their business permitted. They gained many hours of flying time, suffering a good many crashes—“well digging,” they jocularly called it when they dove nose-first into the sand—but also learning how to deal with the caprices of the winds. They made a series of crucial modifications to their design that made the controls far more responsive, allowed their craft to make reliable turns, and decreased the danger of stalls of the kind that had sent Lilienthal plunging to his death.

The Wrights’ systematic and studious approach would pay off once again as they confronted two other fundamental problems of flight: the correct calculation of the lift generated by wings of different shapes and the design of efficient propellers. Like the problem of control, these were problems that others were scarcely aware were problems. In their characteristic manner, the Wrights not only identified their crucial importance but attacked them with extraordinary  self-assurance, even when their results led them to challenge the body of accepted wisdom.

Besides taking to the air in his daring gliding experiments, Lilienthal had, beginning in 1866, carried out an extensive series of measurements of the aerodynamic forces acting on airfoils. They were the first such data to be systematically collected, tabulated, plotted, and published. Chanute had reprinted some of Lilienthal’s results in an article in 1897, which was how the Wright brothers came to learn of them.

Lilienthal’s tables provided numerical coefficients needed to estimate lift and drag on a wing. Both forces varied with a wing’s angle of attack—that is, its angle up or down relative to the oncoming wind—and Lilienthal had tabulated the lift and drag coefficients for many different angles of attack. At any given wind speed, the total lift or drag force acting on a wing could be calculated by multiplying the appropriate coefficient by the surface area of the wing, and then multiplying that result by a fundamental physical constant known as Smeaton’s coefficient, which relates wind velocity to air pressure.

Until a wing begins to stall and lose lift altogether, lift increases with increasing angle of attack. But so, too, does drag. The Wrights recognized from the start that one key to a successful flier thus lay in designing wings that would generate enough lift at a low angle of attack in order to minimize drag. For their 1901 glider, they had nearly doubled the wing area, from 165 to 308 square feet, with the expectation, based on Lilienthal’s coefficients, that enough lift would be generated to support the weight of the glider plus a man in a wind of as little as seventeen miles per hour, and with an angle of attack of at most three or four degrees.

At Kitty Hawk that summer they were sorely disappointed. In his diary entry for July 30, Wilbur recorded their mounting frustrations. Lift was no more than a  third of the calculated value. The brothers had hoped to be able to soar for extended periods in an eighteen-mile-per-hour wind, but because of the glider’s surprisingly poor performance they were lucky to get five minutes of gliding in a day.

It was frustrating, but it was also puzzling; indeed it was almost incomprehensible. Upon their return to Dayton the Wrights cast about for a possible explanation. They kept going back and forth in their view about whether Lilienthal’s data was flawed. Then on October 6 Wilbur wrote to Octave Chanute to report that they had carried out a simple and eye-opening experiment. According to Lilienthal’s tables, the drag force of an air stream striking perpendicularly against a flat plate eight inches by twelve inches should exactly equal the lift generated by an eight-by-eighteen-inch wing encountering that same air stream at an angle of attack of 5 degrees. The Wrights accordingly attached two metal plates of the appropriate shapes and sizes at right-angle locations on the rim of a bicycle wheel, mounted the wheel horizontally on a fork suspended over the front of a bicycle, and pedaled off to generate a good breeze. The wheel was free  to rotate to a position where the two forces exactly balanced. To their surprise, the airfoil’s lift force equaled the force on the flat plate only when it reached an eighteen-degree angle of attack to the wind.

Lilienthal’s tables were, or so it seemed, flat wrong.

There were actually several different reasons for the discrepancy between calculation and reality. Most of the error, in fact, was not due to mistakes in Lilienthal’s tables; modern measurements have shown them to be remarkably accurate. The problem was rather that the Wrights, and Chanute and others, had failed to realize that the coefficients Lilienthal had accurately obtained applied only  to wings of the particular cross-section and planform shape he had used for his measurements. (It would also shortly become evident to the Wrights that the generally accepted value of Smeaton’s coefficient was too large by about a third, further exaggerating the total predicted lift for any given wing configuration.) But whatever the cause of the discrepancy—and the Wrights continued to wrangle over whether Lilienthal was right or wrong—the results of the bicycle-wheel experiment galvanized them to conceive and carry out experiments that would soon yield “the most valuable technical data in the history of applied aerodynamics” up to that time, in the words of the aviation historian John Anderson.
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Wilbur Wright’s sketch of the crucial bicycle-wheel experiment. Arrow indicates wind direction. Air striking the flat plate generates a counterclockwise force on the wheel; lift from the airfoil, a clockwise force. The forces balanced only when the airfoil was at an angle of 18 degrees, much greater than the 5 degrees predicted by Otto Lilienthal’s tables.

The Wrights did not invent the wind tunnel. But no one had collected much systematic data from wind-tunnel tests, and the Wrights now set out to fill that void. From mid-October to mid-December 1901 they tested more than two hundred different airfoil shapes in their tunnel: long skinny wings and short stubby wings; wings with a high arch and with a low arch; wings with the peak of the arch close to the leading edge and with the peak in the middle; wings with square ends and wings with pointed ends. The tunnel itself was a simple wooden box six feet long with a glass window on the top; a wind of up to thirty miles per hour was generated by a fan belted to the drive shaft in their machine shop.

By the time they had to stop their experiments to begin building the next season’s bicycles, they had the answers they were looking for. Most important, they had discovered that a long wing that was relatively narrow in its fore-to-aft dimension (what in modern terminology is called a high aspect ratio) generated significantly more lift than a short, stubby wing of the same total surface area. For their 1902 glider they doubled the aspect ratio of their wings, stretching the span from twenty-two feet to thirty-two feet while shrinking the fore-to-aft width, or chord, from seven to five feet. The new wing configuration generated a lift-to-drag ratio of about 6, which would compare extremely favorably to that of fighter aircraft built in the World War a full decade later. (The famous Fokker E.III monoplane, for example, had a lift-to-drag ratio of 6.4.)

This dramatic improvement was at once apparent in photographs of the 1901 and 1902 gliders being flown as kites over the sands of Kitty Hawk. The 1901 glider pitches up like a fractious horse, struggling at a high angle of attack while the tether to the ground runs more horizontal than vertical, indicating a very poor lift-to-drag ratio. The 1902 glider seems to soar effortlessly and almost directly overhead, with the tether almost straight up and down.

True to their convictions about the relative unimportance of the propulsion problem, it was only in December 1902 that the Wrights first wrote to manufacturers seeking to purchase an engine. They sought a power plant that would deliver eight or nine horsepower and weigh no more than about 180 pounds. The replies were all unsatisfactory; undaunted, the Wrights decided they would simply build it themselves. The simple four-cylinder engine that they and their machinist Charlie Taylor produced actually generated twelve horsepower at the required weight. Although meticulously crafted, its design bordered on the crude. It had no carburetor, fuel pump, or spark plugs, and it certainly set no landmarks in the art of engine design. But it was good enough, and that was all that mattered. The Wrights from start to last knew that successfully flying a powered airplane depended least of all on the power plant. The patents they would apply for would not even mention the “comparatively unoriginal aspect of mating power to the airframe,” as the aviation historian Peter Jakab put it.

Infinitely more significant was the final problem the Wrights now turned to. Next to the solution of the control problem, it would rank as the Wrights’ greatest, though probably least widely known, achievement. It would certainly stand as the greatest testimony to their entire approach to invention. Langley and Maxim had fitted their aircraft with large, flat-bladed propellers modeled on a boat’s screw. But Wilbur, once he began to think about the problem in late 1902, immediately saw that an airplane propeller was really just a wing traveling through a spiral course. The thrust it generated in the forward direction, was, in other words, exactly like the vertical lifting force generated by a wing. No one had thought of that before. The wind-tunnel tables the Wrights had already constructed would show them how to optimize the shape of the propeller to maximize its thrust.

But when they began to wrestle with the problem in earnest they kept going around in circles. Not only did the different parts of the propeller move at different speeds as it spun through the air—the outer tip faster and the center slower—but the angle of attack of different parts of the blade relative to the motion of the true air flow depended on the force generated by the propeller itself: the speed at which the airplane was moving through the air and the speed at which the propeller made the air move. “It seemed impossible to find a starting point,” they wrote. Orville and Wilbur debated the matter, each proposing ideas that the other knocked down; “after long arguments we often found ourselves in the ludicrous position of each having been converted to the other side, with no more agreement than when the discussion began.” But after months of thinking and further arguing, and after filling five notebooks with sketches, calculations, and equations, they had worked out a way to mathematically describe the flow of air over a propeller blade. It was a spectacular theoretical achievement, and so confident were they of the result that their propellers were in fact built solely on the basis of calculation. Later tests would show that their propellers had an efficiency of 70 percent in converting engine power to thrust (compared to 52 percent for Langley’s and about 85 percent for an advanced variable-pitch modern propeller).

Their development of what became the modern theory of aircraft propeller design marked the apotheosis of their method of self-reliance and independent thought. The difference between the self-assurance of a crank or an egomaniac and the self-assurance and distrust for the opinion of others that Bishop Wright had instilled in his sons was that Wilbur and Orville were as merciless toward their own pet ideas as they were toward the ideas of anyone else. It was that combination of trusting one’s ability to recognize the truth, without ever being carried away with one’s monopoly on the truth, that was at the heart of their genius. In a letter he wrote in April 1903, Wilbur summarized his approach to the matter: “No truth is without some mixture of error, and no error so false but that it possesses some element of truth. If a man is in too big a hurry to give up an error he is liable to give up some truth with it, and in accepting the arguments of the other man he is sure to get some error with it. . . . After I get hold of a truth I hate to lose it again, and I like to sift all the truth out before I give up an error.”

 

 

The autumn of 1903 was a particularly rainy, cold, and difficult one at Kitty Hawk. The brothers had arrived in September for their fourth sojourn at this spot they had come to love for its desolate beauty and quiet; this time their luggage included six hundred pounds of airplane parts, including the engine and propellers they had built over the winter and spring.

Many days the rain and wind halted work and drove them indoors. Some mornings were so cold that the water froze in their washbasin. Wilbur reported in  one letter home that they had had to revise the system they had developed the previous year for classifying how cold it got at night; in addition to 1, 2, 3, and 4 blanket nights they now had 5 blanket nights, 5 blanket and 2 quilt nights, and once they had even had a 5 blanket, 2 quilt, fire, and hot water jug night. The ups and downs in the weather and in their work prompted Orville to joke in a post-card to Charlie Taylor that the “flying machine market has been very unsteady. . . . These fluctuations would have produced a panic, I think, in Wall Street, but in this quiet place it only put us to thinking and figuring a little.” On November 28 the stock hit a new low: one of the propeller shafts cracked during a test run of the engine. There was nothing for it but to go back to Dayton and build a replacement, but with success this close they did not hesitate. Orville left for home two days later, fabricated two replacement shafts in record time, and was on his way back a week later. On the return trip to Kitty Hawk he read a newspaper account of the spectacular crash of Langley’s powered Aerodrome on December 8. On its second attempt to take off with a pilot at the controls, the plane had trundled off its launch catapult atop a houseboat in the Potomac River and immediately plunged nose-first into the water. The pilot was rescued but the plane was a wreck, and Langley, who would quickly become the butt of criticism and ridicule for having wasted so much of the taxpayers’ money, reluctantly abandoned his project forever.

Orville arrived back at the camp on December 11. Three days later the machine was ready. Wilbur won a coin toss and took the controls for the first attempt; the plane took to the air briefly, but Wilbur almost immediately over-controlled the elevator and sent it into a stall. The plane crashed to the sand, breaking the forward elevator and a landing skid. But by this point there were no longer any doubts in their minds. Wilbur cabled home the next day:MISJUDGMENT AT START REDUCED FLIGHT [TO] HUNDRED AND TWELVE [FEET]. POWER AND CONTROL AMPLE. RUDDER ONLY INJURED. SUCCESS ASSURED. KEEP QUIET.




On December 17 the Flyer was ready to go again. Despite strong winds and freezing temperatures, at 10 a.m. they hoisted a signal flag at their camp to alert the crew at the nearby lifesaving station that they would make an attempt to fly that day. It was Orville’s turn this time. Before mounting the machine he set up his camera on a tripod between their camp buildings and the launching rail that would guide the Flyer on its takeoff run, and he carefully trained the lens on a point a few feet short of the end of the track, just where he expected the Flyer to take to the air. John T. Daniels, a member of the lifesaving crew, had never operated a camera before, but Orville placed him in charge of the shutter release. At 10:35 a.m., after letting the engine run for a few minutes to warm up, Orville released the rope that held the Flyer against the force of its turning propellers and the machine started down the track. As Wilbur ran alongside to steady the  wing, Daniels, no doubt to his eternal subsequent relief, tripped the shutter perfectly on cue to capture an image that, in Peter Jakab’s apt description, remains “one of the most famous photographs ever taken.”
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The Wrights’ telegram to their father announcing the first successful flights at Kitty Hawk on December 17, 1903. (Library of Congress)

 

 

The reports of the Wright brothers’ flights that appeared in the press were at a minimum garbled; most were ludicrous. The New York Times ran a sixteen-line item on its front page of December 26 revealing that certain unnamed inventors of an “airship” recently tested at Kitty Hawk were anxious to sell their device to the government for “scouting and signal work, and possibly torpedo warfare.” The device was described as “an adaptation of the box kite idea, with a propeller working on a perpendicular shaft to raise or lower the craft, and another working on a horizontal shaft to send it forward.” The story was sandwiched between longer items that the editors, and probably most readers, paid more attention to: There was a column devoted to the tragic tale of a British girl who had sailed across the ocean only to learn that her fiancé had been killed in a train wreck, and another story with the memorable headline CAKES KILLED A WOMAN: MRS. LEIBY ATE THREE DOZEN OF THE CHRISTMAS KIND AND DIED.

Even more distorted and embroidered accounts of the Wrights’ airplane appeared abroad. After a few weeks of this, the Wrights tried to straighten things  out by releasing their own brief account, but the damage had been done. The facts would remain tainted by fiction for years.

But their task was delicate, and in more ways than one. While they laughed off some of the more ridiculous stories, they were in fact deeply offended and troubled by others, especially a number that had suggested they were mere pupils or protégés of Chanute’s. The brothers wanted to say enough to establish their claim in the court of public opinion while not jeopardizing it in patent court: their basic patent application, filed on March 23, 1903, would not issue for three years, and during that period of limbo a premature publication of the salient details of their invention could invalidate their claim. It was an impossible line to walk. In their statement to the press they had included a sentence that would sow the seeds of a later painful falling out with Chanute. “All of the experiments,” they wrote, “have been conducted at our own expense, without assistance from any individual or institution.” Chanute sent a slightly stiff reply asking just what they had meant by that, and the brothers smoothed things over by explaining that all they had meant was that since they “had paid the freight” they had the right to refuse to make their invention “public property.”

But their secrecy had a more subtle purpose. Although talk of scouting and signaling and launching torpedoes was a reporter’s invention, the fact was that the Wrights from the very first saw the only viable customer for their invention as the military forces of a “great Government.” That was in part because there seemed to be no obvious commercial market for the airplane; it was also, as they would later explain to the British military attaché who had visited Dayton to inquire about their invention, because they were wary of being swindled by private companies or financial syndicates.

Selling their invention to a “great Government” also had its risks, however, risks that patents would not necessarily protect them against once the details of their work and its full significance were widely known: “Governments often appropriate inventions useful in warfare,” Orville noted. Thus the brothers’ plan was that when the time came they would sell their invention outright, together with their research and data, for a substantial sum up front, and that would be an end to it. They would not compete with “mountebanks for a chance to earn money in the mountebank business,” as Wilbur once expressed it. They wanted to be compensated for their invention, period. For the scheme to work, though, they had to be the first—the unquestioned first—to offer a government a fully practical airplane of actual military value, and that was going to take some further experimentation. To maintain their lead over rivals in the meanwhile, absolute secrecy was essential.

Just a couple of weeks after their first flight, the Wrights had already had one brush with a mountebank. In deference to Chanute, though much against their wishes, they had allowed Chanute and his employee Augustus Herring to visit them at Kitty Hawk during the 1902 season and test two of Chanute’s gliders. The gliders proved to be complete flops, Herring and Chanute left dejected, and  that was the last they had heard from Herring. The Wrights were accordingly astonished to receive a letter from Herring dated December 26, 1903, claiming that he had independently solved the problem of flight and proposing that he be given a one-third interest in the Wrights’ invention. Herring claimed that he had already been offered a substantial sum for his “rights” in interference suits against the Wrights. It was a none-too-subtle attempt at blackmail, and the Wrights disdained to reply. But it was an abrasive reminder of what they would be up against in trying to reap a profit from their work.

Unfortunately for the Wrights, their own government was at the moment about the last one on earth willing to entertain an offer to buy an airplane. Having been stung by the savage criticism in the press and in Congress that followed Langley’s highly publicized debacle, the U.S. War Department decided to wash its hands of the business of heavier-than-air flight altogether. At the end of December 1903 the Cabot brothers of Boston, influential friends of Chanute’s, urged their even more influential relation Senator Henry Cabot Lodge to take notice of the Wright brothers’ successful flight and its potential value to the government; the senator passed the information on to the War Department, which discreetly ignored it.

So gun-shy were the American authorities that, a year later, when the Wrights were ready to make a more official approach to the government, they were sent a reply that, as one historian has put it, “came very near the border-line of official insanity.” But part of the confusion lay in the fact that the Wrights were proposing what was apparently a wholly novel arrangement as far as the War Department’s Board of Ordnance and Fortification was concerned. As they had planned all along, the Wrights were offering to enter into a contract under which, for a price agreed to in advance, they would deliver an airplane that performed to specifications agreed to in advance. They would receive nothing if they failed to deliver. But the Board apparently took that as a request for financial support of further experimentation, and explained that they were very sorry but they received a great many such requests and before they would consider any further expenditures on flying machines “the device must have been brought to the stage of practical operation without expense to the United States.” The brothers concluded that this bafflingly illogical reply to their proposal was merely an odd bureaucratic way of slamming the door in their faces—“a flat turndown.”

Meanwhile, the Wrights in spring 1904 had begun work on a series of improvements to their machine that would keep them at the forefront of aviation. Flying now from Huffman Prairie, a cow pasture eight miles from Dayton, they experimented with changes in balance and controls, and on September 20 Wilbur made the first-ever circular flight, staying aloft a minute and a half and covering almost a mile.

A few weeks after that, there arrived in Dayton a representative of a “great Government” who seemed far readier to do business than the Wrights’ own countrymen. Lieutenant Colonel John Edward Capper was commandant of the  British Army’s balloon units. He had come to America to see the aviation exhibits at the St. Louis World’s Fair, but he had traveled to Dayton specially to see the Wrights, having heard about their work from Chanute, still the indispensable and universally known clearinghouse of information about all things aeronautical.

Though the Wrights would not let Capper see their airplane and told him they were not ready to talk business, they did show him photographs and their engine and discussed their work at length; all in all they succeeded in making a deep and favorable impression on their British visitor. Capper, on his return to England, filed a lengthy report. He had found the brothers to be courteous, well educated, and capable men: “I do not think are likely to claim more than they can perform. . . . [They] have satisfied me that they have at least made far greater strides in the evolution of the flying machine than any of their predecessors.” Capper zeroed in on the “military importance” of the Wrights’ work:If carried to a successful issue, we may shortly have as accessories of warfare, scouting machines which will go at a great pace, and be independent of obstacles on the ground, whilst offering from their elevated position unrivalled opportunities of ascertaining what is occurring in the heart of an enemy’s country.




England, he warned, was “very backward” in the race to develop this new weapon. On departing from Dayton, he had asked the brothers “to give Great Britain the first chance” when their machine had reached a practical stage.

With those words the global aviation arms race began. But it was a slow-motion arms race, and it often seemed to move in reverse. Though Capper was keenly aware of the military significance of the Wrights’ invention, the bureaucrats of the British War Office proved to be no less bureaucratic than those of the American War Department.

On March 1, 1905, the Wrights were at last ready to “talk business,” and wrote to the War Office proposing to furnish an “aerial scouting machine” that could carry two men and supplies of fuel for a flight of at least fifty miles at thirty miles per hour. But the negotiations quickly hit the same impasse of misunderstanding that had hampered the Wrights’ approach to the United States government. The Wrights insisted that their buyer had to sign a binding contract  before they would reveal any of their secrets, including even a look at their machine. But in turn, the brothers undertook to assume all of the financial risk: the purchaser would not have to pay them a penny if the machine failed to live up to their promises. This was apparently more than the official mind could comprehend. The correspondence between the Wrights and the War Office throughout 1905 would be comical if it did not make such agonizing reading. Over and over, the Wrights explained their position; over and over, the British representatives replied, in apparent genuine puzzlement, that they only “wish to see your machine fly,” and then they would be happy to enter into negotiations.

All sorts of bizarre interpretations over the years have been ascribed to the Wrights’ position, with some even suggesting that Wilbur was possessed by a sort of Freudian inability to part with his creation. But in fact the deal they were proposing was rational and straightforward; their letters to officialdom were models of clarity; and their only fault was in deviating from the orthodox arrangements that usually governed the relations between governments and military contractors.

In the summer of 1906 Capper tried once again to break the logjam; citing a letter from the Wrights in which they mentioned that they were “offering to various governments our complete invention,” he urged his superiors that he be allowed to ask the Wrights for a price. On July 31 the brothers stated their terms. For $100,000 they would furnish an airplane, train a British pilot to fly, and grant full rights to the British government to manufacture for its own use additional planes based on their patents. For an additional $100,000 they would supply all of their formulas and tables.

But by this point Capper himself had begun to waver. For one thing the price was breathtakingly high; it would be difficult to secure approval for such a sum. But more important was that Capper, recently promoted to the post of Superintendent of the Balloon Factory, in effect the head of all aeronautical research for the British Army, began to have the itch to make his own mark on aviation history. Working from fragmentary descriptions of the Wrights’ airplane that had begun to appear in European aviation journals, inventors in both France and Britain were hastening to build their own “Wright-type” planes and catch up with the Americans. Capper laid his cards on the table in September when he recommended turning down the Wrights’ offer, explaining to the Director of Fortifications and Works:I cannot advise any further action being taken on this matter. I consider the prices asked by the Wright Bros. are out of all proportion to the benefits to be gained. . . . As regards the Flying Machine itself: I have but little doubt that we shall soon be able . . . to turn out within a reasonable time a Flying Machine on much the same lines as that of the Wright Brothers, but we hope superior to it in several essentials, at an infinite fraction of the cost demanded by them.




Capper’s actions were neither the first nor the last act of self-delusion on the part of military authorities when it came to the technological realities of aviation. But his conviction that Britain should attempt to surpass the Wrights on its own was given a further spur that fall of 1906 when from France came the stunning news that the aviator Alberto Santos-Dumont had begun to get his heavier-than-air craft off the ground. After making a few short hopping flights, Santos-Dumont flew for 60 meters on October 23, 1906; on November 12, before a crowd of deliriously cheering spectators at a field near Paris, he managed to stay aloft for a flight of 220 meters.

The Wrights at once understood that Santos-Dumont’s airplane had more in common with a brick than a bird in its flying characteristics; it was minimally controllable at best, and what kept it in the air was mostly a matter of momentum and daring. The Wrights were not at all concerned that Santos-Dumont or others posed a serious technological challenge to them, but they were very concerned that people might think so. Even experts such as Octave Chanute had not really understood the crucial technological innovations that underlay the Wrights’ machine; Chanute wrote to the Wrights that he fancied Santos-Dumont “is now very nearly where you were in 1904.” Wilbur pointed out why that was emphatically not the case, but conceded that the “real disturbing element is the general  belief ” that other aviators were about to overtake them: “As a hindrance to business this is almost as bad as reality.”

Capper might be forgiven for failing to grasp a distinction between impressions and reality that confused many. His faith in the man he had chosen to catapult Britain past the Wright brothers was, however, quite another matter. Lieutenant John Dunne’s chief claim to fame was, apparently, that he was the well-connected son of a famous general. Invalided home after falling ill during the Boer War, he had begun to occupy himself designing and building gliders. Capper brought Dunne to the Balloon Factory in June 1906 and immediately began to put increasing stock in him. The dream of Britain’s taking the world lead in military aviation apparently got the better of his judgment. The fact that Dunne’s work was carried out in great secrecy did not help, either, for it would not have stood up to much scrutiny.

The press nonetheless caught hints of secret experiments being carried out at Blair Atholl, a ducal estate in the Scottish highlands, and the Daily Express correspondent managed to sneak a look at Dunne’s machine through “a pair of powerful field glasses.” On September 27, 1907, the paper ran a breathless account under large headlines:BRITAIN’S FIRST AEROPLANE. 
EXPERIMENTS WITH AERIAL 
FIGHTING MACHINES. 
SUCCESS ASSURED. 
WORK IN SECRECY 
IN THE HIGHLANDS





The truth was considerably more prosaic. On one glide, the plane crashed into a wall with Capper piloting, leaving him with a gash on his ear and blood pouring down his face. The British experimenters nonetheless proceeded to fit  the glider with two engines they had optimistically brought with them to Scotland. With the engines opened full throttle, the plane was launched down a track laid on a hillside, whereupon it immediately plunged nose-first into the ground, and that was the end of that.

The Wrights meanwhile still lacked a definite buyer as the year 1907 came to a close. They had pursued possible contracts with France, Germany, even Russia. Several French aviators—Henri Farman, most notably—were now flying regularly, and the Wrights’ first serious American competitor, Glenn Curtiss, backed by the famous inventor Alexander Graham Bell through a group called the Aerial Experiment Association, was about to take to the air, too. The Wrights had not flown since 1905. They realized they needed to do something dramatic to reestablish in public and official opinion the preeminent position they did in truth still command.

In spring 1908 the Wrights announced they would conduct a series of demonstration flights in France. Wilbur arrived in Paris on May 29; the crates containing the parts of the Flyer, thoroughly jumbled by the clumsy going-over they had been given by French customs officials, arrived two weeks later. The weeks dragged on as Wilbur methodically replaced broken parts, sewed the wing fabric sections together, and tested the engine. During one of those tests, on July 4, a radiator hose broke loose and Wilbur was struck on the arm and side with a jet of boiling water. He fainted from the pain; a foot-long blister welled up on his arm and took months to heal. The French were suspicious of all the delays. “Le bluff continue,” declared one newspaper.

A month later, under cover of night, the fully assembled craft was finally moved to a shed on the Hunandières racecourse outside of Paris. Four days later, on August 8, Wilbur made a short test flight. It caused a sensation. Then came the real flying demonstrations: Wilbur circled, did figure eights, climbed to ninety feet, stayed in the air twenty minutes at a time. The French, who had been unable to contain their sneers, now could scarcely find words to express their admiration. “We are as children compared to the Wrights!” gasped René Gasnier, one of France’s pioneer aviators. “We are beaten! We just do not exist!” agreed Léon Delagrange. “Mr. Wright has us all in his hands. What he does not know is not worth knowing,” declared Paul Zens. “Veelbur Reet” caps became the rage all over France. The French Senate extended an invitation to Wilbur and greeted him with a standing ovation. The frying pan Wilbur had used for cooking at his hangar improbably wound up in the Louvre.

Wilbur’s flights were indeed a total revelation. Here was a plane that flew gracefully, maneuverably, effortlessly. The pilot was no longer a daredevil, like a circus performer shot from a cannon; he was a sultan in majestic command of his flying carpet.

The European fliers, to a man, had still believed that the secret of flight lay in inherent stability. To the extent that they equipped their airplanes with a means for affecting their lateral balance at all, this was viewed only as a sort of corrective function that the pilot could call on to keep the wings level: the small and not very effective flaps of these early European airplanes were referred to by such terms as “balancing planes” or “righting planes” or “lateral equilibrators.” None were able to make their machines bank into a turn the way the Wrights’ airplane did; at best they could make rather spastic lurches to the left or right by use of the rudder. The Wrights’ three-axis control system—giving the pilot full, independent control over the airplane’s up-and-down pitch, left-and-right yaw, and lateral roll—was what gave the Flyer its masterful maneuverability, and it would henceforth be a feature of every successful airplane. The Wrights’ highly efficient propeller design would be immediately and widely copied, too. “Mr. Wright,” declared Edouard Surcouf, a French designer of airships, “has solved the problem of flight.”

Other nations had finally begun to arrive at the same conclusion. The British, notably, were not among them: in the spring and summer of 1908 Capper had  again spiked a deal between the War Office and the Wrights, tacking on a series of last-minute conditions to the official “Specifications for a Military Flying Machine” he had earlier drawn up, and which the Wrights were preparing to offer a bid on. The conditions were composed with malice aforethought; they were deliberately designed to disqualify the Wrights’ machine from consideration. The new terms, six handwritten pages, arrived in Dayton in August 1908 while the brothers were both away; Bishop Wright forwarded them to Wilbur with a covering note that cut to the heart of the matter: “They only ask that an applicant should jump over the moon! through a hoop!! six times!!!” And so for a third time the British War Office lost its chance to acquire the Wrights’ invention.

The United States government’s inability to close a deal with the Wrights had always had more to do with lingering political embarrassment over the Langley debacle, compounded by bureaucratic inertia created by the War Department’s contracting regulations, than with a lack of enthusiasm for military aviation in high places. With the passage of time and the increasing attention that aviation was manifestly arousing abroad, the hand of America’s influential aviation enthusiasts was only strengthened at home. As the British government temporized and haggled, the Wright brothers’ own country finally began to reclaim the initiative. It was President Theodore Roosevelt himself, persuaded by some influential lobbying, who had broken the bureaucratic logjam, and he directed the War Department to take more interest in flying machines. On May 11, 1907, the Board of Ordnance and Fortification had written to the Wright brothers inquiring about terms; the brothers had replied, offering a machine for $100,000, again on their standard terms of assuming all risk in return for a commitment up front. The negotiations dragged out; the brothers dropped their price to $25,000; but at last the wheels of bureaucracy began to turn and on December 23, 1907, the U.S. Army issued a request for bids for an airplane. The bidding was supposed to be a mere formality, the specifications having been negotiated with the  Wrights in advance. But, inevitably, all the cranks came out of the woodwork: the Army received forty-one proposals.

Among them was a bid from Augustus Herring, who claimed he could build an airplane for five thousand dollars less than the Wrights’ price. The Wrights at once suspected that Herring was yet again up to no good. They were right. His earlier blackmail scheme having come to naught, Herring now approached the Wrights with a new shakedown. Presuming that the Army would have to award him the contract as the low bidder, he traveled to Dayton and offered to turn his winning bid over to the Wrights—for a cut. The Wrights were disgusted but not surprised. The Army, however, managed to thwart Herring’s skullduggery by announcing it would accept both bids. Herring, after much bluster, turned up at Fort Myer outside of Washington on October 12, 1908, and announced he was making “technical delivery” of his flying machine—in the form of two small suitcases and an “innovation trunk” that, he claimed, contained all of the parts of an engine and airplane he had built in fulfillment of his contract. Nobody was impressed.

For by then Orville had put on his own flying spectacle at Fort Myer to rival what Wilbur was doing in Paris. Orville set record after record, staying in the air more than an hour at a stretch and climbing to two hundred feet. On September 17, 1908, he was carrying Lieutenant Thomas Selfridge as a passenger when one of the propellers cracked and struck the stay wire holding the tail. The plane plunged to the ground. Orville was seriously injured and was carried to the hospital at Fort Myer, where he remained for six weeks. Selfridge was killed. Had such a tragedy happened a few years earlier, it might well have brought the embryonic program of military aviation to a halt. Now nothing could stop it. Two weeks after Orville got out of the hospital he wrote to his brother that the Army officers had all hastened to assure him that “the U.S. is going to be our best customer.” A year later the Army officially accepted delivery of the Wrights’ airplane. In the official acceptance tests, Orville broke all previous duration records for a flight with a passenger, circling the field 79½ times in 1 hour 12 minutes[image: 006]seconds. On July 30, 1909, carrying Lieutenant Benjamin D. Foulois as passenger, the Flyer underwent its official speed trial, covering a ten-mile course from Fort Myer to Alexandria and back in 14 minutes 40 seconds. The average speed, 45.8 miles per hour, earned the brothers a bonus of $5,000 over the agreed price of $25,000, $1,000 for each mile per hour over forty. The U.S. Army so became the first military organization in the world to acquire an airplane.

The rest of the world was now close behind.
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