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      Resounding acclaim for Harold Evans’s


      They Made America


      Selected by Fortune magazine as one of the best books of the past 75 years


      “    Innovators have been reinventing America for more than two hundred years. But no one has told their story with half of

         Harold Evans’s authority, insight, or panache. They Made America is a terrific book.”	

      


      	— Sylvia Nasar,Knight Professor of Journalism 	at Columbia University and authorof A Beautiful Mind


      “    Formidable. . . . A rich, wide-ranging work. . . . Absorbing profiles of Americans whose inventiveness and industriousness

         changed the way human beings lived.” 	

      


      — Neil Genzlinger, New York Times


      “    With energy and brilliance, Harold Evans brings to life America’s business geniuses. . . . They Made America is so good that Evans deserves a place in it for the energy and innovation he has brought to the business of celebrating

         history and ideas.”		

      


      	— Walter Isaacson,author of Benjamin Franklin: An American Life


      “    Promises to become a major lasting landmark in the chronicling of American invention and innovation.”		


      	— Frederick E. Allen, Editor, Invention & Technology


      “    Evans’s elegantly written book offers the same breadth and scope as his previous bestseller, The American Century. . . . Just as Edison was inspired by popular biographies of innovators before him, so might the next generation of scientific

         and commercial explorers find guidance in Evans’s exciting survey.”

      


      — Publishers Weekly


      “Monumental.”


      — John McLaughlin


      “    Harold Evans’s superb new book will solidify his standing as an innovative historian of the American experience. Like

         its large subject, it is wholly original and bracing.”

      


      — Sean Wilentz,Dayton-Stockton Professor 	of History at Princeton University


      “Fresh insights.”


      — The New Yorker


      “    A detailed and perceptive account of the efforts of people whose contributions were critical in giving shape to American

         life.”	

      


      	— Jeff Madrick, New York Review of Books


      “    Richly detailed, excitingly told. . . . Not only a fascinating reading experience, it may also well turn out to be a

         great public service.”	

      


      	— Jesse Kornbluth, Headbutler.com


      “    With his keen analytic intelligence and gift for absorbing storytelling, Sir Harold Evans has given us a brilliant, accessible,

         and original book. . . . A historic and important work that sheds light on that most elusive of qualities: the mystery of

         genius.”	

      


      	— Jon Meacham, author of Franklin and Winston: 	An Intimate Portrait of an Epic Friendship


      “    Evans’s evident fascination with America’s can-do spirit bundles one along. He has a great story.”


      — John Gapper, Financial Times


      “    A fun and educational read. . . . An informative, well-researched, and well-written book that rewards repeated readings.”		


      	— Robert A. George, New York Post


      “A wonderful book.”


      — Lou Dobbs, CNN


      “    In magisterial prose, Evans presents fascinating and energetic portraits of 70 quintessential American innovators.”


      — Library Journal


      “    When Harold Evans thinks about American history he thinks big.”	


      	— Jeff Bercovici, Women’s Wear Daily


      “A way to learn from the best innovators in U.S. history.”	


      	— Kevin Maney, USA Today


      “A superbly written survey of the most important innovators in this country.”	


      — Pia Catton, New York Sun


      “Quirky and satisfying from the first chapter to the last sidebar.”	


      	— Dennis Drabelle, Washington Post
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      America’s Genius for Innovation


      “You see things; and you say, ‘Why?’ But I dream things that never were; and I say, ‘Why not?’”


      — George Bernard Shaw, Back to Methuselah (1921)


      NEW AMERICANS have been coming to the North American continent for four centuries in the hope of building new lives, free

         of the restrictions of the Old World. The newness and vastness of the surroundings, the shock of unfamiliar environments and

         the shortage of ready hands impelled an almost frantic drive by the early settlers for practical innovations that would make

         life less tenuous and more agreeable. Understanding just what innovation is and how it comes about is a vital subject for

         the 21st century, when intensifying competition from around the world requires Americans to innovate as briskly as did those

         first adventurers.

      


      I have been interested in the adaptive genius of Americans since the misty morning 50 years ago when I walked the shoreline

         of the James River to retrace the steps of the first English settlers in Virginia. Around the original site of the Jamestown

         palisaded fort, I watched archaeologists sift through the soil where they had isolated 50,000 fragments of the first English

         colony of 350 years before: an earthenware oven; a swept hilt rapier; pieces of ivory chessmen; a small caltrop with four

         wicked spikes to throw in the path of Spanish cavalry; scissors, needles and thimbles; a branding iron; hundreds of candle

         snuffers and gin bottles; and an ice pit for storing food. Captain John Smith brought 104 settlers in three sailing ships,

         anchoring on May 14, 1607. The first colony of 117 men, women and children, settled in the Roanoke wilderness ten years earlier

         by Sir Walter Raleigh, had vanished, but the Jamestown settlers survived Indian hostility and the “starving time.”

      


      They did it by innovating. In Jamestown today, visitors can see how they made good use of the chain mail and breastplates

         they brought to fight a Spanish army that never came. It was too cumbersome for Indian warfare, so they cut up the armor and

         recycled the parts as cooking pans. When their exports of silk, glass, sassafras and soap ashes were not enough to pay for

         their essential supplies from the motherland, they concentrated on John Rolfe’s innovation, the crossing of an indigenous

         plant with seed from the West Indies to produce the first and long-sustaining export: tobacco well suited to the soil of Virginia

         and appealing to tastes in London. After 1776, the political innovations of these newly independent Americans gradually brought

         reality to the promise of individual liberty. The story of that evolution has been amply told in a number of classic histories

         and biographies; I added to the extensive literature with my own account of the flowering of freedoms in the second hundred

         years from 1889 to 1989 (The American Century). On the other hand, much less attention has been paid to the story of the practical innovations by which the Americans over

         two centuries used their freedom to provide comfort and security, and so came to advance the well-being of all mankind. The

         purpose of this book is to depict some of the principal creators of those innovations.

      


      There were not many of them in the early days when the destiny of the new republic was in balance, but there were new generations

         of innovators among the thousands, then millions, of newcomers. It is commonly said that these later immigrants brought their

         dreams. In fact, they brought ours. They brought to fruition the hidden promise of America. It is obvious enough that the

         energies of the new masses cleared the wilderness / planted the corn / laid the railways / reaped the wheat / spun the cotton

         / erected the cities /dug the canals / forged the steel / built the bridges / set the factories humming. But they brought

         more than muscle. They had fled class-ridden conformity or outright tyranny, so they tended to be of an awkward, questioning

         disposition. And unnoticed among the millions of these ambitious self-selected risk-takers from all parts of the world were

         individuals exceptionally willing to dare. Their gifts for innovation accelerated America’s progress over two centuries. Merely

         to mention one, the German immigrant Ottmar Mergenthaler’s invention of automatic typesetting in Baltimore in 1886 exploded

         the diffusion of information and knowledge through books and newspapers, and with it came a sharp leap in literacy. For the

         most part, the immigrants did not come with any special secret, any patented invention, any great wealth or connections. When

         they disembarked, blinking in the bright light of the New World, they had no idea what their destinies would be. The magic

         was in the way they found fulfillment for themselves—and others—in the freedom and raw competitive excitements of the republic.

      


      Innovation, the concept and activity that made Dr. Johnson shudder, has turned out to be a distinguishing characteristic of

         the United States. It is not simply invention; it is inventiveness put to use. Herbert Boyer was not content with splicing

         a gene in a university laboratory; he risked academic odium by going into business to mass-produce man-made hormones. Cyrus

         McCormick was not the only farmer to invent a reaper, but he was the one who imitated the financing mechanisms that made it

         possible for hundreds of thousands of farmers to afford the invention. The sorely neglected genius of radio, Edwin Armstrong,

         went into the marketplace himself rather than see his invention of FM radio shelved by RCA’s desire to maintain its income

         stream from the manufacture of AM radios. Ida Rosenthal did not invent the brassiere, nor even the famous Maidenform “I dreamed”

         campaign, but she put all the pieces together in production and marketing so that her husband’s invention reached millions

         of women. Theodore Maiman, having invented the first working laser on May 16, 1960, described it as “a solution looking for

         a problem” because so few appreciated its manifold possibilities; he ended up founding his own companies. He was first an

         inventor and then an innovator.

      


      This crucial difference between invention and innovation was borne in on me on my return to England in 1957. As a young science

         reporter, I visited the government-funded National Physical Laboratory at Teddington, and they showed me where their senior

         researcher Robert Watson Watt had in 1935 invented the radar system that was to help the Royal Air Force win the Battle of

         Britain. His former colleagues remarked with chagrin on how swiftly this British invention had been taken up and exploited

         in the United States after 1939, laying the foundation for the great electronics industry. It was the same story with antibiotics,

         following Alexander Fleming’s 1928 discovery of penicillin; with Maurice Wilkes’s pioneering efforts in developing the first

         commercial application of the computer at the offices of J. Lyons and Company in 1951; and with the jet engine. All these

         British inventions were superseded by the innovative energies of America. Frank Whittle designed and patented his gas turbine

         to produce jet propulsion in 1930, when he was only 24; the first test run was made at Rugby on April 12, 1937, and the Pioneer

         jet first flew on May 15, 1941. The inertia of the British Air Ministry and the skepticism of the National Academy of Sciences

         delayed production of the Whittle Meteor jet fighter plane until 1943. The secret blueprints were given to the United States

         as part of the Allied war efforts—and the United States came to dominate jet engine manufacture. Whittle, impressed by American

         openness and enthusiasm for innovation, ended up as yet another enriching immigrant to the United States, finally working

         as a research professor at the U.S. Naval Academy.

      


      Practical innovation more than anything else is the reason America achieved preeminence while other well-endowed landmasses

         lagged or failed. America’s emergence from a rural backwater to a position of dominance is not to be explained by the access

         to physical resources or population, since Russia, China, Australia, Canada, Brazil, Argentina and South Africa were also

         richly endowed but failed to develop anywhere near as rapidly. The Americans laid rails across their continent long before

         the Russians and Canadians. The speed of American adoption of new ideas is manifest in the vignette of Asa Whitney, who arrived

         in England in 1830 to buy items for his fancy-goods business. Fifty years after American independence, England, hearth place

         of the industrial revolution, was so far ahead with the railway as to inspire a lifelong awe in this proud Yankee. He took

         a ride on the new Liverpool and Manchester Railway in 1830, traveling at a velocity previously unthinkable; he guessed it

         was 46 miles an hour. But within Whitney’s lifetime, America caught up and surpassed Britain and everyone else in its railway

         engineering. Ten years after Whitney returned home to extol the wonders of George Stephenson’s Rocket, there were 3,312 miles

         of track in America, more than in all of Europe, and Whitney’s passionate campaign to build a transcontinental railway to

         the Pacific was no longer seen as an unfortunate consequence of traveler’s delirium.

      


      One of the purposes of this book is to note transforming connections such as this, to see the innovator in the context of

         his times as both a legatee and an explorer. There are many eureka moments, but antecedents always matter. Jack Kilby at Texas

         Instruments and Robert Noyce at Intel no more plucked the idea of the integrated circuit out of thin air than Robert Fulton

         “invented” the steamboat on a sunny day in Paris. Thomas Edison introduced electric power into cities, but it was his immigrant

         clerk Samuel Insull who found a way to make power cheap enough for everyone. Insull, in turn, depended on the innovations

         of George Westinghouse in alternating current—but Westinghouse had no concept of the nexus of technology and marketing exploited

         by Insull.

      


      All these men were innovators: They were entrepreneurs in action. It has been said that a scientist seeks understanding and

         an inventor a solution, to which we might add that an innovator seeks a universal application of the solution by whatever

         means. The case of Alexander Graham Bell is illustrative. He was not an innovator. He was the discoverer of how sound waves

         could be converted into undulating electric current. It was certainly a marvelous moment on the evening of March 10, 1876,

         when his young assistant Thomas Watson heard Bell’s voice down the wire, “Mr. Watson, come here, I want you!” but as Watson

         later remarked, the Bell Company phone was calculated more to develop the American voice and lungs than to encourage conversation.

         Bell did not solve the problem. He did not make any further contribution to the technology of the telephone or to the manifold

         microinventions necessary to make it an effective instrument by means of automatic switchboards, loading coils, carrier currents,

         marketing and the like. The problem of indistinct and muffled sound was solved by Thomas Edison (with Charles Batchelor).

         They produced an effective carbon button transmitter for the rival Western Union so that when Western Union pooled the patents

         of Edison and Bell’s rival Elisha Gray it had a real working telephone. Then Theodore Vail presided over the amalgamation

         of Western Union and the Bell Company to create the American Telephone and Telegraph Company. It was Vail who foresaw the

         potential of a national long-distance system and worked to overcome myriad technical, political and bureaucratic obstacles

         with such effect that on January 25, 1915, he was able to sit in his convalescent retreat on Jekyll Island, Georgia, and listen

         to Bell in New York repeat his original request of 1876 to Thomas Watson in San Francisco (to which Watson replied that it

         would take him a week to get there now). Vail was also the initiator of a research facility that in 1925 became the Bell Labs,

         the genesis of decades of inventiveness including the transistor in 1947 and the Telstar I communications satellite in 1962.

      


      Vail was an innovator. So was Samuel Morse, though he was not the first to invent a practical electromagnetic telegraph. The

         scientist Joseph Henry preceded him, but the gentle Henry had no interest in developing it for commercial application. Morse

         did. He was the innovator of the telegraph. Chester Carlson cooked up chemicals on his kitchen stove in Queens in 1938 so

         as to transfer a dry mark from one piece of paper to another. No commercial organization was interested. The nonprofit Battelle

         Memorial Institute in Columbus, Ohio, took the invention a stage further from 1944. Joseph C. Wilson, new to the presidency

         of his father’s Haloid Corporation, a maker of photography products, sent his friend Sol M. Linowitz, a public-spirited lawyer

         just out of the navy, to look at it. “We went to Columbus to see a piece of metal rubbed with a cat’s tail,” said Linowitz.

         From 1947 to 1960 Wilson took his company to the brink of extinction, investing $75 million in the strange device, which became

         the Xerox machine, one of the most successful products ever made. Wilson was the innovator.

      


      Thomas Edison is thought of as America’s foremost inventor, with 1,093 patents in his name, but his most important work was

         translating the insight of invention into the practical reality of innovation through the long process of development and

         commercial introduction. He exhorted his associates: “We’ve got to come up with something. We can’t be like those German professors

         who spend their whole lives studying the fuzz on a bee.” A score of experimenters before Edison had worked on heating a filament

         to incandescence, and any day one of them might well have succeeded, but Edison’s transcendent innovation was to understand

         that the lightbulb he invented would be a mere novelty unless he could find a way to integrate it into an economical and safe

         electrical system. The simple act of flicking a light switch in offices and homes depended on a complex of dynamos, cables

         and numerous connections that all had to be devised, costed and manufactured. Edison had also to fulfill the entrepreneurial

         role of raising the money, arranging the legal rights-of-way and cultivating the market. Edison was a supreme innovator.

      


      Invention without innovation is a pastime. Patents are important, very much so in some industries, like pharmaceuticals, and

         hardly at all in others, like machine making, but their role, like that of the inventor, has been overplayed. A patented invention

         is only a beginning. Less than 10 percent of patents turn out to have commercial importance, according to a study for the

         Lemelson-MIT Program, and less than 1 percent have the seminal importance of, say, John Vaught’s ink jet for Hewlett-Packard

         in 1975, or for that matter Eli Whitney’s humble cotton gin nearly two centuries before. Some of the innovators in this book

         were inventors who carried their inventions into patents and to fulfillment in society; some of them invented nothing. A handful

         made scientific discoveries, but few of them were versed in any branch of pure science. Their distinctive quality is not that

         they filed a patent or elaborated a formula. It is that somehow they got their hands on the most important ideas and turned

         them into commercial realities with enormous impact. Samuel Slater and Francis Cabot Lowell did not invent the machinery that

         made Massachusetts a center for cotton manufacturing at the turn of the 18th century. They stole it from the British. Originality

         is not the prime factor; effectiveness is. Henry Ford and Bill Gates are classic later examples.

      


      The innovators featured in these pages are rich in their diversity. It gives a flavor of where lightning strikes in egalitarian

         America to mention that they include a trucker, a portrait painter, a cobbler, a Harvard professor, a deck boy, an immigrant

         seller of fruit and vegetables, a drug dealer, a frontiersman fleeing Indians, a hairdresser, a street peddler, a billboard

         salesman, a flour miller, an illiterate daughter of slaves, a ’60s rebel on the streets of San Francisco, a beach taxi pilot,

         a seamstress, a piano salesman, a foreman in a power plant, a U.S. Navy seaman with nothing to do on a warship at the end

         of World War II, a playboy, a radio ham, a hardware store keeper, a clerk and of course a couple of bicycle mechanics.

      


      A surprising number of these innovators can be described as democratizers making it possible for the whole population to enjoy

         goods and services previously available only to the elite. Amadeo Giannini opened banking to the common man. Before George

         Eastman, photographers practically needed a Ph.D. in chemistry to develop and print their pictures. The digerati long scorned

         those with AOL e-mail accounts, but Steve Case brought millions to e-mail and the Internet. Georges Doriot and then Michael

         Milken liberated entrepreneurs with a good business plan from needing personal connections with the wealthy. Gary Kildall,

         Ken Olsen and Bill Gates extended access to the computer beyond a select priesthood of engineers. Pierre Omidyar created a

         democracy of supply and demand with eBay. Raymond Smith transformed casinos from dark smoky rooms peopled by men to public

         places of entertainment. Juan Trippe and Donald Burr ran airlines that opened up the world to everyman.

      


      Some may say that this is a romantic illusion, that these creative democratizers were merely catering to the masses for the

         sake of higher profits. None of them, to be sure, sought penury in the service of the public, but my immersion in the lives

         of innovators over several years leaves the impression that money making was not a sustaining motivation. It appealed to some—no

         doubt to Robert Fulton, who had spent so much of his time sponging off others. But Henry Ford would have made more money in

         his early days if he had done what his partners wanted and made cars for the rich. Giannini went to great lengths to avoid

         a personal fortune, buoyed by a deep populism born of his family’s early struggles. A desire to be God’s agent in the service

         of mankind was uppermost in the actions of Morse, Vail, Lewis Tappan (credit rating), Theodore Judah (the transcontinental

         railway), Olsen and Martha Matilda Harper (beauty parlors). And John Wanamaker was mindful of his Christian ethics when he

         replaced the customary haggling of the pre-Civil War period with price tags to render equality of opportunity to all shoppers

         in his famous Philadelphia store.

      


      In all the innovators I call democratizers, altruism was no doubt diluted by vanity, the desire to be acclaimed as a benefactor,

         to be acknowledged by one’s professional peers—and there is nothing wrong with that. With Edison and Edwin Armstrong, the

         satisfaction of intellectual curiosity was paramount, with John Fitch (the steamboat) it was social recognition, with Madam

         C. J. Walker (beauty treatments) an affirmation of racial pride. Whatever conclusion one reaches about motivation, the democratizing

         instinct is evident in many innovators’ successes.

      


      These innovators are heroes and benefactors, but they are not saints. I thought it important to portray them as they were,

         with the inhibitions and prejudices of their times—and some vices of their own invention. It is a disservice to our understanding

         of them to bring the eraser of political correctness to their portraits—though the companies they founded do not always share

         this view. Many companies helped me as best they could within the limits of what they had in their archives and memories.

         Few companies cherish their history as well as United Technologies, which has taken care to preserve the origins of Otis elevators.

         It is revealing to see the Otis company ledgers from the 1860s with the pencil marks of engineers recalculating each time

         how much wire rope must be used, the number of ratchets, engine specifications, the size, shape and weight of platforms and

         the number of wrought-iron binders. Elevator making was clearly a craft then, not a result of mass production. On the other

         hand, the Bank of America was openly obstructive to my inclusion of its founder, Amadeo P. Giannini, because in his profile

         I mention an anti-Semitic epithet he once used. Giannini was an important innovator with a profound influence for the good.

         There was and is no suggestion that the Bank of America today, currently the largest in the country, has any prejudice. Giannini

         himself was a supporter of the state of Israel, and a splendid character, but it is necessary to see all these innovators

         in the context of their times, not as alabaster figures.

      


      I have concentrated on the significant innovations in a considerable variety of disciplines over two centuries, from John

         Fitch’s steamboat service on the Delaware to Larry Page and Sergey Brin’s electronic service on Google, including a number

         of innovators who are known but ill served, such as Oliver Evans, developer of the high-pressure steam engine and the first

         automatic production process. Clearly, no one study can encompass every innovator in meaningful depth. There are thousands

         of ingenious Yankees who fiddled with bits and pieces of machinery whose incremental practical improvements were critical

         to American progress but whose names are lost to history. And we must never forget that the gifted few innovators drew deeply

         on the resources of millions of everyday workers. In the wake of the Great Exhibition at the Crystal Palace in London in 1851,

         where American innovations were star attractions, the English Parliament sent the noted manufacturer Joseph Whitworth and

         the educator George Wallis to learn what they could about “the American system.” They concluded that the key to American progress

         was “the widespread intelligence which prevails among the factory operatives.” Wallis attributed the “inventive disposition”

         to “the attention paid to the education of the whole people by the public school system.” Sam Colt longed with much vituperation

         for Yankee mechanics when he opened (and later closed) his gun factory in London.

      


      The selection of the 50-plus innovators in the following pages, plus identification of 100-plus in a gallery toward the exit,

         was made after examining the achievements of many hundreds of innovators, with the research assistance of David Lefer and

         Peter Wohlsen and guidance from three academic advisers nominated by the Sloan Foundation; they are not to be held in any

         way responsible for my final choices and emphases. It will be apparent that I have not confined myself to technology, except

         in the broad sense of the term defined by the social scientist Daniel Bell that technological progress consists of all the

         better methods and organization that improve the efficiency of both old capital and new. This can be many things, the development

         of a scientific discovery, the combination of elements from several inventions, but also a reorganization of labor, a new

         concept of banking, trading or marketing. The Wright brothers are here, of course, but so also is the small boy who was among

         the cheering crowds watching Wilbur fly along the Hudson on that magnificent day in 1907: Juan Trippe, who went on to inaugurate

         mass air travel at Pan American. I do not pretend to be able to fathom all the complexities of all the sciences, still less

         translate every nuance into popular terms, but I have attempted to describe the technicalities as far as seemed necessary

         for a work of social history. Collectively, I believe the profiles shed new light on the processes of innovation. Of all the

         main subjects, the questions I asked were: Why this person and why at this time in America? What were the antecedents and

         the context of the innovation? What is common among these individuals and what is unique to each? What was the role of government?

         Were they moved by money or by any ideals beyond the urge to translate thought into a service or a product everyone would

         come to want?

      


      I readily acknowledge that the book is light on the contributions of women, African Americans and other minorities. It is

         because the history of innovation is light on them. Raising the capital for large-scale innovation was impossible for black

         men like Frederick McKinley Jones, even though he did win 60 patents and invent refrigerator trucks. Tremendous odds were

         overcome by other black innovators like Madam Walker and Garrett Morgan. Women had to overcome prejudices that for the most

         part kept them in the kitchen, the fitting room and the beauty parlor. Russell Simmons, An Wang and Berry Gordy are in the

         forefront of a more hopeful trend. Donna Dubinksy, pioneer of the PalmPilot, suggests how much was lost by relegating women

         to innovating for other women.

      


      There are a number of rewarding biographies of inventors, but few focus on them as innovators, and science and technology

         have altogether suffered neglect in standard history texts (a deficiency finally addressed in 2003 by the two-volume textbook

         Inventing America cited in the bibliography). Mitchell Wilson’s illustrated volume American Science and Invention entertainingly reviewed scientific achievements—rather than innovation—but that was 50 years ago. In more recent years, the

         literature on innovation has been growing. The financial historian Robert Sobel has explored the careers of 9 entrepreneurs,

         Richard Tedlow of 7, the writer David Brown a modern 35, but no popular book so far as I know has attempted, as does They Made America, to explore the histories of innovators over two centuries, to delve into the personal and the technical, to see how one influences

         the other and at the same time to set these individuals in the context of their times.

      


      The book is divided into three parts. Part I, concerned with the period of mechanical technology, identifies the key innovators

         from the early days of the republic to the Civil War. Three legal innovations provided a sympathetic framework: the Supreme

         Court ruling liberating interstate commerce, the federal patent law and the invention of the corporation to limit liability

         and facilitate the raising of capital for projects. Alexander Hamilton, the secretary of the treasury, produced his prescient

         report in December 1791 arguing that America’s destiny lay in encouraging domestic manufacturers with high tariffs, immigration

         and “new inventions particularly those which relate to machinery.” As his biographer Ron Chernow writes, Hamilton, the prophet

         of the capitalist revolution in America, was “the messenger from a future that we now inhabit.” But Congress, dominated by

         agricultural interests, failed to act. The innovators who first broke through the inertia were self-taught self-starters ready

         to try their hand at anything. It is emblematic of the times that America’s leading maker of pencils was Henry David Thoreau,

         better remembered as a transcendentalist philosopher, who chose to describe himself ten years after graduating from Harvard

         as a carpenter, a mason, a glass-pipe maker, a house painter, a farmer, and a surveyor, as well as a writer and pencil maker.

         The workshop revolutionaries have never had the attention afforded the political revolutionaries, but they set America on

         a new course.

      


      Part II begins with the end of the Civil War and the start of the second industrial revolution in which systems that were

         mechanical become electromechanical. The country moved from a “folk culture,” as Daniel Boorstin put it, to a “mass culture.”

         Immigrants arrived in the millions bearing a gene for change while American enterprise grew international business empires.

         The period is commonly noted as one in which the main thrust of research came more and more to be carried out by professionals

         in research and development (R&D) labs attached to large corporations, government and university departments, but individual

         innovators remained prolific. They worked for the most part independently of the developments of science and theoretical knowledge,

         and they made signal strides in the organization of complexity (Ford and IBM to mention two).

      


      Part III is the digital age from the 1960s to the present, when intellectual technology becomes paramount. Disdaining the

         hippies in California in the ’60s, Gordon Moore, the Silicon Valley innovator, remarked, “We were the real revolutionaries,”

         and he was right. America has become what Peter Drucker called an emerging “entrepreneurial society,” with an information/service

         economy fathered by Moore and others. Business structures have become more networked than hierarchical. Mass production is

         evolving into mass customization. “Lifestyle” marketing is replacing a class-based economy. America is coming full circle.

         The vertical disintegration of industry and the Internet are facilitating more innovation from hundreds of smaller concerns

         and individuals.

      


      One powerful force for innovation is missing in my survey: government. The image of the entrepreneur taking on the world,

         celebrated in the novels of Ayn Rand, still has a grip on the American business imagination. There is truth in that ideal,

         but it tends to obscure how much creativity has been stimulated by government, directly and indirectly. Land grants and loans

         were essential for the railroads and the interstate highways. Massive U.S. government support of research led to America’s

         advances with semiconductors and hence the transistor. The Defense Department originated the Internet.

      


      It was tempting to include in this book creative figures in government who accomplished all this and more, but that is another

         book; the men and women profiled here all ventured in the world of commercial risk. Nonetheless, all of us and the millions

         of Americans who innovated and sustained innovation were the beneficiaries of particularly enlightened initiatives in the

         public arena. Consider Justin Smith Morrill (1810-1898), the Vermont senator who had to leave school at 15. He introduced

         acts in 1862 and 1880 by which the federal government granted millions of acres to states for the establishment of agricultural

         and engineering colleges (long before European universities acknowledged engineering as a profession). Consider Harry Colmery

         of the American Legion, Congressman John Rankin of Mississippi and Congresswoman Edith Nourse Rodgers of Massachusetts, who

         initiated the G.I. Bill signed by President Roosevelt in 1944. The results in individual fulfillment and American prosperity

         are well celebrated in Tom Brokaw’s book The Greatest Generation. Ken Olsen was a G.I. graduate, as was Douglas Engelbart, the pioneer of the computer mouse and graphic interface software.

         While two million American G.I.s metamorphosed into engineers, scientists and managers, higher education was still unduly

         restricted in Britain with the emphasis on the arts. Only a very select few—2 percent of the population—were then admitted

         to universities, and the proposal to open the doors wider provoked outcry from the establishment: “More Means Worse” was the

         rallying cry of its leading organ then, the Times newspaper. It was an aristocratic cast of mind that did a great disservice to Britain’s innovative potential.

      


      Democracy in the form of equal opportunity works. It is, of course, the American people who are the ultimate innovators, a

         faith reflected in the political, cultural and business institutions they have created and sustained. The innovators in my

         analytical biographies are players on the stage of a perpetual revolution. Where it may go next is the subject of speculation

         about nanotechnology, biotech, artificial intelligence and cheap renewable energy, all of which sounds exciting, but if the

         history of innovation teaches us anything it is that the greatest innovations are unpredicted. Caryl P. Haskins, the celebrated

         president of the Carnegie Foundation, reminded the country in a report to the president in 1965 that as late as 1929 it was

         still widely believed that the Milky Way constituted our entire universe: “Only within the last decade have we become fully

         aware that this galaxy of ours is in fact but one among millions or perhaps billions of such galaxies, stretching to distances

         of which the world of 1920 or even 1950 could have had little conception.” We are, in that respect, in the same position as

         the men and women who first set foot on the beach at Jamestown in 1607.

      


      For the immediate future, Americans must be concerned that their long worldwide supremacy through innovation is challenged

         as never before. In May 2004, the New York Times raised a front-page alarm that the United States was losing its dominance in the sciences. William J. Broad reported that

         the U.S. share of its own patents has fallen over decades to only 52 percent; its share of Nobel Prizes has similarly fallen

         to 51 percent, and American scientific papers are no longer in the majority in learned journals. Shirley Ann Jackson, the

         president of the American Association for the Advancement of Science, deplored a declining interest of young Americans in

         science careers and asked, “Who will do the science of this millennium?” Edison and Armstrong, and many other inventors and

         innovators, said their imaginations were excited in the first place by reading popular biographies of Faraday and Marconi

         and others. It would be gratifying if the exploits of the innovators who made America described in this history did something

         to spark the ambitions of the next generation to make a new America.

      


   











      PART I


      * * *


      PATHFINDERS TO A NEW CIVILIZATION


      The steamboat opened a great era of innovation by American originals—frontiersman, miller, soldier, artist, peddler, gunsmith.

         Dreamers and doers all

      


      [image: art]


      Charles Goodyear  
Never give up


       What does it take to get a nation moving? The new Americans, concentrated on the fringe of the East Coast, were shut off from much of the riches

         of their vast continent. The distances were preposterous, the mountain ranges prodigious. The source of motive power on the

         land was the muscle of man and horse, and on the waterways it was wind and current. There were few roads, no railways, no

         telegraph; millions of acres of cotton went unpicked, tons of wheat went rotten for want of harvesting. All that was to change

         with dramatic speed. In the first section, we begin with the innovators of the steamboat services that opened the West and

         end with the visionaries of the railway that bound a continent. In the years between these transforming innovations, we acquire

         the sewing machine and the revolver; the reaper and the elevator; rubber and oil; the bicycle and credit rating; made-in-America

         cotton dresses and blue jeans; and the world’s first automatic production line.

      


      The seminal innovation of a commercial steamboat service, transcending the limitations of nature and opening the West, was

         the culmination of the work of four very different men: John Fitch, an eccentric frontiersman; the artist Robert Fulton partnered

         with a landed aristobrat, Robert Livingston; and an inventive miller-engineer, Oliver Evans, whose high-pressure engine took

         the steamboat to a whole new level.

      


   











      The Heroes Who Got America Going


      THE AMERICAN Declaration of Independence was only one of three landmarks in 1776. In Glasgow that year, on March 8, James

         Watt unveiled the first commercial model of his condensing steam engine, the fulcrum of the industrial revolution, and from

         the same Scottish city a few days later Adam Smith published his Wealth of Nations, the foundation of a new era of economic thought on both sides of the Atlantic. He analyzed and extolled the virtues of manufacturing,

         with its division of labor, of free trade and the benefits to society from reasonable men pursuing self-interest without much

         restriction by government.

      


      When the 13 states became the United States with the peace of 1783, America was an empty land, an agrarian nation with only

         half as many people (four million) as the mother country. No city was a tenth the size of London. The new Americans had endured

         a long war and dissension; they had barely begun to realize how great were the natural resources they could now exploit or

         even to decide whether they wanted to do so. The thoughts that made pulses beat faster were pastoral; the heroes of popular

         culture were generals and statesmen, clergymen and landed gentry. Adam Smith concluded that no manufactures “for distant sale”

         had ever been established in America because of the lure of uncultivated land. He noted that as soon as a producer of goods—Smith

         called him an “artificer”—had acquired more stock than he needed, he did not extend his own business. He was not tempted by

         large wages and the easy subsistence this might bring. “He feels that an artificer is the servant of his customers from whom

         he derives his subsistence; but that a planter who cultivates his own land, and derives his necessary subsistence from the

         labor of his own family, is really a master and independent of all the world.” Colonialism had also fostered a habit of mind

         inimical to manufacturing and industry. The British imperial practice, known as mercantilism, had been to regard all colonies

         as sources of raw materials, not places for manufacturing.

      


      The fomenters of the American Revolution were more or less of the same mind. They were men of property, imbued with the notion

         that society was best sustained by farming, fishing and trading; manufacturing was envisaged as women at home making cloth,

         rugs, soap and garments, men fashioning furniture, shovels and chains, and itinerant tinkers, smiths and carpenters filling

         the gaps left by the cottage workshops. Capitalism was not in their vocabulary, and if it had been it would have been as a

         dirty word. Benjamin Franklin constantly inveighed against the individual accumulation of wealth. In the 27 specific complaints

         in the Declaration of Independence, the founding fathers said nothing about the injustice of England’s unpopular curtailment

         of American manufacturing or methods of financing it. The principal writer had clear ideas on what kind of society America

         should become: “While we have land to labour then,” wrote the Virginian Thomas Jefferson in a letter in 1781, “let us never

         wish to see our citizens occupied at a workbench, or twirling a distaff. Carpenters, masons, smiths are wanting in husbandry;

         but for the general operations of manufacture, let our workshops remain in Europe.” Gouverneur Morris foresaw a time when

         America “will abound with mechanics and manufacturers,” but he and Alexander Hamilton were relatively isolated in seeing the

         potency of the industrial revolution gathering force in England. John Adams of Massachusetts clung to land as the only true

         wealth, turning aside, to his loss, Abigail’s wifely advice to invest in securities. Even Franklin, businessman, scientist

         and inventor, exalted agriculture and looked down on trade.

      


      Everything turned on individual enterprise. The national government was weak, and the laissez-faire ideas of Adam Smith flowered.

         George Washington, in his first message to Congress in 1790, recommended “giving effectual encouragement to the introduction

         of new and useful inventions from abroad,” but he could not get Congress to fund a national university. Alexander Hamilton,

         and especially his assistant secretary at the Treasury, Tench Coxe (1755- 1824), pleaded in vain for the allocation of public

         money to encourage invention and manufacturing. Several states advertised bounties for the introduction of machinery, or the

         production of such known items as wool cards, sulfur, wire and fabrics, but those pockets did not have deep linings. The number

         of state charters granted to enable business concerns to raise money did double from 1786 to 89 by comparison with 1781 to

         85, but capital was meager, skill scarce and the general atmosphere depressing.

      


      How was it then that this backward, dozy America led the world in developing the steamboat? It is true that the seminal steamboat

         service, developed by Robert Fulton in 1807, employed a British low-pressure Watt-Boulton engine, but by 1830 the flourishing

         Mississippi Basin steamers were powered by high-pressure engines of original American invention. It is true also that geography

         was a midwife. America’s vast river systems and lakes, with forests yielding fuel on the run, offered more scope for the steamboat

         than Britain’s relatively constricted internal waterways, which were flanked not so much by forests as faster roads for stagecoaches.

         Still, Britain was the leading maritime nation, with plenty of opportunities for steamboat entrepreneurs in intracoastal and

         cross-Channel trade. The vicissitudes of its weather were far less violent. And it had engineering and financial muscle to

         spare. William Symington (1763-1831) had a steamboat up and running on a Scottish ornamental lake as early as 1788 with an

         engine of his own design. It says something again about the significance of individuals that Symington lost interest when

         his financial backers withdrew in 1803 and nobody followed up.

      


      A negative factor in England lay in the positive achievement of James Watt and Matthew Boulton in manufacturing steam engines

         of Watt’s design. The 25-year monopoly the partners held, an extension of the original patent, was a major discouragement

         to other potential experimenters. The partners were eager to defend their rights, resistant to joint ventures. Who can blame

         them? It took the full 25 years to recoup the initial investment and finance the long battles in court. Additionally, Watt

         himself, so crucial a figure in the industrial revolution, lent his prestige to sustained skepticism about the potential of

         steam for navigation.

      


      In the end, the character of America’s steamboat pioneers lies at the heart of the country’s early ascendancy in steam navigation.

         John Fitch (1743-1798), who launched the first practical steamboat in 1787, was too ignorant to know of Watt’s misgivings

         and too headstrong to care if he had known. And where Symington faltered without a patron, Fitch persevered against all the

         odds. The very different characters of the magnetic Robert Fulton, his calculating partner Robert Livingston and the rebellious

         Henry Shreve were critical to the development of the steamboat—and the steamboat was the entering wedge of the industrial

         revolution in the Ohio Valley and the Midwest. The machine shops and foundries that made steam engines and iron for the new

         steamboats attracted a fruitful concentration of skilled mechanics to Pittsburgh and Cincinnati, to Wheeling, Louisville and

         later St. Louis. One set of numbers gives an idea of the accelerating pace. In the ten years from 1809 to 1819, the gross

         tonnage of steamboats built rose from 1,000 to 17,000, but in 1830 the figure was 64,000—and 202,000 in 1840.

      


      By 1830, with the exhilarating success of the steamboat, Americans were eager to follow England in the epic innovation of

         the railway. The new spirit was optimistic and even bumptious, imbued with the idea that America could surpass the world in

         its inventions. Jefferson was not immune to the nascent doctrine of American perfectibility. In 1785 he was writing to Abigail

         Adams in Paris, beseeching her to send him two sets of fine linen tablecloths and napkins from England, “better and cheaper

         than here.” By 1812 and the war with England, he was rhapsodizing about the textile machines he had installed at his estate

         by which two 12-year-old girls and two women were making all his family’s linen, cotton and woolens: “Our manufacturers,”

         he brags, “are very nearly on a footing with those of England.”

      


      The movement from defeatism to exuberance, from confinement to expansion, took 50 years, but there were two events that can

         be marked as red-letter days. The first was on Monday, March 3, 1824, for which the steamboat was the catalyst. In one of

         the most profound legal rulings in American history, a great judicial innovator, John Marshall, chief justice since 1801,

         ended the Fulton steamboat monopoly imposed by New York State, but his judgment affected more than navigation rights. It altogether

         liberated the conduct of business across the United States.

      


      The second emancipating event was in 1838, when the inventors were finally accorded protection under a national patent law.

         Before 1790 they had to win exclusive licenses—state by state—for varying terms. The first federal patent law in 1790 simplified

         matters, but it merely set up a registry of claims without examination. Patents could be registered without any proof of originality,

         so that several people might hold a patent for the same idea. Inventors still had to spend time and money in defense of their

         property. Cyrus McCormick (1809- 1884) was 25 when he won a patent in 1834 for the grain reaper he had invented at the age

         of 22, but after the expiration of the basic patent in 1848 he was engaged for the rest of his life in trying to protect his

         improvements. The prolific inventor and innovator Oliver Evans was so dismayed by a judge’s ruling that patents were against

         the public interest that he went home and destroyed his papers.

      


      The early innovators featured in this first section endured much in changing the atmosphere of America and setting the nation

         on a new course.

      


   











      John Fitch (1743-1798)


      He was a frontiersman whose life was often at risk from Indian war parties, but he escaped with an idea that became the Delaware

         River’s first steamboat

      


      The story of the steamboat properly begins with John Fitch, not yet 40, striding the dense wilderness forests of the Ohio

         Valley in 1781-82. He is a tall, dark-visaged frontiersman in a beaver hat who plants his feet like an Indian straight on

         the line of path and daily covers 40 miles faster than a man on horseback. He climbs a bluff, sits admiring the milewide Ohio

         River below and has an epiphany:

      


      “I contemplated that beautiful river rolling full tide toward the ocean, and reflecting on its immense length from its head

         to the ocean, I thought it impossible that God had in his wisdom created a river of such length and irresistible current,

         without giving man some power of overcoming the force of the water and being able to navigate up as well as down.”

      


      He had no idea steam might be such a power. Fitch had done almost everything a young man might do growing up in colonial and

         revolutionary America. He had been put to work on a Connecticut farm at ten, sailed miserably before the mast, apprenticed

         himself to a couple of exploitative clockmakers, set up a brass foundry, learned to be a good silversmith, started a potash

         business, abandoned his high-tempered wife and two children, served as a lieutenant in the Continental Army, sold tobacco

         and beer to soldiers, run a gun factory, speculated in land warrants in Kentucky, and in the Ohio Valley he was surveying

         land and trading with settlers. All this, but he had never heard of James Watt’s invention or the installation of his first

         steam engine in a British factory in 1776, still less seen a steam engine. For the immediate moment he was too busy staying

         alive.

      


      The Ohio Valley seethed with hostile Indians of the Delaware tribe. Soon after his contemplation of the river he was drifting

         down it on a flotilla of rafts with a handful of other traders, when a party of 30 Delawares spotted them and rushed into

         their war canoes. The white men rowed away for all their life. They escaped—a ball intended for Fitch lodged in a cask of

         flaxseed—but in March 1782, Fitch was ambushed again, this time trying to run a flatboat upriver with a cargo of flour he

         hoped to sell to settlers. Two of the party of war-painted Delawares, led by “Captains” Buffaloe and Crow, went on board to

         plunder Fitch’s boat and scalp two of his companions shot dead in the skirmish. Fitch wrapped himself in a camlet cloak and

         coolly asked permission to take a nap. He later recalled:

      


      “Unfortunately Captain Buffaloe had made himself too free with our whisky and I had not lain many minutes, than I heard an

         Indian Speakeing in Broken Language, ‘Teak! Teak!’ I opened my eyes and rose up on end and shook my head and said, ‘No!’ He

         said again, ‘Teak!’” and drew his tomahawk a fair blow to sink it into my head. I looked him full in the face, and felt the

         greatest composure to receive it than I ever felt to meet death, unless it is since I began the steamboat.”

      


      The steamboat? This was Fitch reflecting in his autobiography many years later. Not until three years after his capture did

         he first begin to think of trying to make a boat move by the power of steam, but when he did, his experiences with wilderness

         Indians were a seed come to germination. He escaped the tomahawk because Captain Crow stopped the descent of the drunken warrior’s

         arm, but Fitch could not escape his own nature. He was conflicted, supremely confident that he was set apart for a glorious

         destiny but all too well aware that he was regarded as uncouth, a misfit; in a bout of introspection once, he described himself

         as “in wretchedness, haughty, imperious, insolent to my superiors, tending to petulance.” When the prisoners reached the Delawares’

         village, four of Fitch’s companions were put to death. Yet Fitch did not know how to submit. The warriors insisted he take

         part in a frenzied dance. He declined. Captain Buffaloe demanded his pants in exchange for a breechcloth. He refused. A chief

         offered his wife to Fitch as solace for a doomed man’s last night on earth. Fitch spurned her. The Delawares moved from anger

         to bewilderment mixed with fear. Who was this strange, cantankerous prisoner with the awkward face and crazy spirits in his

         head? They handed him over to the British outpost at Detroit: The American victory at Yorktown had ended the war six months

         before, but the British retained a number of forts pending full U.S. compliance with the 1783 treaty to end the war. Fitch

         was a captive for nine months.

      


      On his release by the British, he organized a company to survey and acquire lands in the North-West Territory, north of the

         Ohio, drew a fine Map of the Northwest, engraved it on copper, printed it and wandered east offering copies for sale. His exertions left him with an arthritic knee.

         One spring Sunday morning in 1785, having rented out his horse, he hobbled home from a religious meeting in the village of

         Neshaminy and was resentful when he was passed by a carriage. Out of the resentment an inspiration surfaced: “What a noble

         thing it would be if I could have such a carriage without the expense of keeping a horse.” And suddenly the solution was clear

         to him: steam! He had heard now of a steam engine pumping water in a mine in New Jersey. “Nothing but able Mechaniks is required

         to make the prize sure,” he wrote euphorically.

      


      He never let the difficulties stand in the way of ambition. He had a talent for visualization but only the vaguest ideas how

         steam could be put to use. He had still never heard of the inventors Thomas Newcomen or James Watt until the village vicar

         showed him an encyclopedia plate of a Newcomen engine. He soon enough realized the incompatibility of a steam engine of that

         bulk and the rough, rutted roads, but the smooth river, now . . . Those Delaware braves would never have caught him! A steam

         engine could propel a boat against wind and current and outrun the fastest war canoes! He realized that the bulky Newcomen

         engine would sink the kind of boat he could build, so he set out to design and build his own steam engine from scratch, one

         light enough not to sink a small boat.

      


      Fitch worked with manic intensity on research and fund-raising. He rode to the handful of state capitals in the East, petitioning

         the legislators for a monopoly license to steam the state’s waters on the grounds that he was the first to come up with the

         idea.

      


      He would have got nowhere without the happy circumstance that he had a drinking partner, a hearty German-born clockmaker by

         the name of Henry Voight, who, like Fitch, was a religious radical, a Christian Deist dismissive of the divinity of Jesus.

         Voight was eager to let God guide his hand in inventing an engine and offered to extend the drinking partnership into professional

         waters. Fitch went around Philadelphia offering shares in The Steamboat Company at $20 each. They were taken by a hatter,

         a grocer, a physician, an ironmonger, an antiquarian, the geographer general of the United States, a Quaker farmer, a manufacturer

         and half a dozen tavern keepers and merchants. At the time, America was in a sharp postwar recession and all that Fitch could

         raise from these adventurous souls was $300. With this he and Voight had to design and make a boat and engine. They had a

         45-foot skiff ready by the spring of 1786. Astonishingly, by August the two amateur engineers had succeeded in making a tiny

         working model of an engine with a three-inch cylinder as the boiler—and they had contrived to have the steam work on both

         sides of the piston, something James Watt had managed to do only after 15 years of hard work.

      


      But how was a full-scale engine to push the skiff through the water? Fitch’s first thought had been that the reciprocating

         motion of the piston should be converted by a ratchet to the rotary motion of a paddle wheel. In his second draft, influenced

         by “Gentlemen of Learning and Ingenuity,” notably Benjamin Franklin, he unwisely abandoned paddle wheels. Fitch and Voight,

         testing their skiff without an engine, then tried various rowing contraptions on the river, one of them a chain carrying perpendicular

         boards round and round. They sweated away at the cranks, with minimum movement but maximum enjoyment among the watching professional

         boatmen. Fitch took to his bed with “West Indian produce,” fretting how he could explain away to the directors the expenditure

         of $60. Maybe the hemp or rum had an effect: When the watchman in the silent street called “one o’clock,” Fitch leapt out

         of bed to pick up a quill and transcribe his fevered imagination. He was seeing those Delaware war canoes again, but this

         time the downward movement of a crank drove the paddles through the water to the stern and the upward movement of the crank

         returned the paddles through the air to the bow.

      


      The partners first successfully tried out the mechanism with muscle power. The next step was to power the paddles with a bigger

         boiler, which meant finding the money for a 12-inch cylinder. Wheedling the few hundred pounds needed for that from the townsmen

         was harder than rowing against the Delaware current. Fitch got on his horse again to beseech a round of state legislators

         for cash to finish the engine and for monopoly licenses to reduce the risk. He didn’t get the state cash, but he got the licenses

         from Delaware (February 3, 1787), New York (March 9) and Pennsylvania (March 28), and then he raised just enough money from

         friends to put the engine together.

      


      On August 22, 1787, Fitch went to the Constitutional Convention in Philadelphia, where the leading citizens of all the states

         gathered in their satin breeches, colored coats and lace ruffles. Fitch—somewhat out of place in his black frock coat—buzzed

         around inviting delegates to inspect his strange craft at the Front Street wharf: six paddles both sides of a chimney in the

         middle blowing smoke. “There was very few of the convention but called to see it,” he wrote, but a few delegates risked going

         aboard and affected to be vastly entertained when the engine sputtered to life, the paddles cleaved the water and the boat

         moved off. It bucked the current of the Delaware at the rate of two and a half miles an hour.

      


      Not a cent of money came from the demonstration. Fitch was bitter. “There is such a strange infatuation in mankind that it

         seems they would rather lay out money in balloons and fireworks, and be a pest to society, than to lay it out in something

         that would enrich America at least three times as much as all that vast country north west of the Ohio.”

      


      Fitch was reduced to traveling the countryside cleaning clocks, his clothes in tatters, but the proceeds he and Voight raised

         were enough to build a 60-foot boat with an 8-foot beam. It was to be propelled now not by Indian oars, but by paddleboards

         at the stern powered by a lighter, more compact engine devised by Voight. The new engine raised steam by heating a grillwork

         system of tubes in an 18-inch cylinder, an invention that saved three and a half tons of brickwork on the conventional boiler.

      


      Everything came together on April 16, 1790. The wood fire blazed, the steam rose, the boiler held, the pistons churned, the

         paddleboards dug into the water at 76 strokes a minute, the boat shook and shuddered and Fitch and Voight moved euphorically

         upstream. They outpaced several large sailboats and strongly manned rowboats. Fitch exulted: “We reigned Lord High Admirals

         of the Delaware; and no other boat in the River could hold its way with us. . . . Thus has been effected by little Johnny

         Fitch and Harry Voight one of the greatest and most useful arts that has ever been introduced into the world; and although

         the world and my country does not thank me for it, yet it gives me heartfelt satisfaction.” On the second Sunday in May of

         1790, they risked inviting passengers. The Gazette of the United States reported from Burlington, New Jersey, upriver from Philadelphia on the way to Trenton, that “the ingenious Mr. Fitch accompanied

         by several gentlemen of taste and knowledge in mechanics came from Philadelphia in three hours and a quarter with a head wind,

         the tide in their favor.” On their return, they proceeded down the river by accurate observation at the rate of “upwards of

         seven miles an hour.” Fitch next showed off in front of Water Street, Philadelphia, for the benefit of the governor and council

         of the state, and on the fine day of June 16 gave them all a ride. In a measured trial, a speed of eight miles an hour was

         recorded.

      


      That summer Fitch’s company ran services between Philadelphia and Bordentown, traveling 2,000 to 3,000 miles altogether at

         from six to eight miles an hour. They did the 38-mile run to Trenton in an hour and a half. This was faster than by sail,

         though still somewhat slower than a fast stagecoach on the good roads alongside the river, so they competed by charging half

         the price and served beer, sausages and rum in a pretty little cabin.

      


      Alas for our heroes, the Delaware traffic was too little to sustain the undercapitalized company. Tradespeople were conservative,

         not yet ready to risk their persons or their goods to madcap modernity. It cost Fitch 30 shillings to carry people from Philadelphia

         to Trenton, Bordentown, Bristol and Burlington, but there might only be seven passengers paying a total of 20 shillings. There

         was little room for freight. Fitch had made what turned out to be a very good estimate of the profits that would accrue carrying

         120 tons of cargo steaming the Mississippi “from New Orleans to the Illinois,” but he was confined to Philadelphia, where

         he had raised his capital. Instead of retreating from the Delaware, however, he worked on a bigger, faster boat, aptly named

         the Perseverance. A storm wrecked it on its moorings in October 1791.

      


      His little company bickered endlessly about what to do next, but two important observers had watched Fitch. One was a rich

         landowner aged 35, John Stevens (1749-1838), of whom more in a moment. The other was Aaron Vail, an American diplomat home

         from service in France. Vail won Fitch a French patent, and in the spring of 1793, Fitch sailed joyously for France—straight

         into the adventures and misadventures of Voltaire’s Candide. Instead of building his boat, he was caught in the turmoil of

         the French Revolution, staring in horror at Dr. Guillotine’s daily work. Vail sent him to England to see if he could buy an

         engine from the Birmingham factory of Boulton and Watt. He was refused an export license, and the English blockade of France

         cut him off from his sponsor.

      


      Fitch came home to further frustration. He expected to claim 1,600 acres of land he had at much risk secured by government

         warrant and recorded in his own name. The Indians who had held him captive 12 years before had finally been subdued, but his

         land along the Ohio was occupied by squatters. Fitch had no money to argue his ownership in court. He worked on a little model

         steamboat, three feet long, with paddle wheels and brass machinery “polished in a neat, workmanlike manner,” but his dreams

         crowded mockingly in. Lonely and embittered, he drank copiously. He saved up opium pills prescribed for insomnia, and one

         summer night at the age of 55, he swallowed them all, precisely right in his dying prediction: “The day will come when some

         more powerful man will get fame and riches from my invention, but no one will believe that poor John Fitch can do anything

         worthy of attention.”

      


      Rich John Stevens was such a man, as different from Fitch as imaginable. He was an arrogant and rigid patrician; he insisted

         all his life that his wife call him Mr. Stevens. His Hudson River estate at Castle Point, most of what is now Hoboken, New

         Jersey, was staffed with slaves and furnished with elegant pieces from Europe. He was an epicurean and a dandy, but he had

         a law degree and he was an avid reader of scientific papers. After he had seen Fitch’s boat on the Delaware near Burlington,

         he had hurried to Philadelphia to inspect it. He could easily have backed Fitch, but he was a snob. He fancied himself an

         inventor (with some justification in both steamboats and railways) and he never had the slightest scruples about stealing

         other men’s work without giving them any credit. While Fitch was running his ferry in 1789, Stevens, with no vessel to his

         name, had tried to suborn the New York legislature to transfer Fitch’s rights to him. He had failed and Fitch’s rights ended

         up, on his death, with a man even more powerful and cunning than Stevens: Stevens’s brother-in-law, Robert Livingston (1746-1813).

         Livingston was a technical nincompoop whose vanity as an inventor outran his competence, but as a fixer he was in an Olympian

         class. He was one of the leaders of revolutionary America, variously a judge, chancellor of New York, a congressman and a

         diplomat; it was Livingston as chancellor who administered the oath to George Washington on Wall Street, New York, in 1789

         and set the United States on its course. He had no difficulty persuading the New York legislators to give him Fitch’s 20-year

         license for the Hudson in 1798, winning a monopoly on the promise that by 1802 he would run a steamboat “on new and advantageous

         principles” with a minimum speed of four miles an hour against the ordinary current of the Hudson. Despite Fitch’s example,

         the promise seemed so fanciful to the legislators that they indulged Livingston in a gale of amusement.

      


      Livingston formed a triple alliance: with Stevens, who understood mechanical matters but did not have the skill to make anything

         with his own hands, and with Nicholas J. Roosevelt, the son of a New York shopkeeper, who did have the craftsmanship and mechanics

         from England in his foundry at Belleville, New Jersey. It would have been a perfect coalition if Livingston had not persisted

         in his genius for throwing a monkey wrench in the works. He treated engineers, as historian James Flexner observed, like servants

         commanded to lay a table. He overrode Roosevelt’s scheme for paddle wheels vertically at the side in favor of horizontal wheels.

         The result was a vessel called the Polacca, which in March 1799 wheezed out three miles an hour in still water before its boiler sprang a leak. It had to be abandoned—nine

         full years after Fitch’s Delaware triumph. If he was to keep his license, Livingston would have to find a technical genius—and

         someone not cowed by his arrogance.

      


   











      Robert Fulton (1765-1815)


      His passion was to blow up warships, but his enduring triumph was in the peaceful art of commerce, the creation of the world’s

         first successful steamboat services

      


      When Fitch was experimenting with his paddleboat on the Delaware, 20-year-old Robert Fulton was only a block away from the

         river, painstakingly arranging wisps of someone’s hair in a decorative locket. He had learned the craft of painting miniatures

         from an immigrant English jeweler at the corner of Second and Walnut Streets, and now had his own little studio on Front Street.

         He was dexterous, focused and meticulous; it helped his little business that he was also graceful and charming, in appearance

         a sexually ambiguous Adonis with dark tumbling curls. It is more than likely he saw Fitch’s boat in 1786. He certainly could

         not have avoided hearing about it. Whatever, his youthful aspirations were artistic, not mechanical or commercial, and when

         he did take an interest in steam navigation he took his time. He is the tortoise of the steamboat race.

      


      Fulton was only eight when his father died just before the outbreak of the Revolutionary War. He was a tailor in Lancaster,

         Pennsylvania, who tried farming, lost everything and came disconsolately back to his first trade. Fulton was brought up in

         genteel poverty. His mother managed to have him taught by a Quaker builder-cum-schoolmaster. He frequented William Henry’s

         famed Julian Library in Lancaster, where he browsed on publications like Ward Young’s Mathematical Guide, Mott’s Treatise on Mechanical Powers and The Gentleman’s Magazine. He also hung around Lancaster’s gun shops as they hammered out rifles for Washington’s army, developing a fascination with

         the manufacture of instruments of death that was his life’s abiding obsession.

      


      It was another pattern in Fulton’s life that he was desperate to avoid the poverty that had been visited on his mother, and

         that money came rather mysteriously to him at difficult times. From youth to middle age, he attracted benefactors, usually

         older men captivated by his looks and by his intelligence, especially as it manifested itself in his unabashed appreciation

         of their own virtues, but their identities were not always clear. Nobody quite knows who gave him the money to put down on

         an £80 sterling farm for his mother in 1786, nor how he found the wherewithal, when he began spitting blood, for his sojourn

         the same year in the spa at Warm Springs, Virginia (now West Virginia), nor the source of the 40 guineas (the equivalent of

         $210) he took with him on his paid passage to London in the summer of 1786. Nothing like this kind of money was to be found

         in miniatures.

      


      Before he sailed, someone in Lancaster had given him a generous introduction to the Lancaster expatriate Benjamin West, who

         had been a court painter to King George III. The kindly West and his wife, Elizabeth, took him into the bosom of their family.

         West found him cheap lodgings, offered appraisals of his art and introduced him to men of rank and learning. Fulton charmed

         them all. Their enjoyment of him did not extend to paying him to paint their portraits, so he had to eke out his money, borrowing

         and begging as he went along. Only four years later, in 1790, did he feel able to tell his mother what it was like: “Many,

         many a silent, solitary hour have I spent in the most profound study, anxiously pondering how to make funds to support me.

         . . . Thus I went on near four years, happily beloved by all who knew me, or I had long e’er now been crushed by Povertie’s

         cold wind and freezing rain.” In his fifth year, he told his mother he had eight works accepted by the Royal Academy “with

         every posable mark of Approbation.” In fact, the academy accepted two, and the melancholy theme of these paintings reflects

         a mood of morbid expectation—Mary, Queen of Scots under confinement and Lady Jane Gray the night before her execution. The

         truth was he was living off his friendships.

      


      At 25, Fulton was presented with a morally tantalizing opportunity, an invitation to accept the patronage of a pariah of society,

         the scandalous young Viscount William Courtenay of Powderham Castle in Devonshire. Courtenay, later the ninth earl of Devon,

         was a racy figure, a transvestite referred to as “Kitty” in a notorious sodomy case; in 1811 he was to flee to New York, where,

         a mid-19th-century biographer says, “every door was closed against him except that of Fulton.” The handsome Fulton risked

         the gossip to go and live at Powderham. He stayed three and a half years. He was soon bored with preserving Courtenay’s features

         for posterity, copying famous works of art and hunting the countryside for more titled foxes. Sometime in Devon he confronted

         the reality he could never admit to his beloved mother: He would never make his way as an artist. He was proud, but he could

         confront his limitations because he had the audacious certainty that he was destined for greatness if only he could find the

         key to the door. He watched workers cut marble at a quarry on Courtenay’s estate and straightaway invented a mechanical saw;

         it won a gold medal. His host was a promoter of a canal to link the Bristol and the English Channels. Very well, Fulton would

         come up with a superior solution to the principal problem of a canal, the change in gradients.

      


      The chairman of Courtenay’s company was the inventive third earl of Stanhope, Charles Mahon, an irascibly brilliant aristocrat.

         His plan called for a series of locks, flooded and gated chambers to raise or lower vessels when water levels changed. In

         a letter of November 1793, Fulton sketched an alternative scheme, not original but vividly expressed, for dispensing with

         the expense of constructing locks. Small canal boats with wheels would be pulled up inclined planes by a falling counterweight.

         “Should your Lordship be so kind as to favor me,” entreated Fulton, “One hundred Pounds would put me in Motion.”

      


      Stanhope said no. It is a mark of Fulton’s adventurous American spirit, conceit if you like, that he was not in the least

         put out when the earl added that the young man did not know what he was talking about: “I doubt whether you will do well to

         pursue Mechaniks at present as a Profession.” Their encounter was the beginning of a long, stimulating relationship in which

         Fulton’s surf beat against the sand dunes of Stanhope’s scientific skepticism. Fulton spent the next two years proving Stanhope

         wrong on canals. To refine his ideas, he went to Manchester in northern England, the focal point of the canal mania gripping

         the country and the center also of political and social reform in aristocratic Britain. He soaked up the ferment of humanitarian

         ideas bubbling from new friends younger than himself: Robert Owen dreaming of the industrial utopia that would make him famous,

         and the poet Samuel Coleridge. Fulton adopted an elevated vision of technology as the salvation of mankind. The 158 pages

         and 17 engravings of his A Treatise on the Improvement of Canal Navigation (1796) vaulted over Stanhope’s niggles with nothing less than a plan for the transportation needs of the whole world. The

         essence of it was to conceive of canals as capillaries rather than arteries. He envisaged boats of low tonnage on networks

         of small canals connecting scores of communities rather than a few. They would be cheap to build with a ditch-digging machine

         of his invention, and less restricted by terrain because he had devised prefabricated aqueducts to cross valleys and the machinery

         to pull small boats up hills: The counterweight on his inclined plane would be huge buckets of water dropped down a vertical

         shaft and emptied at the bottom so they could easily be pulled up again.

      


      The treatise won a royal patent on June 3, 1794. It marked the metamorphosis of Fulton, artist, to Fulton, civil engineer.

         The talents he had perfectly suited the new career he had found for himself. He was skilled enough to make a drawing in scale.

         He had an intuition for mathematics so he could calculate the feasibility of an idea. His ability to translate his spatial

         visions into sketches and precise specifications meant that others could fabricate them: Several of his aqueducts from prefabricated

         parts were built. The sketches were promotional gold; they had such an air of reality they made it look as if a scheme were

         already up and running.

      


      Fulton veered between advocating his canals as an altruistic public service the state should subsidize and a project for private

         enrichment. He sent his treatise to George Washington, elaborating the public benefits, and tried to interest Stanhope. Alas,

         the earl had the disdain of the already rich for those who want to eat while coming to the rescue of humanity. He recoiled,

         but he confided his hopes of building a steam warship of 200 tons for the British navy, and the eager Fulton said he, too,

         had “some ideas” for steamboats. What he had done was fool around sketching a model boat in which a paddle at the stern mimicked

         “the spring in the tail of a Salmon.” He sent Stanhope a crude drawing and on November 4, 1794, he wrote to the English engine

         makers Boulton and Watt asking the price of a rotary engine of three or four horsepower “which is designed to be placed in

         a boat.”

      


      Boulton and Watt never replied, and Fulton’s imagination was—as always—too fertile to be put on hold. He convinced himself

         that revolutionary France would be a better arena for “the adventurer armed with fortitude,” as he now described himself,

         and ripe for a national network of his small canals. Fulton arrived in Paris in the springtime of 1797, halfway through the

         corrupt, futile post-terror regime called the Directory, crossing the channel during a temporary break in the wars with England.

         He stayed at a pension on the Left Bank and for the first time a woman other than his mother entered his life. He fell in

         love with another guest, a vivacious and daring older woman in her 40s. This was Ruth Barlow, the wife of Joel Barlow, the

         wealthy American entrepreneur, poet, aesthete, voluptuary, intellectual and diplomatic troubleshooter who was away in Algeria

         negotiating the release of Americans captured by Barbary pirates (charismatic to the end, he was to die retreating with Napoleon’s

         army from Moscow). There was no need for subterfuge about the intense relationship that developed between Fulton and Ruth.

         On the contrary, Joel and Ruth were not unused to sharing lovers. When Barlow returned, they both took the dashing 31-year-old

         Fulton to their bosoms, and then to live with them in a grand mansion by the Jardin du Luxembourg. It was a ménage à trois

         shocking to New England sensibilities but not seen as much of an innovation in Paris; after all, the French had long ago fashioned

         the phrase.

      


      The French were not in the mood for Fulton’s canal schemes. War was the raging obsession. Fulton, ever the opportunist, came

         up with another grand vision in which his moral and his mercenary impulses cohered. The moral vision was the creation of a

         prosperous new world order based on free trade. In 1793 in Devon he had witnessed the massing of British warships at Torbay

         for war with Napoleonic France and he genuinely hated the war’s subsequent toll on commerce, industry and civil liberties.

         The new world order he called for demanded liberty of the seas, to which end he offered to annihilate the most powerful navy

         in the world. (“Make no small plans” might have been a phrase specially minted for Fulton.) With money from a Dutch patron,

         he invented Nautilus, a submarine disguised as a boat, very much based on David Bushnell’s American Turtle, and a mine he

         called a torpedo that could be placed against warships. On November 9, 1799, a coup d’état overthrew the Directory and installed

         Napoleon as first consul. Fulton offered his submarine and mine to Citizen General Bonaparte’s ministers, asking £160 for

         each gun on any big British ship he destroyed. To show it off, he wriggled into his 20-by-5-foot tin tube on June 13, 1800,

         and, with a companion, plunged it under the Seine in two dives of around 20 minutes each. On September 12, this James Bond

         of innovators risked his life again, making an abortive attack on two English brigs anchored off Cherbourg. In 1801 the French

         treasury put up a token sum ($2,500), but Fulton found it too hard to navigate the Nautilus underwater and in August he resorted

         to three longboats carrying mines he intended to place against British ships. The British were too alert, and once again he

         had to abort the mission.

      


      Fulton was still dreaming of sea warfare when he finally caught up with his destiny, or rather his destiny caught up with

         him, in 1802. The Barlows entertained on a splendid scale in their mansion. It was a place where the top people mingled—assorted

         members of the Directory; the Marquis de Lafayette; Napoleon’s foreign minister, Prince Charles de Talleyrand; the Montgolfiers

         of ballooning fame; Count Constantin de Volney; and the most prominent expatriates, including the revolutionary hero Tom Paine.

         At one of the Barlow dinners, Fulton had alarmed Talleyrand by rhapsodizing about boats moved by steam. “I was overwhelmed

         with sadness,” recalled Talleyrand, “for I could not but feel he was mad.” At a dinner party thrown in February or March 1802—nobody

         was ever sure of the date—one of the Barlows’ guests was the newly arrived U.S. minister plenipotentiary, one Robert Livingston.

         He had been sent to Paris by President Jefferson to negotiate with Napoleon for the right of American vessels to sail the

         lower Mississippi, territory then owned by France. Livingston was 55 now, hard of hearing and out of sorts, and frustrated

         by the intrigues at Napoleon’s court: He spoke no French. It was a relief to fall into conversation—in English—with the courteous

         Fulton, who bubbled with enthusiasm. It was one of history’s most critical one-on-one meetings. Livingston had got nowhere

         with his earlier dreams of a steamboat on the Hudson and he did not enjoy being regarded as an eccentric. (The French Academy

         of Science called the steamboat “an insane idea, a gross blunder, an absurdity.” The church declared it a heresy: “In the

         beginning fire and water were separated by especial ordinance from the Creator, and man has no right to join together what

         He has put asunder.”) Fulton and Livingston happened to meet just when both were at a loose end, both dependent on Napoleon’s

         pleasure. By the time the carriages were summoned, the two “madmen” had a handshake to build a steamboat together.

      


      Fulton was dizzy with excitement, but he dealt coolly enough with the imperious Livingston. He talked a great invention, blinding

         the older man with his engineering know-how, his vigor and his dexterity with mathematics. The role he loftily consigned to

         Livingston was to find a way around the British export laws to get a Boulton and Watt engine to Fulton’s specifications. Fulton

         had no intention of spending his intellect inventing a steam engine as Fitch, Stevens and Livingston had done. Why bother

         when Watt and Boulton had a whole factory doing that? Fulton was not concerned with being original. Innovators don’t have

         to be original. They have to be effective. Fulton had no compunction about taking bits and pieces of ideas from everyone.

         He had the same attitude in borrowing from David Bushnell for his Nautilus. He wrote a perceptive passage that applies to

         so many innovations, then and now: “As the component parts of all new machines may be said to be old . . . the mechanic should

         sit down among the levers, screws, wedges, wheels, etc. Like a poet among the letters of the alphabet considering them as

         the exhibition of his thoughts; in which a new arrangement transmits a new idea to the world.”

      


      Fulton sat down among the plans and specifications of everyone who had tried to make a steamboat: Fitch first of all, James

         Rumsey, John Stevens, New Hampshire’s Samuel Morey, the Scotsman William Symington and early French failures. He attempted

         to sift every bit of research with the aim of identifying engineering principles. From the first, he aimed to design a fairly

         large steamboat that would carry enough people and cargo to pay its way on the Hudson and be still more profitable on the

         Mississippi. He even commissioned a model from the celebrated instrument maker Etienne Calla.

      


      So much for calculation. For inspiration, Fulton borrowed Ruth from Joel. On a lovely spring day early in April 1802, he sat

         Ruth by his side in a phaeton drawn by white ponies and jogged off with her to the fashionable spa of Plombières in the Vosges

         Mountains. The two of them were there for the whole season, abandoning both Joel and Livingston in Paris.

      


      It was a strange thing to do. Ruth and Robert found relief in dancing and riding; he read to her in her bath. Joel, left to

         oversee the model, was happy enough indulging in passion by proxy. He amused himself writing the absent couple long erotic

         letters salivating in childish language about Ruth “foolin’ with toot.”

      


      Livingston, fretting at Napoleon’s court, was not amused. The putative partners, who had no formal agreement yet, had strong

         reasons to combine, but relations were edgy. Livingston was a natural controller of others, Fulton a proud free spirit. He

         gambled on testing Livingston’s patience because at this stage he had still not given up hope of selling naval warfare to

         the French (or any other taker), and he reckoned Livingston needed him more than he needed Livingston. Calla’s model arrived

         at Plombières at the end of May. It was three feet long, eight inches wide. Fulton stopped up a small stream to make a 66-foot

         pond—a forerunner of the modern testing tanks—and systematically timed various arrangements of paddleboards, screw propellers,

         sculls and chains. Josephine Bonaparte and her little coterie were amused to see a grown man playing around with a clockwork

         boat for hours and hours. Quel enfant!


      Fulton settled on side wheels like the waterwheels in a flour mill. Again, he was not much concerned with originality. “Although

         the wheels are not a new application,” he told Livingston, “yet if I combine them in such a way that a large proportion of

         the power of the engine acts to propel the boat in the same way as if the purchase was upon the ground, the combination will

         be better than anything that has been done up to the present and it is in fact a new discovery.”

      


      On his return to Paris, Fulton had a difficult negotiation with Livingston before the two finally signed a partnership on

         October 10, 1802. This memorable agreement committed Fulton to building a 120-by-8-foot boat in New York to carry at least

         60 passengers to Albany. Livingston was to provide the cash for a prototype and the political clout to protect the New York

         monopoly, Fulton the design and management and they would share the profits. If the project failed, Fulton had to return to

         Livingston half his investment.

      


      The partners agreed to build a prototype in France for a trial on the Seine in 1803. Livingston’s efforts to get an engine

         from Britain failed, so Fulton risked leasing an engine and boiler in Paris. The boiler blew up. They leased another and by

         mid-May 1803 had installed it in a 75-foot boat at dock in the Seine. On the stormy eve of the attempt, there was a loud banging

         on Fulton’s door: “A messenger awakened me from the docks exclaiming, ‘Oh, sir, the boat has broken in pieces and gone to

         the bottom.’ I felt a greater despondency than I had ever known before.”

      


      Perhaps, as some papers reported, it was sabotage by jealous boatmen. Maybe the cumbersome makeshift low-pressure engine was

         too heavy for the structure. The distraught Fulton rushed down to the river through the rain without bothering to put on a

         coat. He worked all night and all day, without pausing for food or rest, exhausting himself to recover the engine from the

         river bottom.

      


      They were ready again by August 9, 1803. A French newspaper reported: “At six o’clock in the evening helped by only three

         persons he put the boat in motion with two other boats in tow behind it, and for an hour and a half he afforded the strange

         spectacle of a boat moved by wheels like a cart, these wheels being provided with paddles or flat plate, and being moved by

         a fire engine.” Fulton’s boat puffed along the Seine at about three miles an hour. It was, said the Journal des debats, “un succès complet et brilliant.” The speed was a fraction of the 16 miles an hour Fulton had hoped for, but it was a promising

         debut. Yet now, with success foreseeable, a curious thing happened.

      


      Nothing.


      More specifically, the partners lost their concentration on the steamboat. Livingston pulled off a coup in the talks with

         Napoleon. He seized the chance for the United States to buy 565 million acres of what is now America at less than three cents

         an acre. The Louisiana Purchase he negotiated (along with James Monroe) doubled the size of the United States, and Livingston

         went exultantly back to his New York estate to breed merino sheep. For his part, Fulton took a roundabout route to London,

         arriving there in May 1804. He would stay there two and a half years.

      


      Fulton’s return to England came about after he had been approached in Paris by a certain Mr. Smith, who was a secret service

         agent for William Pitt’s government. In England, Fulton himself assumed the alias Robert Francis to thwart Napoleon’s spies.

         Disappointed by the French, he was now dedicated to blowing up their navy on behalf of their English enemies, for a fee. (So

         much for blowing up the British navy on behalf of free trade.) The fee he looked for was a small fortune for every French

         ship he blew up—and permission for Boulton and Watt to make a steam engine to his design. (Pitt agreed to that, though not

         to an export license.) Fulton’s marine warfare was tried in raids on the French fleet at Boulogne and Calais, and for show

         he blew up a brig in Dover. But the adventure ended in bad blood. Admiral Horatio Nelson was the nemesis. His English fleet

         defeated Napoleon at Trafalgar in October 1805, assuring England of supremacy at sea, and Pitt abandoned “Robert Francis’s”

         scheme for submarine warfare. Fulton was furious. His pent-up frustration betrayed the cynicism that was always suborning

         his idealism. He tried to blackmail the British with the threat that he would sell his explosive devices to an enemy. He finally

         settled on a payment of £12,000, or about $60,000. He did so with much petulance, but it was ample to ensure a comfortable

         living—and as a bonus the British government also sanctioned the export of the precious engine.

      


      Still, Fulton was simply in no hurry to get on with the steamboat. The stereotype of the single-minded innovator succeeding

         by perseverance just does not fit Fulton. He was easily distracted. The steamboat was within reach, but in a letter to Barlow

         he said it was “half as important as the torpedo system.” And then there was love. He enjoyed again a ménage à trois with

         the Barlows, who had moved to the elegant No. 9 Bedford Square. Not until December 1806 did Fulton follow his engine to New

         York, a return to his native country after an absence of more than 15 years. The engine was waiting for him in the customhouse.

         The monopoly was due to expire in four months, but Fulton went off to Philadelphia for a month with the Barlows and kept Livingston

         in suspense.

      


      Livingston won an extension of two years on the Hudson license, but Fulton became excited by an even more glittering prospect.

         Livingston’s acquisition of Louisiana and the Floridas, and with them navigation rights on the Mississippi, threw open the

         West for settlement and trade. If they could only succeed on the Hudson, they could dominate trade with the West. A reenergized

         Fulton rallied the shipwrights at Charles Browne’s shipyard on the East River. His tall, elegantly dressed figure could be

         seen every day down among the beams with the craftsmen, cheering them on with his zest and good humor, his readiness to listen

         to them and redesign details on the run. The language of the onlookers, on the other hand, Fulton wrote, was “uniformly that

         of scorn, or sneer or ridicule.” By early summer he had installed the engine and two 15-foot circular wooden paddle wheels

         in a long narrow boat, 146 feet long by 12 feet wide with a 15-foot smokestack, altogether two and a half times the size of

         Fitch’s boat. It made the river men laugh even more—everyone knew the Hudson needed an oversize gaff rig and broad beam. They

         called his boat Fulton’s Folly. “Never,” wrote Fulton, “did a single encouraging remark, a bright hope or a warm good wish,

         cross my path.” He cheered himself by blowing up a derelict brig at anchor in the waters off the Battery. Even as the climax

         of the steamboat neared, he could not shake his obsession with marine warfare. He beseeched President Jefferson to be ready

         to do to the British navy what Fulton had hoped the British would do to the French (or the French to the British, depending

         on the season). Jefferson sent a naval delegation to watch.

      


      Finally, on August 9, four years to the day since his Seine test, Fulton tried out his incomplete boat on a short trip. He

         achieved three miles an hour. Noting the strength of the axles at full power, he had more than doubled the size of the original

         three-feet-by-eight-inch paddleboards. He told Livingston, “Whatever may be the fate of steamboats for the Mississippi, my

         thing is completely proved for the Mississippi and the object is immense—please forward me 1,000 or 1,500 dollars as soon

         as possible.” Biographer Kirkpatrick Sale’s calculation is that both men put about $10,000 into the boat. They could not raise

         interest in anyone else they approached.

      


      The plan for the debut voyage to Albany was to steam first to Livingston’s vast estate 110 miles upriver, rest the night and

         complete the final 40 miles the next day. The big day was Monday, August 17, 1807. No paying passengers were invited, just

         a small group of friends and Livingston relatives. The city’s newspapers were above this nonsense; only one carried a small

         announcement of the attempt. Fulton’s Folly attracted a gaggle of spectators to the North River wharf in little Greenwich

         Village to watch the adventurers. The men boarding were elegant in spotless ruffles, the ladies in fine bonnets. The historian

         James Flexner says they gave off an air of sophisticated disdain, representing as they did the most powerful political and

         social force in New York State, but Fulton himself writes: “There was anxiety mixed with fear among them. They were silent,

         sad and weary. I read in their looks nothing but disaster, and almost repented of my efforts.”

      


      Around 1 p.m., Fulton shouted his orders to his English engineer and his captain. The paddle wheels splashed and Clermont moved away from the wharf—and then it stopped. “I elevated myself upon a platform,” Fulton wrote. “I stated I did not know

         what the matter was, but if they would be quiet and indulge me for half an hour, I would either go on or abandon the voyage

         for that time. I went below and examined the machinery, and discovered that the cause was a slight maladjustment of some of

         the work. In a short time it was obviated.” The boat moved off again up the Hudson—and kept going. Black smoke from the engine,

         then fired by coal rather than wood, trailed like a triumphant banner all the way upriver to nightfall. Candles were lit in

         the cabins; the ladies tried to sleep on improvised cots, the men on the vibrating deck. Flexner paints a pleasing picture

         of Fulton standing alone on the bow gazing at the stars far from his earthly strivings for “money and fame and social position

         and love, all the prizes for which he had struggled so painfully and long.” Next morning, the boat was still steaming steadily

         north, a plangent volcano coughing smoke and sparks. One rustic reportedly rushed home, locked the doors and shouted that

         the devil was going up the river in a blazing sawmill. Fulton’s first biographer, his friend Cadwallader Colden, says crews

         on other boats on the river “prostrated themselves and besought Providence to protect them from the approaches of the horrible

         monster.” The passengers aboard the monster were merry as they steamed through the Highlands; the ladies and gentlemen of

         the Fulton and Livingston families, both of Scottish heritage, gathered in the stern just a few feet above the rushing water

         and regaled the woodlands with “Ye banks and braes o’ bonny Doon.”

      


      Fulton dropped anchor at Clermont at 1 p.m. on August 18, 110 miles in 24 hours, a little faster than the license required.

         He was emotionally spent; Livingston stood on deck and gracefully congratulated his partner as an inventor whose name would

         descend to posterity as a benefactor of the world. Livingston averred that before the end of the century it was “not impossible”

         that vessels might make the voyage to Europe solely on steam. Then he is supposed to have added extra bubbles to the champagne

         with the announcement that Fulton was to join the Livingston family: Livingston’s cousin Harriet had accepted his proposal

         of marriage. (It is more likely that he met Harriet for the first time on arrival at Clermont and the betrothal was months

         later.) Harriet was 25, a harpist and painter, and rich, and Fulton was 42, heading for riches. He was no doubt still in love

         with Ruth Barlow, but his marriage to Harriet in 1808, duly consummated, was a neat emotional knot in a partnership of mutual

         commercial interest. Livingston’s license would have been forfeit without Fulton, but without Livingston’s license Fulton

         would have been unable to launch any steam vessel on the Hudson. Fulton could not even prevent others from copying his steamboat;

         he did not possess a patent until 1809, and then shakily.

      


      The Clermont steamed off again the next morning, arriving at Albany at 5 p.m. The trip had taken 32 hours at an average speed of nearly

         five miles an hour. By comparison, trips from New York City to Albany by sail could take three to nine days depending on the

         vagaries of the wind. For the return trip on August 21, Fulton attracted five paying passengers willing to risk the widespread

         expectation that the boiler would blow up. They arrived back in New York City in two hours’ faster time, overtaking many sloops

         and schooners, and were cheered along the riverbanks. At West Point, the corps of cadets of the newly established U.S. Military

         Academy turned out to watch.

      


      Two weeks after the maiden voyage, Fulton advertised the first trip north for paying passengers, hired a cook and waiter,

         and stocked up on beef and chicken, eggs, watermelon, sugar, rum and brandy. He ran a schedule of two round trips a week.

         Each trip attracted more passengers; by October 1 there were 60, and on a November trip the vessel was overcrowded, with more

         than 100 people onboard. That month, with ice impeding travel, Fulton set about rebuilding and enlarging his boat with “three

         excellent cabins or rather rooms, containing 54 berths with kitchen, larder, pantry, Bar, and steward’s room.” Fulton’s imagination

         was complemented by a pragmatic temperament. As a painter under instruction he had got used to painting over and reworking

         canvases. So, too, in his career as an innovator. For all his proud attempts to be scientific about the steamboat, the calculations

         for the Clermont had misled him: The flat-bottomed original boat was so narrow as to be unstable. The rebuilt version was five feet wider.

         When jealous sloop captains made a point of running alongside in attempts to break off a paddle wheel, he built guardrails.

         There were frequent breakdowns, but because he had made meticulous notes and always kept his eye open when out on the water,

         he was able to trace and repair his errors. His steamboats were always a work in progress.

      


      The speed Fulton had attained with the Clermont was fast enough to retain the New York license, fast enough to compete with the river sloops, but slower than Fitch had run

         his service on the Delaware. Weather and water conditions are hard to compare, but had the Lords of the Delaware been competing

         on the Hudson on that maiden voyage, Fulton would have been 52 miles behind when Fitch and Voight reached Albany. Of course,

         their homemade engine might have failed, but Fitch and Voight traveled 2,000 miles in their first commercial season. It compares

         well with Fulton’s 1,200 to 1,400 miles before he laid up his boat in November after six weeks in operation.

      


      So why did Fulton succeed where Fitch failed? For one thing, although the populations of New York and Philadelphia were comparable,

         the geography of New York favored the steamboat. The hilly, winding roads of the Hudson Valley were less amenable to competitive

         coaches than the roads along the Delaware. Technology was also particularly important. Not only did Fulton’s own design improve

         the Boulton and Watt engine, but he had the benefit of the nascent industrial revolution—nearly 20 years of incessant Yankee

         ingenuity in mechanics and advances in the quality of materials. Third, capital. Fitch was forever short of money, whereas

         Fulton and Livingston were able to invest for success. Fourth, the pragmatic Fulton’s personal gifts were superior, as a designer

         and organizer. And, fifth and very important, Fulton unashamedly ascended the steps laid by earlier generations. An innovator’s

         essential contribution may be to realize the promise of the known.

      


      The successes that distinguish Fulton describe an exponential arc. Fitch’s boat lost money, Fulton’s made it. They plowed

         the profits back into bigger and better boats to beat off competitors with the velvet glove of fancier service and the iron

         fist of lawsuits.

      


      In this manner, Fulton built and operated 21 successful boats and created a steamboat empire. Five years after the maiden

         voyage, the Fulton-Livingston interests operated eastern services on the Hudson, Delaware, Potomac and James rivers and Chesapeake

         Bay, and on the western rivers, the Mississippi and the Ohio. Fulton built workshops in New Jersey and a factory in Pittsburgh,

         at the head of the Ohio and a hotbed of steam engine manufacture. He and his associates set up Nicholas Roosevelt to build

         a steamboat to serve the entire length of the rivers from Pittsburgh to New Orleans with the benefit of a Fulton-Livingston

         monopoly license for the lower Mississippi. (Fulton ought to have attempted the Mississippi earlier, but in these last years

         of his life he was once again preoccupied with naval warfare. New York City and Congress, in the panic of the 1812 war, built

         a massive floating fortress to Fulton’s design, the precursor of steam warships. It worried the British enough for them to

         try to kidnap or kill Fulton; they staged an unsuccessful commando raid on a house where he had intended to sleep.)

      


      Roosevelt took the helm of the New Orleans (319 tons) in October 1811, as it churned out of Pittsburgh in an attempt to reach New Orleans, a maiden voyage of 2,000

         miles on which nobody in Pittsburgh dared book a passage. Low water on the Ohio delayed him for days at Louisville (where

         his wife, Lydia, gave birth to a son). There was only five inches’ clearance when Roosevelt risked the plunge into the rapids

         below the city, then, as they neared the Mississippi, the first of the New Madrid earthquakes struck. The Mississippi floodwaters

         forced the Ohio to drain backward. Still they continued. They steamed on a vast, featureless muddy lake surrounded by a flooded

         forest out of which shot a large Chickasaw Indian war party paddling furiously toward them. Roosevelt released the safety

         valve on the steam and the New Orleans gradually outran the screaming Indians in a manner that would have given joy to John Fitch. It was with much relief that

         Roosevelt docked in New Orleans on January 12, 1812. His actual steaming time was 259 hours at just over eight miles an hour.

         It was a triumph, but he realized his boat did not have the power to ascend the river with all its risks; she operated between

         the Gulf and Natchez until hitting a snag and sinking above Baton Rouge in 1814.

      


      Fulton never did manage to send a steamboat all the way from New Orleans to the mouth of the Ohio or to Pittsburgh, but his

         ambitions were limitless. He contemplated nothing less than his control of steam navigation throughout the civilized world.

         He sought from the Russian tsar the exclusive privilege of running steamboats between St. Petersburg and the nearby Baltic

         naval station at Kronshtadt, and made an agreement with an Englishman in India to introduce steamboats on the Ganges. He wrote

         to Thomas Jefferson in 1813 that in a few years he would have a line of steamboats from Quebec to Mexico and St. Marys.

      


      The Fulton-Livingston steamboat empire was altogether much more than an achievement of technology; in fact, technology was

         the least of it. The all-important initial engine, after all, was an import. The singular accomplishment was one of modern

         management. Single-handedly, Fulton ran what would now be departments of engineering, personnel (he quickly fired his first

         two captains), finance, law, public relations, promotion, marketing, advertising, training, research and development—and customer

         service. Among other things, Fulton began the tradition of glamour and hedonism we always associate with steamboats (and later

         transatlantic liners). He described his third boat, the Paragon, 170 feet long by 28 feet wide, as a floating palace with mahogany staircases, ornamental paintings and a sumptuous dining

         room for 150. His attention to detail and comfort was impressive: “The cabins,” he wrote in a magazine article, “are lighted

         by large skylights so as to be perfectly airy, and are elegantly furnished with carpets, looking glasses, etc. The meals are

         served on china. Every upper berth, except for a few near the wheels, has a large window, and each has a shelf for the reception

         of a hat and clothes. The curtains which are of fringed muslin with silk drapery are so contrived that the cornice to which

         they are fixed draws out, and thus forms a little closet in which a person may dress without being seen from the cabin.” He

         promulgated detailed rules: “As the comfort of all persons must be considered, neatness and order are necessary; it is therefore

         not permitted that any person shall smoke in the ladies’ cabin or the great cabin, under a penalty, first of one dollar and

         a half, and a half for each half hour they offend against this rule; the money to be spent in wine for the company.”

      


      Fulton’s last boat, Chancellor Livingston, was a fitting tribute to his partner, who had died in 1813. It was Fulton’s biggest and best, 526 tons, with huge cargo space,

         against the Clermont’s 100. He did not live to see the launching in 1816. Fulton badly missed Livingston, increasingly exposed as he was to the

         squabbling among Livingston’s heirs at a time when rivals were everywhere and the efforts were intensifying to challenge Fulton’s

         patent and break the Fulton-Livingston monopoly on the Hudson and the lower Mississippi. More important, perhaps the sagacious

         Livingston would have saved Fulton from humiliation in January 1815, when, as proof of his precedence in the use of side wheels,

         he produced in court in Trenton, New Jersey, a letter he said he had written to Lord Stanhope in 1793. It was a stunning moment

         when the opposing counsel held the paper to the light and revealed a watermark of 1796. Fulton survived the confrontation,

         with a brilliant peroration on his service to mankind from his émigré Irish lawyer, Thomas Addis Emmet, but he did not survive

         the sequel. At the time, the Hudson was partly frozen, the ferry to New York unable to reach the slip. A shivering Fulton

         filled in a dank three hours showing his companions round his workshop on the Jersey shore. Eventually, they reached the edge

         of the ice mass in a small boat. The burly Emmet’s weight was too much for the last few yards to the ferry on foot across

         the ice. He plunged into the freezing water. Fulton grabbed him by the arm. The lawyer was rescued, but the price for Fulton

         was pneumonia, from which he died on February 23, 1815. New York bestowed his name on a street and a market, and the world

         paid homage to “the inventor of the steamboat.” He was less than that—and much more.

      


   











      Oliver Evans (1755-1819)


      Few have heard of him, but it was this farm boy who first got America moving with his high-pressure steam engine


      Trick questions:






      	Who created and installed the world’s first automatic production line?


      	Who built the first wheeled vehicle to move under its own power on American roads?


      	Who built the first amphibious vehicle?


      	Who designed and manufactured America’s first effective high-pressure steam engine for factories and steamboats?







      Trick questions because only one name is required for all four answers. One man introduced all these innovations at the dawn

         of the American republic: Oliver Evans. The country boy who grew up to look like a plump Lord Byron was a poet of mechanical

         principle. His automatic production line was in operation long before Henry Ford was born. He foresaw the age of the railway

         and the steamboat, and his high-pressure steam engine advanced America toward it. Evans is not a figure in the pantheon inhabited

         in the popular mind by Ford, Edison, Fulton and Bell, yet he was an original, the new nation’s first notable innovator.

      


      “A man’s useful inventions,” wrote Benjamin Franklin, “subject him to insult, robbery and abuse.” Evans collected all three.

         As a self-taught innovator who shared generously of his insights, he endured much from snobs, fools and thieves. The leading

         men in Philadelphia and Wilmington who could have done much to advance his ideas regarded him as a social inferior. John Stevens,

         the wealthy New Jersey landowner, realized that Evans could assist his own ambitions to build a steamboat, but when Evans

         let him have the details of his engine, Stevens went public with spiteful criticisms, partly in an attempt to claim priority.

         Evans was not saintly enough to take all this with a sweet smile. He had black moods of furious resentment and at times his

         tongue was provocatively sharp. His natural disposition, though, was kindly. He was obsessive but he would pause in his ceaseless

         experimenting to make toys for the seven children of his marriage to Sarah Tomlinson, a farmer’s daughter. He had a passion

         to bequeath the new generation the knowledge he had been denied. He educated a generation of mechanics with books on steam

         engineering and milling.

      


      The origin of Evans’s genius is a puzzle. He was imbued with a mechanical imagination but also an analytical mind that could

         translate ideas into practical machines. There was not a trace of this anywhere in his bloodline or upbringing. His father,

         originally a shoemaker by trade, was a descendant of a literary man, the spellbinding Welsh preacher Evan Evans (1671-1721),

         a pauper scholar at Oxford University who came to America to be the rector of Christ Church, Philadelphia; his mother’s side

         had Dutch and Swedish ancestry. None of Oliver’s seven brothers or four sisters showed any interest in scientific mystery.

         There were no machines on the 200-acre Delaware farm where he grew up during the Revolutionary War; the only books at home

         seemed to have been the Bible and a spelling guide. There were no free or public schools, but the clarity of Evans’s writings

         suggest he had a teacher of English and arithmetic, and by the time he was 14 he knew himself well enough to direct his speculative

         mind to practical matters. Until the U.S. Corps of Engineers (and later Military Academy) was formed at West Point in 1802,

         there was no school in America where an aspiring civil engineer—the term was unknown—might learn the elements of engineering

         or mechanical drawing or even hear of the latest inventions.

      


      Wheelwrights and millwrights were the engineers of the day. Evans apprenticed himself to a wheelwright and wagon maker in

         Newport, but every chance he had he studied whatever he could of mechanics and mathematics. His master begrudged the expense

         of a candle at night, so the apprentice did his reading by the flickering light of the day’s wood shavings. He kept his eyes

         and ears open, too. At Christmas in 1772, there occurred an incident that seems straight out of the mythology of great men,

         but it is in all Evans’s accounts of his work. One of his brothers told him about a blacksmith’s boy who had fun in the forge.

         The boy put water in a gun barrel, rammed down a tight wadding and then put the butt end of the gun in the smith’s fire. The

         compressed steam in the cylinder ejected the wadding “with as loud a crack as if it had been gunpowder.” To Evans it wasn’t

         a joke. It was evidence, as he supposed, of a previously undiscovered source of energy. “It immediately occurred to me that

         there was a power capable of propelling any wagon, provided that I could apply it; and I set myself to work to find the means

         of doing so.” He was all of 17.

      


      Perhaps if he had known more, he would have achieved less. He would have reconciled his excitement to the received wisdom

         about steam engines. He did not know that a young man destined for fame, James Watt, had considered and rejected high-pressure

         steam in favor of condensed low-pressure steam. He did not know that Cornish tin mines had been pumped free of water for 50

         years by a low-pressure steam engine, the critical strategic invention of an English country blacksmith, Thomas Newcomen.

         Nor did he know that two years before he was born, an engine like Newcomen’s had been set to work pumping a copper mine in

         New Jersey by an English immigrant. When someone gave Evans a book describing Newcomen’s engine, he was astonished—not by

         Newcomen’s brilliance but by the sense of missed opportunity—and he was unabashed in his reaction: “He’s doing it the wrong

         way!” He felt the same when he eventually heard about Watt’s 1769 English patent for an engine that would be a major improvement

         on Newcomen’s.

      


      The Newcomen and Watt engines were both low pressure. What amazed Evans was that the low-pressure engine failed to exploit

         all the energy of steam when it was heated and confined at the kind of high pressure that blew the wadding out of the gun

         in the smithy. The young Watt had been excited like Evans about the potential of superheated high-pressure steam; he had mentioned

         the potential of steam for driving a steam carriage on the common roads in both his patents of 1769 and 1784, but he had concluded

         that steam expanded by heat much beyond the boiling point of water would burst any conceivable container. Given the craftsmanship

         and materials of his day it was a sensible conclusion, but Evans, feeling his way in the dark, was neither discouraged by

         doubt nor stimulated by precedent. (Two other things he did not know were that the German engineer Jacob Leupold had incorporated

         a design for a high-pressure engine in his Theatrum Machinarium Generale [1723-39] and that in 1770, when Evans was 15, a French artillery officer, Nicolas-Joseph Cugnot, had used high-pressure

         steam to run a three-wheeled gun carriage, the world’s first steam tractor, albeit discarded as a failure.)

      


      Evans told anyone who would listen that a high-pressure engine could be half the size and weight of a low-pressure engine

         and deliver more power for half the fuel. His figures were a little optimistic, but the principle was sound. As early as 1778,

         he envisaged a high-pressure engine driving a paddle wheel boat as well as a wagon, predicting that a man then living would

         see the western waters covered with steamboats and that by steam power a child would be able to travel by land from Philadelphia

         to Boston in one day.

      


      The youthful Evans experimented with models, but to attempt the powerful engine of his dreams required tools and ironwork

         of a quality he could not obtain or afford to ensure safety, not least in the middle of the Revolutionary War so hotly fought

         nearby around the then American capital of Philadelphia. The difference between Evans and Watt was that for all his disappointments

         Evans never relinquished his faith in the feasibility of high-pressure steam. Of course, Watt was deflected by success. The

         partnership with Matthew Boulton of the Soho Works in Birmingham that made them both rich was for the production of low-pressure

         engines, and Watt remained convinced to the end of his long life that any man who tried to mobilize “strong steam” deserved

         a public hanging.

      


      At 22, Evans got a job in a textile factory, drawing wire from a bar of iron and bending it into one of the teeth in the textile

         cards by which snags were combed out of wool and cotton. Bored by the slowness of making teeth one by one, he contrived a

         machine to turn out teeth at the rate of 1,000 a minute, then 3,000. He sold the rights for $200.

      


      Around the time the British withdrew from Philadelphia, Evans opened a village store in 1782 on the Eastern Shore of Maryland

         at Tuckahoe. He and his younger brother Joseph were storekeepers for only a few months, but it was there, serving the farmers

         and millers, that he experienced an epiphany as significant as hearing about the corked gun barrel. He saw the methods by

         which millers turned wheat into flour and he was disgusted by the crudity, waste and dirtiness. A mill customarily employed

         four men and a “hopper boy” to clean, grind, cool, sift and pack. One strong man carried three-bushel sacks up ladderlike

         stairways and dumped the grain into a cylindrical “rolling screen” that freed the grain of its chaff and dirt. A boy raked

         the cleaned grain into a funnel or hopper leading to the second-floor millstones, driven by waterpower. The warm, moist ground

         meal was packed into buckets and hoisted to the third floor. It was spread out on the floor to cool and dry. A third man pushed

         the dried meal into a vertical chute. Gravity carried it into a cylinder covered in bolting cloth. Once sieved, the flour

         fell into a chest and a fourth man shoveled it out into barrels. In all this labor, dust was raised, grain was trampled underfoot

         and the flour quality was very mixed.

      


      Evans was excited by the notion that he could do all this automatically in one continuous process, untouched by hand—or foot.

         With two brothers, he took over an old mill in a pleasant vale on the bank of the fast-flowing Red Clay Creek, Newport. They

         worked in secret for two years. His ideas proved excruciatingly difficult to execute, and they had to open in 1785 as a conventional

         flour mill. The newly married Evans lay in his bed at night running over and again in his mind how devices might be contrived,

         how the whole process could be kept going. He recalled seeing a picture of a chain pump for raising water out of a ship’s

         hold. He could imagine lifting grain by the same principle in a series of small buckets fastened to a leather belt stretched

         over a lower and upper pulley. But how to lift and then disgorge grain without any human intervention was a problem of a different

         order. When finally a model functioned as he intended, he found it hard to get carpenters to translate sketch and model accurately.

      


      Once the endless bucket elevator worked, emptying its contents on the top floor, he set about devising a “hopper boy” to take

         the warm, moist grain from the buckets, spread it on the floor and gradually rake it into the bolting hopper. But how could

         a machine both spread and gather at the same time? It was like being challenged to rub one’s head and stomach in contrary

         motions. Evans wrote that it seemed absurd, “and the discovery caused months of the most intense thinking for the absurdity

         always presented itself to baffle and deter me.” Months was a masterly understatement; it was at least seven years before

         he completed his five devices, including a horizontal conveyer using an Archimedes screw for the first time to move solids

         and a “drill” to push the grain along a trough into gravity-driven descenders.

      


      The five devices were ingenious, but it was the manner of putting them together that was revolutionary. They constituted history’s

         first automatic integrated production line. This was a conceptual leap from a single automatic machine. The textile, nail

         and card wire machines coming into use did not represent continuous production; the processes were interrupted to supply materials.

         In Evans’s mill what went in as raw grain came out as smooth flour untouched by hand, and it was uncontaminated by hopper

         dust, footmarks or insects. A mill was no longer constrained by the number of three-bushel sacks of grain a man could carry

         on his back up a ladder. Evans’s elevator belt of circulating wooden buckets dealt with 300 bushels an hour. One man could

         easily do the work of five.

      


      It was a stupendous achievement. The economic advantages for all kinds of production became apparent only gradually, but for

         a miller the economic effects were immediately visible if he was prepared to open his eyes—something too much of an effort

         for the self-satisfied Quaker millers of Wilmington whose large mills lined Brandywine Creek. A committee of them condescended

         to come to Red Clay Creek. Evans took care to be working in a neighboring hay field so they saw a “ghost” mill working without

         human intervention. He thought it would convince them to adopt his machinery, but they reported the whole contrivance “a set

         of rattle-traps unworthy of men of common sense.” Evans explained the mechanisms in his book The Young Mill-Wright and Miller’s Guide, and his originality was recognized by the grant of state licenses from the legislatures of Delaware, Maryland, Pennsylvania

         and New Hampshire, the only real protection an inventor could expect before the federal patent act of 1790. Still the system

         was hard to sell.

      


      The turning point was in May 1789, when Evans himself traveled to see the four Ellicott brothers who had mills on the Patapsco

         River above Baltimore. They were progressive Quakers, a cut above the diehards on the Brandywine. Evans made a sale. Ellicotts

         used Evans’s methods to make 325 barrels of flour a day at the then huge total saving of $32,500 a year; the Brandywine millers

         and others followed in lucratively large numbers—100 by 1792. George Washington bought a $40 license, valid for one pair of

         millstones, to automate the Dogue Creek mill on his Mount Vernon estate.

      


      In 1791, all of 36 years old, afire with ideas and supporting a growing family, Evans moved to Philadelphia, one of the wisest

         things he ever did. It was the most culturally advanced city in America, full of skilled artisans. Evans opened a store with

         a blacksmith’s shop in an annex. He now had enough of his own money—$3,700—to try and turn his imaginings of 17 years into

         a versatile working steam engine. His machine tools were crude—a foot lathe to bore his cylinder, a drill and some blacksmith

         and brass-foundry equipment—but by 1802 the blacksmiths he hired had turned the idea of his youth into a stationary engine

         with a 6-inch cylinder, 18-inch stroke. In February 1803, readers of the Philadelphia newspaper Aurora were invited to visit Evans’s store to witness “a new Era in the History of the STEAM ENGINE,” which was Evans’s new engine

         driving a screw mill to grind and break 12 tons of plaster of paris in 24 hours. He also excited “much attention,” he tells

         us, by having his engine drive 12 saws in heavy frames to saw 100 feet of marble in 12 hours.

      


      All of this was achieved in the face of scathing denunciations by “experts.” Benjamin Henry Latrobe, the notable architect

         and professor of mathematics at the University of Pennsylvania, reported to the American Philosophical Society in Philadelphia

         that Evans’s ideas about high-pressure steam were absurd; the society rejected the attack, though it accepted Latrobe’s conclusion

         that steamboats would prove impracticable. In 1803 a group of entrepreneurs with more faith contracted for Evans to build

         an 80-foot steamboat for the Mississippi; Evans was sure the power of a high-pressure engine was best suited to overcome the

         strong currents of the Mississippi and the Ohio. In 1803 the engine was delivered to New Orleans for installation in the hull,

         but before the boat was ready a spring flood tide carried it half a mile inland. It was judged impractical to move engine

         and boat back, so the engine was taken out and put to good use in a sawmill.

      


      In 1804 Evans won a federal patent for his engine. He longed to show off the elephant’s tricks, and the Lancaster Turnpike

         Company offered a good target. It took the company three days to carry cargo the 80 miles from Lancaster to Philadelphia in

         six-horse Conestoga wagons. Evans told them he could build a steam wagon that would carry 100 barrels of flour, as much as

         five Conestogas, in only two days. He would thus triple their profits.

      


      The idea of steam on a turnpike startled the directors. The steam engines they knew about were low-pressure mammoths, heavy

         with brick ovens, iron pipes and pots. And something like that—if it were at all possible to put it on wheels—would simply

         frighten the horses. They rejected the proposal.

      


      Evans got his chance when the Philadelphia Board of Health wanted the docks dredged. In March 1804, he proposed using a steam

         engine he would make and mount on a scow 12 feet wide by 30 long with a chain of buckets to bring up the mud. His engine was

         compact, delivering five horsepower from a cylinder of only 5 inches and a piston stroke of 19 inches, but the vessel he built

         weighed 17 tons. How could he get it from his shed to the water a mile and a half away? By steam power, of course. Evans put

         wheels on his scow and on a July day in 1805, the doors of his workshop opened and the extraordinary machine trundled out,

         circled the waterworks building and drove straight into the Schuylkill River. The steam, at a pressure of 30 pounds a square

         inch (psi), that had driven the road wheels now drove the paddles of the scow, which steamed downriver, leaving all the sailing

         craft behind. Thousands of astonished spectators gathered in Philadelphia’s Center Square to see Evans and his machine rise

         up from the river and drive back to his shed.

      


      His Orukter Amphibolos, as he chose to call it, meaning amphibious digger, was the first amphibian, the first steam dredger

         and America’s first automotive vehicle. It was something of a stunt, in the judgment of technology historian Eugene Ferguson,

         because Evans did no more work on the vehicle, but it did dredge the harbor for several years, and Evans had demonstrated

         the principle that a steam engine of the necessary power could be made small enough to drive wheels on water and land. He

         drafted the prospectus for a limited company to build steam carriages, predicting engines “will propel boats against the current

         of the Mississippi and wagons on turnpike roads with great profit.” He called his venture The Experiment Company, but he was

         under too much pressure to be able to take it further: Congress, succumbing to the machinations of various millers, failed

         to renew the 14-year patent for the automatic mill he had been granted in 1790. Mechanics in Pittsburgh and elsewhere copied

         and adapted his engine without acknowledgment.

      


      He was 50. His eyesight was failing. Legal bills were piling up in defense of his engine and his automatic mill. He had spent

         his last dollar building his engine and working on a second book, his Young Steam Engineer’s Guide. In frustration, he abandoned it and published part of it under the title The Abortion of the Young Steam Engineer’s Guide. This remarkable book included as an afterthought a description of a vapor-compression refrigeration system, including an

         expander, cooling coil, compressor and condenser. (This was almost 30 years ahead of Jacob Perkins, who took out a patent

         on just such a device in 1834. It may just be a coincidence that he knew Evans in Philadelphia, but it was all there in the

         book Evans put out in 1805.)

      


      It took Evans three years of campaigning to have his legitimate milling rights restored. In 1808 Congress passed an act for

         the Relief of Oliver Evans, signed into law by President Jefferson. Evans could now demand recompense from all the millers

         who had profited by his innovation. Growing richer every year, he spent his new money and his energies building the first

         steam engineering factory, the Mars Works, for the production of steam engines, typically small cylinders and a long stroke.

         In 1811-12, with his son George as partner, he opened the first steam engine manufactory in the West in Pittsburgh. Altogether

         Oliver and George profitably built 100 stationary high-pressure steam engines for American workshops throughout the Atlantic

         states. Ranging in size from 8 to 70 horsepower, they rolled iron, milled flour, made paper; one was installed in the Navy

         Yard in Washington, D.C., and another (operating at 200 pounds of pressure) in the Fairmont Waterworks in Philadelphia. After

         the New Orleans fiasco, Evans did not involve himself in steamboat navigation again, but his type of engine came into general

         use on western waters. He saw his engines with 150 psi drive big steamboats running at nine miles an hour. He would have won

         a beaver hat if he had taken up Robert Fulton on his friendly challenge in 1812 to run a boat in still water at nine miles

         an hour; Fulton maintained that eight pounds of pressure and a speed of six miles an hour were about the upper limit.

      


      Evans remained prolific to the end of his life. He devised a solar boiler, a flour press, a gas lighting system, a multiple-effect

         evaporator and a machine gun. He invented and installed a central hot-air heating system in a Middletown, Connecticut, textile

         mill, feeding the exhaust heat from a steam engine into a network of small radiators to keep the building warm. His impulse

         was always to follow the ideas in his teeming brain wherever they might lead rather than to follow the money. He became convinced

         that to move forward faster America needed government sponsorship of research.

      


      Evans died in his 64th year. He was buried at Zion Episcopal Church near the Bowery in lower Manhattan; when the church was

         sold, he was interred in a crypt with others at Murray Hill, and when that was sold, his body was moved to an unmarked common

         grave in Trinity Cemetery, Broadway, at 157-158th Street. Here, somewhere, lies Oliver Evans, vindicated by history but insufficiently

         remembered by historians and the fellow Americans he longed to benefit.

      


   











      Eli Whitney (1765-1825)


      In ten days on a plantation he made a model of a machine that changed the South forever—the cotton gin. Then he became the

         godfather of the machine age

      


      The farm boy Eli Whitney did not learn to read quickly or easily, but he understood figures very well. He was just a boy at

         the start of the Revolutionary War, and it gave him an early schooling in the opportunities of commerce. England’s ban on

         trade with the American rebels led to all sorts of shortages, and nails, normally imported, became hard to find and expensive.

         Eleven-year-old Eli put his big hands to good use in his father’s forge on the family farm in Westboro, Massachusetts, making

         all the nails they needed, and then he ventured into the countryside to sell them at a profit.

      


      By 15, he was an embryonic capitalist. Having seen what the market would pay, and what he could produce on his own, he calculated

         that his profit margins justified taking on labor. He did not tell his father what he was up to when he borrowed the family

         horse and rode off to find some able person he could afford. He was away three days; the following week he had a man making

         nails with him at the farm, the cost of his room and wages carefully included under “overheads.” It was a good little business

         until the end of the war, when England dumped nails by the ton. Whitney switched to making hatpins, then, acutely aware how

         vulnerable he was to the vagaries of fashion, he opened a line in walking canes as well.

      


      Such attention to potential vulnerabilities was natural to Whitney, motherless from the age of 12; she had died giving birth

         to his brother. At 19 he resolved to qualify himself for better things with a college education. His father thought it was

         too late for that and the family budget could ill afford the fees, but Eli took jobs teaching in several local schools, earned

         enough to pay for tuition at Leicester Academy and won admittance to Yale in May 1789. He was 23, geriatric for a Yale student

         then. He helped to pay his way by repairing equipment around the college and graduated in law when he was 27. He was a late

         entrant for a legal career, without a glittering enough record or money to buy into a partnership, but his decision to go

         to Yale proved the wisest of his life. It admitted him to the magic circle of Yale alumni.

      


      Another Yale graduate, Phineas Miller, one year older, put him in touch with a plantation owner in South Carolina who was

         looking for a family tutor. Whitney set off from New Haven in 1792 full of apprehension. He was seasick on the packet to New

         York, the boat ran on the rocks at Hell Gate and then, within an hour of arriving exhausted in the city, he shook hands with

         a friend who had smallpox. He had to take the precaution of undergoing “variolation,” infection with a mild version of the

         disease, the precursor of Edward Jenner’s introduction of vaccination with cowpox (1798), which left him with “only a dozen

         pock.” For a world-class worrier, it took courage to get on a boat again for the long voyage from New York to Savannah, which

         he had heard was rampant with all diseases. He was very seasick again—“eat nothing but what I puked up immediately”—but cheered

         by the companionship onboard of Miller and Miller’s employer, Catharine Greene.

      


      Mrs. Greene is more important in the Whitney story than commonly acknowledged. She was a vivid heroine of the Revolutionary

         War. She was married to General Nathanael Greene and stuck it out with the remnants of General Washington’s army during the

         bitter winter at Valley Forge in 1777-78; she won Washington’s devotion and his gratitude for the way she kept up spirits

         among the starving and the sick. General Greene had pledged his own land and fortune to supply and clothe his soldiers. After

         the war, he was awarded confiscated land north of Savannah, which became known as Mulberry Grove Plantation, though the government

         did not otherwise liquidate its debt to him. When he died, cash poor, at the age of 44, Catharine, then only 31, fought a

         dilatory Congress six years for the money owed to him; she had five children to bring up. This grant of $47,000 had just been

         agreed upon when Miller introduced her to Whitney, and he was immediately entranced. Miller, formerly a tutor to the three

         Greene daughters, managed Mulberry Grove for her; unbeknownst to Whitney, Miller and Widow Greene had just become secretly

         betrothed—secretly because they did not want to risk complicating the grant from Congress.

      


      Greene invited Whitney to stay on her plantation until he crossed the river to his teaching job. Whitney was overjoyed by

         life at Mulberry Grove. He had exchanged the chores of a frosty New England farm and the spartan chills of a room in New Haven

         for a lazy lotusland of servants, sunshine and exotic flowers and fruits. He marveled at the oranges, pomegranates, olives,

         figs, pecans, nectarines and peaches, but most of all the company, which for a time moderated his misanthropic view that it

         was “a damn’d kind of world.” He contrived an excuse about his pay not to take up the South Carolina tutoring position, and

         the Miller-Greenes were glad to have him around, fixing things. Among other things, he made Greene an embroidery frame.

      


      Out of this relationship came Whitney’s first great invention, as profound in its effect as it was simple in its conception:

         the cotton gin (short for “engine”) that is part of every schoolchild’s catechism. Cotton grown on the coast was profitable,

         since seed and long-staple lint were amenable to separation when put through two rollers like a clothes wringer, a roller

         gin. But these varieties of cotton would not grow inland. Instead, a different variety grew profusely, a short-staple cotton

         with sticky green seeds that defeated the roller gins. Green-seed cotton had to be picked by hand, one man needing a whole

         day to separate a single pound of lint from three pounds of cotton. Whitney heard from Greene and Miller and the gentry of

         the state who dropped in for leisurely visits how impossible it was to make a living from green seed. What a pity it was,

         everyone sighed over the Madeira, that there was no easier way of extracting the cotton. Greene is supposed to have exclaimed,

         “Gentlemen, apply to my young friend, Mr. Whitney. He can make anything.”

      


      It took Whitney all of ten days in the barn to make a little model of the machine that was to revolutionize the South and

         galvanize the textile factories in the North. It was a simple hand-cranked revolving drum cylinder with hooks to pluck the

         fiber from the seeds. The restraining wires of a sieve held the seeds back. A faster rotating brush cleaned the lint. One

         slave could turn it by hand and produce ten times as much cotton as another picking by hand, and it was cleaner, too. One

         man with a gin driven by a horse or waterpower could produce more than could 50 handpickers.

      


      There are many stories about how Whitney devised his model gin. The most romantic he retailed was that he watched a cat shoot

         out its claws through a fence to catch a chicken and retrieve only a pawful of feathers. Another version has him watching

         a slave for hours and then replicating the movements as the man held the seed with one hand while teasing out the cotton with

         the other. He described how he came to make the teeth out of wire: “One of the Miss Greenes had brong out a coile of iron

         wire to make a bird cage and being embarrassed for want of sheet iron and seeing this wire hung in the parlor, it struck me

         I could make teeth with that.” Greene herself is said to have suggested the brush, but her indisputable and essential contribution

         would be to finance the firm Miller and Whitney set up to exploit his invention.

      


      When Whitney showed off the model to a few of Greene’s friends, one of them offered him 100 guineas to buy it outright. Everybody

         tut-tutted about the need for secrecy. It was pious nonsense—it was like inventing the wheel and expecting nobody to talk

         about it. Word spread like fire, and at one point Whitney’s little barn workshop was raided. He was still deluding himself

         that his secret was safe when a month after proving his first full-scale machine, in May 1793, he went to Philadelphia to

         petition Secretary of State Thomas Jefferson for a patent, and then to New Haven to set up a factory. In a letter to his father

         explaining an uncharacteristic silence of five months, he wrote: “I wish you, Sir, not to show this letter nor communicate

         anything of its contents to any body except My Brothers & Sister; enjoining it on them to keep the whole a profound secret.”

      


      Green-seed cotton was quicker than patent clerks. By the time President Washington signed the patent authorization on March

         14, 1794, backdated to November 6, 1793, hundreds more acres had been planted in anticipation of being harvested by the amazing

         gin. Instead of selling the gins or licensing their manufacture, the partners asked planters to bring their crops to ginning

         stations they set up. Two things went wrong, first bad luck, then bad judgment. Whitney performed wonders creating tools and

         machinery to make the gins in New Haven and bag the cotton, but disasters prevented him from manufacturing gins fast enough

         for the astounding avalanche of seed. Scarlet and yellow fever epidemics swept New Haven in 1794, forcing him to close the

         plant; then a fire in March 1795 destroyed 20 finished machines and his original tools. The efficiency of his manufactory,

         when it was operating normally, is manifest in that only seven months after the fire he had retooled the factory and shipped

         26 machines.

      


      The misjudgment was Miller’s idea that planters would pay one-third of the profit to have their cotton ginned for them. The

         charge was too high and resentment sanctified piracy. Damned Yankees! What was this newfangled patent law anyway? It was natural

         that the frantic planters, fearing to miss a license to plant money, should do anything they could to bootleg or copy a Whitney

         gin to deal with the thousands of tons of seed that would ruin them if unprocessed. Those who realized they were infringing

         Whitney’s rights took a chance that the southern courts would be sympathetic to them. They won their bet, for decades. In

         1803, when the cotton-growing states repudiated all their agreements with Whitney, cotton earned the planters $10 million

         and the man whose machine enriched them was penniless. It all confirmed Whitney’s view of the depravity of human nature. He

         seethed: “It is a solemn truth that many of the Citizens of Georgia are amassing fortunes, living voluptuously and rolling

         in splendor by the surreptitious use of the gin while I am chained down to this spot, struggling under a heavy load of debt.”

      


      Whitney exhausted his and much of Widow Greene’s fortune in ten years of patent battles involving 60 separate suits. Georgia

         was the most unjust. He wrote to the inventor Robert Fulton: “I had great difficulty to prove that the machine had been used

         in Georgia and at the same moment there were three separate sets of this machinery in motion within fifty yards of the building

         in which the court sat and all so near that the rattling was distinctly heard on the steps of the courthouse.” When he went

         to petition the South Carolina legislature, the planters conspired to have him arrested and put in prison, a shameful act

         that rebounded against them.

      


      Whitney’s gin exploded the production of cotton—and the import of slaves. In 1791, the entire U.S. cotton output was 4,000

         bales. It more than quadrupled in four years, and in 1801 was an astounding 100,000 bales. The gin increased labor productivity

         50-fold, but more hands were needed for the millions of acres planted with the new cash crop. By 1810 more than 200,000 Africans

         had been forced into slavery in the South. In New England, the Whitney effect was heard in the ever-busier whirr of the carding

         and spinning frames in the new textile mills.

      


      The southern states finally paid some money in 1807 following a crushing judgment for Whitney by Justice William Johnson in

         the United States court in Georgia. By then Miller was dead of blood poisoning from a prick by a thorn, and Whitney was caught

         up in an even more original adventure.

      


      The Gunmaker’s Little Trick and Big Idea


      The new year of 1801 was not very festive for Eli Whitney. His nerves were too on edge to celebrate anything. His 35th birthday

         present in December had been a summons to the new capital of Washington to justify his expenditure of thousands of U.S. dollars

         for thousands of muskets he had not produced. He left his New Haven workplace early in January, rehearsing in his mind the

         arguments he would make to convince the lame-duck president, John Adams, President-elect Thomas Jefferson, the secretaries

         of war and treasury, leading Congressmen and officials that he was not a charlatan.

      


      Whitney had won fame when he was only 27 as the inventor of the cotton gin—but not the fortune that ought to have gone with

         it. By 1797 bankruptcy and ignominy loomed for the golden boy. He brooded by himself in a rented room near his forlorn workshop.

         The magic triangle of Mulberry Grove had been broken. His patron, the vivacious Catharine Greene, and fellow Yalie Phineas

         Miller refused to subsidize him anymore. Whitney, who may have been in love with Catharine, sank into self-pity. At Thanksgiving,

         he wrote: “This day has been spent thro’ Connecticut in giving Thanks, talking and preaching Politics, sleighing, dancing,

         laughing, eating Pumkin-Pie, Grinding Salt, Kissing the Girls, etc. etc. As for myself [this day] has been spent in that kind

         of anxious solitude with which I have been for some time been encumbered.” It is a testament to his largeness of spirit and

         the depth of his creative impulses that he began to use his isolation to concentrate on ideas. He was determined not to let

         his creations again fall afoul of pirates and the patent litigation in which he was still ensnared, so he looked for opportunities

         to do business with the U.S. government. To begin with, he made a printing press with dies and offered the drawings to the

         Treasury as the ideal instrument for executions of legal documents. The supervisor had just given a contract to someone else,

         but he passed the drawings to the secretary of the treasury, Oliver Wolcott. This was a happy circumstance. Wolcott was the

         official who in 1794 had blessed Whitney’s proof of his cotton gin—and he was another Yale alumnus. On the supervisor’s letter

         of rejection to Whitney, Wolcott scribbled a note recording his high opinion of “the ingenuity and talents of Mr. Whitney.”

      


      The single phrase was potent. It encouraged Whitney to take a huge gamble on his mechanical gifts. Congress had voted to make

         ready for war with France, appropriating the huge sum of $800,000 for arms. Whitney had never made a gun in his life but in

         a vibrant letter of May 1, 1798, written directly to Wolcott, he offered to use machinery to make 10 or 15,000 “stand” of

         arms (a stand is musket, bayonet, ramrod, wiper and screwdriver) and to do so in double-quick time, much more quickly and

         efficiently than the gunsmiths of the Connecticut Valley, who traditionally crafted each weapon by hand. Even the national

         armory at Springfield, Massachusetts, and the new one at Harpers Ferry, Virginia, had never produced 1,500 firearms in a year.

         Whitney wrote: “I am persuaded that Machinery moved by water adapted to this Business would greatly diminish the labor and

         facilitate the Manufacture of this Article. Machines for forging, rolling, floating, boreing, Grinding, Polishing, etc. may

         all be made use of to advantage.” Wolcott was influenced by his personal regard for Whitney but also by philosophy. He was

         a loyal protégé of Alexander Hamilton’s, as committed as Hamilton was to government’s essential role in promoting manufacturing

         enterprise, and he had visions of Whitney establishing an advanced armory for continuous large-scale production. In any event,

         there is a letter from Wolcott to Whitney saying a greater number of proposals had come from New England than he expected,

         “but I shall however guard by all means in my power and I trust effectually against the mischiefs of too great a competition.”

      


      On June 21, 1798, Whitney was offered a contract for 10,000 French-type Charleville muskets. Wolcott signed contracts with

         27 gunmakers altogether, for a total of 32,000 muskets, but Whitney’s part in this was the single largest financial transaction

         in the business of the country. It was an amazing deal, achieved only because the war scare was the catalyst for fusing the

         manic desperation of a wronged inventor and the uncharacteristic adventurism of a bureaucrat. Whitney was promised $13.40

         for each musket, making a total of $134,000, worth many millions now, and thousands of dollars along the way to keep him in

         business. In signing the contract, Whitney bound himself to deliver all 10,000 by September 30, 1800, and the first 4,000

         in only 15 months.

      


      When he made his offer to Wolcott, Whitney had identified a source of power for his machinery in a log-dammed waterfall in

         New Haven, but in 1798 he did not own the site and he had no money to buy it, no workmen skilled in ordnance, no designs for

         guns or buildings, no machines and no assured supply of the high-quality iron he would need. Nearly three years later, on

         that bleak January day, the eighth, four months after the end of the contract, he had no muskets, either. His factory had

         delivered not a single one. He had parried inquiries from Wolcott with excuses—“I must not only tell the workmen but must

         show them how every part is be Done”—but more effectively with a vision. In 1799 he wrote, “One of my primary objects, is

         to form tools so the tools themselves shall fashion the work and give to every part its just proportion—which when once accomplished

         will give expedition, uniformity and exactness to the whole.” He closed with a seductive metaphor: “In short, the tools which

         I contemplate are similar to an engraving on a copper plate from which may be taken a great number of impressions imperceptibly

         alike.”

      


      Wolcott had been persuaded, and besides, almost all the other contractors were behind or bankrupt; only 1,000 of the 32,000

         muskets ordered had been delivered. But Wolcott was no longer in charge at the Treasury on the morning of January 1801 when

         Whitney made his entry into a room of dignitaries in blue coats, knee breeches and silk hose, assembled most likely in the

         newly occupied president’s mansion. He took a large box with him and laid out its contents on a table. It was not a musket

         but all sorts of anticlimactic bits and pieces—or so it seemed for a few moments. Then he surprised the observers, including

         Wolcott’s more skeptical successor, by quickly assembling the bits into fine new muskets. He picked apparently at random among

         ten different firelocks and with a screwdriver fitted them to ten muskets. On the testimony of Thomas Jefferson, he also assembled

         the actual firelock mechanism from a random selection of the internal pieces (tumbler, sear, hammer, lock plate, etc.), a

         far more impressive accomplishment, since it was the most delicately calibrated part of the weapon. In a letter introducing

         “Mr. Whitney of Connecticut, a mechanic of the first order of ingenuity,” Jefferson told Virginia’s governor, James Monroe:

         “He has invented molds and machines for making all the pieces of his locks so exactly equal that take 100 locks to pieces

         and mingle their parts and the hundred locks may be put together as well by taking the first piece that comes to hand. This

         is of importance in repairing, because out of ten locks e.g. disabled for want of different pieces, 9 good locks may be put

         together without employing a smith.”

      


      Elizur Goodrich, a Congressman and onetime Yale law tutor, reported from Washington that his friend Whitney had met “universal

         approbation.” All judges and inspectors were united, he said, in a declaration that his machine-made muskets were superior

         to any imported or made at home. Whitney got the government’s blessing and more money. Jefferson and others, including the

         inspector of small arms, another Yale man by the name of Colonel Decius Wadsworth, believed they had seen the augury of the

         machine age, the production of machine-made parts so uniform they could be rapidly assembled by hands as unskilled as those

         operating the machinery. Whitney’s demonstration entered folklore as the birth of the American system, the apotheosis of what

         historian Daniel J. Boorstin called the Know-How Revolution.

      


      How much does it matter, then, that the show for Adams and Jefferson and company was a fake?


      Whitney had secretly marked the parts that were meant to go together. In 1966 the Smithsonian’s Edwin A. Battison identified

         the Roman numeral VI on the inside lock of a Whitney musket in the gun museum in New Haven, “unnecessary if the parts had

         been interchangeable. They were not uniform and they were not freely interchangeable.” (Marks like this were made when the

         parts were fitted soft to facilitate reassembly after hardening.) Robert S. Woodbury, a scholar of technology, reported on

         a test of a number of Whitney arms that found “they were not interchangeable in their parts . . . in some respects; they were

         not even approximately interchangeable.” These criticisms have to be put in context. They do not mean that those who testified

         to Whitney’s achievement of “uniformity” of parts at the beginning of the 19th century were liars. Timothy Dwight, for instance,

         independently reported later on a visit to Whitneyville, where he saw the machinery at work “producing locks so similar, that

         they may be transferred from one lock and adjusted to another. . . . By the application of the same principle, a much greater

         uniformity has also been given to every part of the muskets.” But uniformity then meant within a thirtieth of an inch (compared

         with a thousandth of an inch by the end of the century): Whitney’s technical drawings at Yale show metal parts, molds, hammers

         and gears and some parts of his musket measured to within that one thirtieth of an inch. Battison also doubts, however, that

         Whitney invented a true milling machine to cut metal precisely to a template. Whitney used a hollow mill to make screws and

         a circular saw, says Battison, but he argues that the “Whitney” milling machine, the oldest still surviving, was not a wholly

         original work. He portrays Whitney as part of a broader-based, more gradual development of machine methods in a workable system

         of interchangeable parts.

      


      Qualifications about Whitney’s originality and his machinery are the fine print necessary to appreciate, once again, the social

         and technical context of innovation. Fifteen years before the famous demonstration, Jefferson, then a diplomat in France,

         took himself along to the workshop of the inventive Parisian gun maker Honoré LeBlanc. He reported to Washington in August

         1785: “He presented me with the parts of fifty locks taken to pieces, and arranged in compartments. I put several together

         myself, taking pieces at hazard as they came to hand, and they fitted in a most perfect manner. He affects it by tools of

         his own contrivance.” A committee of the French Academy of Science verified LeBlanc’s claims, and the year Whitney entered

         Yale, 1789, Jefferson brought back a box of his muskets. Nobody was much interested. Whitney may well have learned of LeBlanc’s

         work from Jefferson, who had become a friend after his purchase of a cotton gin for his own plantation. But while LeBlanc

         preceded Whitney, the interchangeable system did not take wing with LeBlanc any more than steamboat services took off with

         John Fitch. LeBlanc, too, had an order for 10,000 muskets—from Napoleon’s ministers—but they quite suddenly stopped the process

         on the philosophical and political grounds that harmonious products could not emerge from many hands: LeBlanc’s use of unskilled

         labor challenged both the craft labor monopolies and the government’s control over them. The English naval engineer Samuel

         Bentham (1757-1831) also pioneered the concept of precise uniform parts for wooden pulleys for sailing ships, but it was in

         America, not England or France, that the ideal of interchangeability dramatized by Whitney was most notably accepted and pushed

         by the political and industrial leadership. Indeed, Whitney’s initiative may have so commended itself to Jefferson he might

         well have remained just as enthusiastic if he had tumbled to Whitney’s artful dodge of marking parts. They met for dinner

         the night before. Who knows what passed between them?

      


      Whitney thus did not quite achieve what folklore says he did on January 8, but it remains a landmark moment. The demonstration,

         limited by the exigencies of the present, enabled him to map the future. The time and money he was allowed, in part thanks

         to his good connections, proved well spent. If he was eight years late delivering the final muskets of the 10,000, he did

         it for the price agreed and to a standard Colonel Wadsworth described as superior to any he had ever seen, and Whitney justified

         the endorsement by promptly fulfilling a contract in 1812 for 15,000 firearms.

      


      If Whitney was perhaps more limited in his technical achievements than presumed, he was unlimited in his vision of mechanization

         and interchangeability, and untiring in advocacy. His persistence with his network of friends was central to persuading federal

         government ministers to press for interchangeable parts in the manufacture of firearms, a leading industry after the war of

         1812. In asking for bids for 20,000 pistols at seven dollars each, the War Department in 1813 wrote into the contract with

         Connecticut’s Simeon North (1765-1852) that “the component parts are to correspond so exactly that any limb or part of any

         one Pistol may be fitted to any other Pistol of the twenty thousand.” It was at Whitney’s place in New Haven in 1815 that

         directors of the national armories and Colonel Wadsworth, by then chief of the U.S. Ordnance Department, agreed on a formal

         strategy for standardizing the manufacture of muskets. They decided that the national armory at Springfield should make special

         inspection gauges to enable even an unskilled worker to see if a piece fell within the tolerance of allowable error. Of crucial

         importance was the government’s backing from 1819 for the ebullient innovator from Maine, John H. Hall (1781-1841). He was

         allowed independent use of the facilities at the fractious Harpers Ferry Armory and in 1824 produced a breech-loading rifle

         with functionally interchangeable parts so well machined and die-forged that the metal parts could be mixed and remounted

         on 100 new stocks.

      


      Whitney was both a visionary and an incomparable manager. He reduced the complexities to a succession of simple processes

         so as to make a really effective division of labor among his largely unskilled workmen. MIT’s Merritt Roe Smith, who has reservations

         about Whitney’s technical originality, suggests that his business innovations have been too much overlooked. The national

         armories and other large private firms in textiles rarely calculated their costs properly. Manufacturers typically took their

         profit rule-of-thumb by adding a dollar or two to the cost of raw materials and labor. Whitney was as meticulous in keeping

         a record of every cent spent as he was in dress and deportment. He insisted that the price of a musket cover the cost of insurance,

         wear and tear, and interest paid on borrowed money, in addition to materials and labor. The result was that he made good profits

         while others hovered at the margin or vanished.

      


      Whitney was ceaseless in his pursuit of a mechanical synthesis. Not until he was 52, eight years before his death, did the

         Old Bachelor find time for courtship, marriage to a woman 20 years his junior, and children. His only son, Eli Whitney Jr.,

         when grown up carried on the flourishing business.

      


      Samuel Colt gave the Whitney factory his famous order for 1,000 Walker pistols in 1847, and in 1858 Oliver Winchester began

         to use the facility to make Winchester rifles. By then a stream of experts was coming from England to examine “the American

         system” of which Whitney was a key progenitor.

      


      It was to be another 100 years before machines as complex as steam turbines and aircraft engines could be made entirely by

         other machines. But the idea of manufacturing nearly identical parts, propagated and imperfectly practiced by Whitney and

         so effectively carried out by John Hall in 1824 and Simeon North in 1828, was the foundation of the machine tool industry

         and of mass production, which could put a sewing machine and a pocket watch in every home, a harvester on every farm, a typewriter

         in every office—and hundreds of thousands of rifles in the hands of Civil War soldiers.

      


   











      Sam Colt (1814-1862)


      A reckless spendthrift who created his own legend—and a mass market


      Fifteen Texas rangers rode into mortal peril on a hot June day in 1844. Scouting the hill country by the Pedernales River,

         they came across a war party of 80 Comanches, the fiercest of the Plains Indians and the finest horsemen in the West. A Comanche

         could hang by one heel over the side of a horse running at full speed, shielding himself from view while he shot arrows with

         deadly effect.

      


      The Rangers, outnumbered five to one, did what they normally did in such circumstances: They dismounted so they might fire

         their single-shot muzzle-loading rifles more accurately. The Comanches whooped forward, sure of overwhelming the small band

         of white men, since it would take 20 seconds for the Rangers to reload—by which time either on foot or on horseback the mass

         of Indians would be upon them. In the time it took to ram a powder charge and lead ball down a barrel, a Comanche could shoot

         six arrows or run 150 yards with spear and tomahawk.

      


      But the Rangers did not frantically reload and dig in. To the consternation of the Comanches, they remounted and charged back

         at the war party, firing with every finger on their hands—or so it seemed. The Rangers had equipped themselves with a new

         weapon, a repeating pistol made by the Patent Arms Manufacturing Company in Paterson, New Jersey. It could fire five shots

         without reloading. Thirty warriors fell. One Ranger, who still had charges left in his revolver, chased the chief to the top

         of a hill and shot him from 30 yards. The rest of the war party fled. Stone Age weaponry had finally met its match. It was

         an encounter that offered hope to settlers and spelled doom for the Plains Indians.

      


      The Patent Arms Company was no longer making guns when Captain Jack (John Coffee) Hays and his men fought the Comanches. The

         factory had shut down in 1842, its principal founder broke and living hand to mouth in New York; “I hardly knew,” he said,

         “where the dinner of tomorrow would come from.”

      


      This was Samuel Colt—or rather Sam Colt: There is much in a name and he rejoiced in the euphonic impact of “Sam Colt,” the

         single broad syllable of his first name, with its promise of an outdoor man ready for action, marinated with a surname of

         equine virility. Sam Colt was 26 when the creditors shuttered Patent Arms. He was only 47 when he died, but in the 21 years

         remaining to him, in which the Pedernales encounter was a critical turning point, he became one of the richest men in America

         and a legend—a legend in which it was hard to tell fact from fable. His loving widow, Elizabeth, who outlived him by 43 years,

         perpetuated the image of Sam Colt as a heroic individual who valiantly and selflessly conquered every adversity with God’s

         help. She elaborated it in stained glass and marble, in museum, monument and literature, in a church of remembrance and ceremonials,

         beginning with the extravaganza of a military funeral that “Colonel” Sam—never more than a weekend militia soldier—had designed

         in every detail for his triumphal exit: his own band in brilliant Prussian-style uniforms marching with muffled drums, colors

         reversed; a procession of 1,500 workmen wearing black armbands; his body, adorned with fresh camellias, carried over the snow

         in a silver-mounted steel casket to a lakeside tomb.

      


      The first headline in the Colt myth is “Early Genius Surmounts Emotional Traumas.” At 25, his father, Christopher, had narrowly

         escaped being booted out of Hartford as a ne’er-do-well by saving a young lady on a runaway horse who happened to be the daughter

         of the richest man in town, Major John Caldwell. Two years later he married Sarah Caldwell and had an up-and-down business

         life as a West Indies trader and sales agent. Sarah bore him seven children, of whom Sam Colt was the second youngest. She

         was an indulgent mother, but when Sam was only seven she died of consumption and his father married an unfeeling disciplinarian

         who soon evicted all but the youngest. Sam was packed off to a farm at 11. He must have been hurt by the breakup of the happy

         family, but it is hard to accept Elizabeth’s later picture of Sam meeting all his disappointments with his hand on his Bible,

         a model of Congregationalist modesty, unselfish self-reliant fortitude, industry, weary toil, perseverance and self-denial.

         A cautionary letter from his father to Sam at 18 tells him to “depend on your own exertions” and “use the most rigid economy.”

         Whatever the cause, Sam Colt’s subsequent behavior was that of a spoiled child who thought the world owed him a living.

      


      Colt’s early technical aptitude and interest in lethal weapons is not to be doubted. It was romanticized by Elizabeth, who

         has him at the age of seven “sitting under a tree in the field, with a pistol taken entirely to pieces, the different parts

         carefully arranged around him.” (This pistol was said to have been given to him by his dying mother, who, as the daughter

         of a Revolutionary War hero, had no qualms about arming her children.) It is hearsay, of course; Elizabeth herself was not

         yet born. But the teenage Colt did learn enough from a sort of encyclopedia of science called the Compendium of Knowledge to build a galvanic battery and make gunpowder. In late June 1829, while he was working in a textile factory in Ware, Massachusetts,

         he put up a notice: “Sam’l Colt will blow a raft sky-high on Ware Pond, July 4.” A festive Independence Day crowd gathered.

         While he busied himself behind some bushes with his wired connections, the raft floated away from the underwater mine. A sudden

         explosion drenched spectators in holiday finery with plumes of pond water and mud. Legend has it that they were ready to tar

         and feather the perpetrator until he was rescued by a young mechanic, one Elisha Root, who would eventually play a key role

         in Colt’s fortunes. Next Independence Day, Sam Colt was a student at Amherst Academy organizing a pyrotechnic display that

         set a school building on fire.

      


      Escaping Amherst’s punishment is the most likely explanation behind the second headline in the Colt myth: “Runaway Sailor

         Boy Invents the First Revolver.” He did not run away from home. His father fixed him up with a voyage to India as an apprentice

         sailor and spent $90 equipping him with checked sailing clothes and seagoing gear including a dollar jackknife. Wielding this

         jackknife on the deck of the Corvo, so the story goes, he whittled a model of the first gun with a revolving chamber, following a day’s frustration firing at

         porpoises and whales off the Cape of Good Hope. Actually, a rotated chambered breech was a feature of the flintlock designed

         by Elisha Collier of Boston in 1813 and patented in England in 1818. Young Colt certainly saw Collier’s gun in India or London;

         British armed forces in India had Collier and Co. repeating firearms. But though Colt’s enemies maintained that he simply

         copied Collier, Collier’s chamber had to be rotated by hand. In Colt’s six-chamber revolver, cocking the hammer caused the

         cylinder to rotate and line up a fresh charge with the barrel. Practical self-contained metallic cartridges had not yet been

         invented. Each of the six chambers in the cylinder had to be stuffed with gunpowder and a lead ball; the hammer struck a percussion

         cap, a relatively new invention that would ignite the powder and fire the projectile. What inspired him to this genuine invention

         of a cylinder rotating automatically remains an important mystery. Some versions say it was from watching the turning of the

         ship’s wheel or the ship’s capstan for raising and lowering the anchor. Both were secured in place with a pawl and ratchet,

         a device Colt used for turning and locking his rotating cylinder.

      


      Colt returned to a job in a textile factory. His parents were not impressed by his flimsy pieces of wood, but eventually he

         persuaded his father to advance a local gunsmith $15 for working models of a pistol and rifle. In 1832 Sam took these prototypes

         to Washington to show his father’s friend Henry Ellsworth, who also happened to be the U.S. commissioner of patents. Ellsworth

         wrote to Christopher Colt on February 20, 1832: “Samuel is now here getting along very well with his new invention. Scientific

         men and the great folks speak highly of the thing. I hope he will be well rewarded for his labors. I shall be happy to aid

         him. He obtained $300 at the bank with my endorsement.” Ellsworth’s valuable advice to Sam was not to apply for a patent until

         he had improved the experimental models, but to establish priority by taking out a legal caveat specifying his intention to

         do so while leaving the prototypes in the Patent Office.

      


      For a really good gunsmith, 17-year-old Sam needed much more than the $300 he had talked Ellsworth into sanctioning. He bolstered

         his finances by inviting people to make fools of themselves. Working with the chemist in the Ware textile factory, he had

         learned of the mood-altering qualities of nitrous oxide, or laughing gas. He ingeniously made a portable lab and reinvented

         himself on the lyceum and fairground circuit as the “celebrated Dr. Coult of New York, London and Calcutta,” offering sniffs

         of the stuff at 50 cents a time. An advertisement he wrote for a newspaper in Portland, Maine, in October 1832, informed the

         audience that laughing gas “produced the most astonishing effects upon the nervous system; that some individuals were disposed

         to laugh, sing, and dance; others to recitations and declamations, and that the great number had an irresistible propensity

         to muscular exertion, such as wrestling, boxing and with innumerable fantastic feats.” Clearly, Sam Colt had discovered the

         gift for showmanship that was to be such an important part of his innovative life. He made $10 a day—and spent $11 a day,

         another perennial feature of his mode of operating until he became rich.

      


      In 1834 Colt moved to Baltimore to be amid a large population of mechanics. There are letters from his father repeatedly offering

         to help with loans and contacts, and Christopher went with him to inspect machinery in New England’s armories, as documented

         in the inventor’s own diary. He was a helpful father, though the myth, with its emphasis on hardship, asks us to accept Sam’s

         version that his time in Baltimore was a difficult period when “his father with other friends opposed him.” Colt’s alliances

         in Baltimore were a perfect expression of the symbiosis of his business career. Joseph Walker was a fly-by-night musical impresario

         who staged performances by Dr. Coult. John Pearson was a capable gunsmith Colt invited to make prototypes of repeating firearms.

         When Dr. Coult went on the road to keep the enterprise afloat, he left Walker in charge and nagged him from afar with detailed

         queries and orders. Dr. Coult’s laughing gas was a riot. He performed to sell-out crowds from Montreal to New Orleans, but

         he spent all the good money he earned. He was constantly on the run from creditors and he kept Pearson in misery for two years.

         “The money you sent me won’t pay all your bills,” Pearson wrote in one of many letters of protest. Colt was about as good

         at spelling as meeting his debts. His response to Pearson was: “Make your expenses as lite as possible. . . . Don’t be alarmed

         about your wages, nothing shal be rong on my part, but doo wel for me & you shal fare wel.” Biographer William Edwards is

         not unduly harsh in saying 22-year-old Sam was immature and selfish. “Sam had this habit of using people as stepping stones

         to success, and it was to get him hated by some, and disliked or feared by many.” As to the erratic spelling—Colt would later

         maintain that anyone who spelled a word the same way more than once had no imagination.

      


      On February 25, 1836, Colt tore open a big brown manila envelope to find his American patent, No. 138. The embittered Pearson’s

         work had been so good—he later claimed he was the true inventor—that Colt was ready to manufacture revolvers and rifles in

         quantity. He borrowed $1,000 from his father. His cousin Dudley Selden, a New York lawyer, invested and so did 33 others,

         mainly family members and friends, to a total of $230,000 (around $17 million today). On March 5, Selden, the designated treasurer

         and general manager, oversaw a bill in the New Jersey legislature incorporating the Patent Arms Manufacturing Company. The

         very next day, at San Antonio, the 187 Texans and Tennesseans fighting for an independent republic were all dead at the Alamo,

         and General Santa Anna’s triumphant Mexican army was marching north to subdue the American colonies in East Texas. It looked

         a propitious moment to launch a gun manufactory.

      


      Nevertheless, the cousins soon fell out. Colt had been unable to get Pearson to work with them, so he had hired Pliny Lawton,

         a manager in the woolen-textile factory in Ware where his father worked. Lawton, unfamiliar with special-purpose metal-working

         machine tools, found it difficult to adapt Pearson’s craftsmanship to volume production, and, over Selden’s objections, Colt

         kept hindering that by tinkering with the design of what was now a five-shot revolver as well as with the first product to

         be made, an eight-shot ring lever-operated revolving rifle. Colt was also ready to spend much more of the investors’ money

         in pursuit of the only potential for mass-market sales at that time, the U.S. military. At 22, he was an impressive, handsomely

         bearded man, powerfully built like his father, and he bustled through every door in Washington, lobbying politicians and bureaucrats

         in the cause of equipping the army with his guns. He wangled an audience with President Andrew Jackson to show off his repeating

         rifle, his main focus then, but Jackson was too much enamored of the single-shot flintlocks of his battle days. Colt threw

         himself lavishly into social life in Washington, drinking mightily with any politicians he thought could help him. Selden

         was shocked and exasperated and said that only Colt could made the prototypes work. “You use money,” he blasted, “as if it

         were drawn from an inexhaustible mine. I have no belief in undertaking to raise the character of your gun by old Madeira.”

         Selden was particularly enraged when he learned that Colt had pawned some of the display weapons to subvent his drinking.

         “I know not what you may think of the morals of this business, but it seems to me not much better than putting your hand in

         a man’s pocket.” He threatened to have his cousin arrested. Colt talked his way out of trouble.

      


      When the army held competitive gun trials at West Point in the summer of 1837, Colt’s wild public relations exercises in Washington

         had worked well enough to secure a place. A few of the Paterson guns, however, were less successful than his lobbying: One

         exploded on June 21 and the Army Ordnance Board concluded that although Colt’s repeaters “may be usefully applied in special

         cases,” it would be imprudent for them to abandon the standard single-shot breech-loading flintlock musket and pistol. Colt

         seethed about “the fat head of the ordnance bureau,” and biographies tend to caricature the officer in charge, Colonel George

         Bomford, as “facing boldly backwards,” but the Ordnance Board was unanimous and Colt’s Paterson weapons did have serious production

         flaws. Multiple discharges, caused when the ignition flame or powder discharge spread to other chambers, were apt to be injurious

         or possibly lethal; the revolvers were hard to dismantle, with too many parts, and often clogged; and Colt’s long arms had

         even more production defects. A marine in Florida had been killed testing a rifle; his commanding officer wrote to Colt and

         the War Department to say Colt’s concept was admirable, but the manner of manufacture was “infamous.” Colt was not blind to

         these flaws; his efforts to resolve them were one of the reasons production was interrupted for changes. He was at the same

         time utterly unscrupulous. He asked Selden for money to bribe officials, which appalled his cousin. “The suggestion with respect

         to Colonel Bomford,’’ Selden said, “is dishonorable in every way.”

      


      The Paterson directors were right to be suspicious of the extravagances and ethical flexibility of the company’s young founder.

         But they were wrong to assume that their guns would sell themselves. In Florida, soldiers of the Second Dragoons and settlers

         were fighting a losing guerrilla war against Indians resisting deportation from their ancestral lands. Lt. Col. W. S. Harney

         wrote the Patent Arms Company with an urgent request to try out 100 repeating rifles. Colt’s immediate impulse was to board

         a steamer for Florida and take the guns with him. The directors were deeply concerned that he might just pawn the company

         property to pay his bills and said he could not go. As usual, Colt was deaf to the word. The rifles went with him when he

         boarded a steamer to Camp Jupiter, near present-day Palm Beach.

      


      The Second Dragoons rejoiced in a weapon that could fire 16 penetrating balls accurately in 31 seconds, and a triumphal Colt

         looked forward to returning with an army draft for $6,250 to show Selden and the doubting directors. He also sold and presented

         some pocket pistols to officers. The directors were not amused, upon his return, when he told them a fancy story about how

         a small boat taking him to shore had capsized, he had been near drowning for four hours and, alas, his trunk containing the

         draft had sunk beneath the waves. It happened to be true. The army was convinced and issued a duplicate draft. The Dragoons

         went on to devastate the Seminole and Spanish Indians of the Everglades, feats duly celebrated in press reports written or

         paid for by Colt. The Texas navy and the Texas Rangers followed up, buying some holster model, or “Texas Paterson,” revolvers,

         but the military bureaucrats in Washington remained adamantly opposed to general purchases for the army.

      


      Colt was sure the despised desk soldiers were taking bribes from other arms makers. He campaigned strenuously when a second

         military test in 1840 went against him. It was downhill from there. The turmoil in the economy that had heralded their launch

         made it impossible to attract more financing. Colt was arrested by a New Jersey creditor and had to be bailed out by Selden.

         On June 19, 1840, the directors stopped production. The company had made some 3,000 pistols and 1,500 rifles, shotguns and

         carbines, but the average unit cost was $50, around $3,000 in modern dollars. Colt and Selden broke up.

      


      The biographical judgments on Colt’s Paterson period tend to be rough. The critical biographer and curator William Hosley

         calls him “an abrasive opportunist” who “betrayed the trust of family members and friends who invested.” Certainly Colt had

         been a chaotic manager and reckless, but some redeeming qualities in his character began to emerge from the wreckage. Humility

         is not associated with thrusting extroverts, but ambition is a corrective. Colt longed to know what he didn’t know. In 1842

         he settled in New York, without any assured income, and dedicated his prodigious energies to self-improvement. He read texts

         on chemistry and mechanical engineering. He took a studio apartment at New York University and associated with other inventors,

         scientists and artists there and in the New-York Historical Society. He made a particular friend of another inventor just

         then emerging from similar setbacks: Samuel Morse, inventor of the electric telegraph (see page 74). The two men shared Democratic

         sympathies, which is to say that in midcentury they were philosophically libertarian (but hungry for government subvention),

         egalitarian (for white men) and expansionist. In politics they were pro-Union but opposed to Lincoln. They were against interfering

         in the southern “way of life,” i.e., slavery. (Colt’s view was that it was so inefficient the South would come to abandon

         it.) Their attitudes are unappealing to modern generations, but they were widely shared in those perplexing times.

      


      Colt did experiments in New York with Samuel Morse. He entered in the exhibitions of the American Institute for the promotion

         of mechanical skill and won several awards of elegant gold medals. He also plotted feverishly to save his older brother John

         from a hanging for murder (John, or a planted corpse of someone else, was found stabbed to death in his cell, suicide, it

         was said, after a mysterious explosion quite disrupted the public execution).

      


      In his six years in New York, Colt never missed an opportunity to hustle the desk soldiers in Washington as tensions waxed

         and waned between the United States and Mexico over the future of the now independent republic of Texas. He would do anything

         to revive interest in his guns, including paying for favorable references in the press. He received a generous U.S. government

         grant of $50,000 to experiment with submarine mines and staged a dramatic demonstration before the president, members of Congress,

         the media and the public. It was skillfully choreographed and captured in oils by an eminent painter he commissioned. But

         even though he staged five successful explosions, he was unable to sell the system to the navy.

      


      It was during this generally low period in Sam Colt’s career that word trickled through of the Rangers’ triumph against the

         Comanches. He tried to get a letter through to Captain (now Colonel) Hays without earning a reply. In May 1846 the long-running

         tension with Mexico over Texas exploded in Congress’s approving a declaration of war by President Polk. Colt every day expected

         an inquiry about his guns. None came.

      


      In November the near-desperate Colt heard that a certain Rangers captain, Samuel Walker, had been appointed a captain of Mounted

         Rifles in the U.S. Army and was in New York City raising money to buy arms and equipment for his men. Captain Walker! Colt

         remembered he had been with Hays in the battle with the Comanches and wrote to him at once: “I have so often herd you spoaken

         off by gentlemen from Texas that [I] feel sufficiently aquainted to trouble you with a few inquires regarding your expereance

         in the use of my repeating Fire Arms. . . . I hope you will favor me with a minute detail of all occasions where you have

         used and seen my arms used with a success which could not have been realized with arms of ordinary construction.” New York

         University had not taught him spelling, but life had taught him to pursue the smallest opportunity.

      


      Captain Walker more than obliged. He wrote to Colt: “The pistols which you made for the Texas Navy have been in use by the

         Rangers for three years, and I can say with confidence that it is the only good improvement I have seen. The Texans who have

         learned their value by practical experience, their confidence in them is unbounded, so much so that they are willing to engage

         four times their number. Without your pistols we would not have had the confidence to have undertaken such daring adventures.

         They can be rendered the most perfect weapon in the World for light mounted troops which is the only efficient troops that

         can be placed upon our extensive Frontier to keep the various warlike tribes of Indians and marauding Mexicans in subjection.”

      


      Even Colt, in his fantasies, could not have dreamed of a better testimonial from a better source. Walker was a hero. He had

         led Rangers south of the Rio Grande in fights with Mexicans, survived Santa Anna’s suicide lottery and a brutal seven months

         as a prisoner of war, returned to chase Comanches, suffered a near-fatal wound from a Comanche lance thrust, recovered and

         returned to action yet again. He was a slim, mild man who did nothing for show, the opposite of the jovial Colt, but he knew

         he owed his life to the showman’s revolver. The two men were nearly the same age (Colt 32, Walker 31) and when they met they

         became instant friends. Walker was ready to lend his expert knowledge to make the gun even better and Colt was ready to listen.

         Walker wanted a weapon that would knock a Comanche off his horse at 100 yards and stop a Mexican cavalryman in headlong charge.

         Colt persuaded the quiet captain that before going to the Mexican War, he should redesign the gun with him and then campaign

         in Washington for Colt weapons for his fellow fighting men. It was a masterstroke. The two men redesigned the five-shot gun

         of .36 caliber into a .44-caliber six-shooter with a nine-inch barrel that would fire both lead balls and the new oval-shaped

         bullets and be easier to load. On December 7, 1846, Walker carried this massive “hand cannon” into the office of President

         Polk, along with firsthand testimony as to how superior Mexican forces armed with antiquated flintlock rifles had been shredded

         by Colt-armed Texas Rangers. Polk was so impressed he took Walker and the .44 along to his new secretary of war. The Texan

         leader Sam Houston volunteered his endorsement, for which fulsome thanks came from the “poor devil of an inventor.” Late that

         same month, the poor devil got an official order from the chief of ordnance for the U.S. Army—$25,000 for “one thousand revolving

         pistols,” delivery in three months. The order Colt had sought for half his life came when he had no guns to sell and no factory

         or machinery to make them.

      


      In a frenzy of action, Colt called on gunsmiths in three states, pleading and cajoling the likes of Edwin Wesson and Eliphalet

         Remington to make parts for him as a priority over whatever else they were doing, and then begging Eli Whitney Jr. to assemble

         them at the Whitneyville arms factory. Twenty-six-year-old Whitney had been in control of the armory founded by his father

         (see page 55) only since 1842. Reluctant to get involved with a man of such erratic reputation, he declined, but Colt wore

         him down. When the assembly proved trickier than imagined, Colt doubled the payment to the machinists to make them work through

         to midnight and raided other factories. “I shall not save one dollar out of the contract,” he told Walker, and it was probably

         true. The guns were not ready when Walker returned to the war with his company of men in May 1847, but at last, on June 26,

         Colt was able to rush him a pair of the Whitneyville-Walker Colts. Rush in 1847 was a relative term; not until October did the weapons reach Walker in Mexico. He was overjoyed. “They are as effective

         as a common rifle at one hundred yards,” Walker wrote, “and superior to a musket at even two hundred yards. All the cavalry

         officers are determined to get them.” Four days later, on October 11, 1847, his Colts blazing away, Walker led 250 men against

         1,600 Mexicans entrenched in the town of Huamantla. They routed the Mexican lancers, but at the end of the battle Walker was

         dead.

      


      America had lost a hero but won a war and a land settlement of incalculable worth. With peace on February 2, 1848, Mexico

         granted the United States all of Texas up to the Rio Grande as well as New Mexico, California and parts of Utah, Nevada, Arizona

         and Colorado. Colt’s guns had played a not inconsiderable role in helping to assemble the modern coast-to-coast continental

         America—a big building block in the West created by salesmanship on top of the one in the South Robert Livingston had achieved

         by diplomacy.

      


      For himself, Colt was at last in sight of his dream, a mass market for his guns. The army ordered another 1,000 repeating

         pistols and Colt abandoned Whitneyville. Amid much bad blood over the proprietary rights in gauges, patterns and tools, and

         his poaching of two German gunsmiths, he took the equipment to his hometown of Hartford to set up his own interim workshop

         with $5,000 borrowed from a banker uncle and credit from a few other Hartford businessmen. He exulted: “I am working on my

         own hook and have sole control and management of my business and intend to keep it as long as I live without being subject

         to the whims of a pack of dam fools and knaves styling themselves a board of directors.” Colt went into overdrive. He extracted

         pleasing pith from any testimonial he could get, something he had learned from perusing advertisements for patent medicine.

         He wooed powerful politicians with beautifully engraved sets of pistols. He assiduously cultivated the newspapers. It was

         just as well. A gun he sent to Senator—and former General—Thomas Rusk burst during a demonstration before military officials.

         Colt blamed the military testers. Rusk calmly asked for another, and the press was benign. The Colt Walker revolver did in

         fact prove to have deficiencies and the Army Ordnance Board was on his case. Colt redesigned it in early 1848, shortening

         the cylinders by half an inch so they would not take so much powder and cutting the long barrel to seven and a half inches

         (on the advice of the detested Ordnance Board). He also adjusted the rifling inside the barrel so that the rotation of the

         bullets was increased just before they left the muzzle. This version, dubbed by modern-day collectors as the First Model Dragoon,

         became one of his bestsellers.

      


      Colt’s genuine ambition to make a perfect gun, which he put above immediate profit, was one of several keys to his eventual

         success, though on the way he well-nigh drowned in red ink. A second was his infatuation with machinery, a seed planted in

         the visits with his father to inspect the Connecticut Valley armories. By 1849 the region had become the Silicon Valley of

         the 19th century. The new religion was machined uniformity of interchangeable parts for rapid assembly, a quest stimulated

         by the federal government’s insistence on the free exchange of information among its contractors. The American system, as

         it came to be known, was crucial to America’s emergence as an industrial power and gun making was in the vanguard of the movement.

         Colt’s stroke of brilliance was in realizing the importance of adopting and improving this system in the steam-powered factory

         in Hartford he moved into in January 1849, the first ever year he made a profit ($75,000, or about $4.4 million today). The

         third element was his eye for a good man. He tempted Elisha King Root to join him, promising Root he could fix his own compensation.

         Root, supposedly the kindly rescuer mechanic at the Ware Pond explosion, was by now famous as an inventive and inspiring machinist,

         with specialized knowledge of drop-forging technology he had developed at the nearby Collinsville Axe Factory. It was a coup

         to recruit him. The two men worked as well as Colt and Walker had on the design and redesign of revolvers and repeating long

         arms, but also on the system of manufacture. They are credited with designing and patenting machines for forging, boring cylinders,

         rifling and cutting metal, but the real contribution of Root, according to MIT historian of science and technology Merritt

         Roe Smith, was helping Colt introduce machinery that had been developed elsewhere and organizing its integration in a sophisticated

         production facility. Total interchangeability remained elusive, but together Root and Colt got to the point where 80 percent

         of the work could be done by machine, with hand filing for final fitting by skilled artificers with precision gauge systems.

      


      The machines were expensive and the whole operation would have fallen apart if Colt had not been able to find thousands and

         then hundreds of thousands of orders. He was operating just about the first factory in America to achieve volume production

         with precision machinery and gauges. Competitors and enemies who had never heard of the concept of economies of scale thought

         Colt must be cheating or heading for bankruptcy when he lowered unit prices on big orders. Of course, he was not. This Hartford

         Sam Colt, blessed by luck and Mars, was no longer the reckless spendthrift of Paterson. Like Henry Ford, he continually pushed

         to lower the costs of his revolvers and repeating long arms through innovations in production and, like Eli Whitney, through

         obsessive monitoring of expenditures in raw materials and labor. In 1859 a Colt revolver cost $19 wholesale ($1,250 today),

         about a third of the Paterson price. He left the daily operation of the factory to Root while he brewed elixirs from his genius

         for marketing. He found a vast new market on top of the military—the homesteaders moving west into and through Indian territory,

         the forty-niners rushing to the California goldfields, the Mormons chased from state to state to what is now Utah, the Texas

         cowboys guarding the herds against rustlers, the lawmen in the booming frontier towns. Initially, Colt may not have understood

         the tactical significance of his revolver, but now he had the inspiration to associate his six-gun indissolubly with a romantic,

         adventurous image of this expanding American West. He promulgated legends of reckless men gambling their lives on their Colts.

         He propagated popular slogans: “God created men equal, Col Colt made them equal. . . . There is more law in a Colt six-gun

         than in all the law books.” He distributed tens of thousands of pamphlets and illustrated broadsheets. He recycled every story

         of derring-do. He created a network of retail commission representatives and sold guns at discounts through military officers.

         Giving full rein to his aesthetic sense, he engaged engravers and carvers to decorate grips and metal surfaces. He roll-engraved

         shoot-out dramas on the cylinders of his revolvers, including the Pedernales encounter. He commissioned George Catlin to produce

         12 paintings and 6 mass-market lithographic prints of his frontier adventures using Colt’s repeating rifle and the Dragoon

         wielded by the artist on horseback hunting buffalo—perhaps the earliest use, William Hosley observes, of celebrity endorsements.

         He even trademarked his scrawling signature. In his manifold exuberance, he basically invented modern branding, employing

         the leading practitioner of the day, one Edward N. Dickerson of New York City. He fought his competitors with price and lawsuit,

         but his worldwide branding was more important than his belligerence. It is no accident that the French for revolver remains le Colt.

      


      Colt’s idea, it was said at the time, was making the world aware he was in it. He became one of the most traveled Americans

         of his day, sailing the Atlantic seasonally in pursuit of sales and fame. In Constantinople he palmed his way into the presence

         of the Ottoman Empire’s Sultan Abdul Mejid I, gave him a magnificently gold-inlaid and cased Dragoon revolver and casually

         mentioned that the Russians were arming themselves with his revolvers (omitting to mention that he had told the Russians the

         Turks were buying). He returned to Hartford with a Turkish order for 5,000 revolvers. He obtained patents for new models in

         London, Paris, Brussels, Berlin and Vienna. He organized a dazzling presentation at the Great Exhibition of the World’s Industry

         at the Crystal Palace in London in 1851. An English reporter noted, “None were more astonished than the English to find themselves

         so far surpassed in an art in which they had practiced and studied for centuries.” The following year he became the first

         American industrialist to manufacture overseas, opening a factory in London. He closed it after the end of the Crimean War

         in 1856, but while it operated it awed Charles Dickens: “This little pistol which is just put into my hand will pick into

         more than two hundred parts, every one of which parts is made by machine. To see the same thing in Birmingham and in other

         places where firearms are made almost entirely by hand labor, we should have to walk a whole day visiting many shops carrying

         on distinct branches of the manufacture.” Colt easily underbid British arms makers and added insult to injury by caparisoning

         commerce in the raiment of learning. He gave lofty lectures on the ineffable superiority of the American system and graciously

         acknowledged the wisdom of the institutions that conferred honor on an innovative Yankee at the court of Queen Victoria. On

         the strength of his high profit margins, Colt opened a new factory in Hartford in the winter of 1855-56, employing 1,000.

         He treated them fairly by the standards of the day, and in the dangerous business of explosives his safety record was altogether

         creditable. It was the world’s largest private armory, but he was also secretly buying up 200 acres of meadowland on the Connecticut

         River floodplain for his most audacious project: Coltsville. His dream was an industrial utopia, a community built around

         a vast armory that would turn out 150 to 200 guns a day. The riverside complex, paying homage to the opulent mansion called

         Armsmear that Colt built on the hilltop beyond, had workshops and parkland, orchards and houses and classrooms. It had a farm

         to grow its own food, a reservoir and waterworks to supply its water, a river port dock and harbor where the Sam Colt schooner

         could tie up alongside his steamboat ferry. It had a railroad depot, its own gasworks, a tobacco warehouse and a whole colony

         of German immigrants living in replica Swiss cottages with their own beer garden: Potsdam Village. It was an example of Colt’s

         imaginative opportunism. When he built a two-mile dike to protect Coltsville from the floods the townspeople were sure would

         destroy him, he planted his dike with French willows and then, on an Arcadian whim, recruited willow workers from the basket-weaving

         districts of Prussia, built a copy of a willow weavers’ village near Potsdam and started a willow manufactory that transformed

         the whim into a profitable business making 100 varieties of wicker furniture.

      


      When Coltsville was finished in 1856, Colt topped it with a double flourish: a blue onion dome, a gesture of appreciation

         to his Turkish customers, and on top of that a rampant colt sculpted in blue gilt zinc, a less polite gesture to the old money

         of the Hartford establishment, the financial elite and merchants and Whig politicians, the kind of people who had snubbed

         his father. Colt often threw his weight about. He tried to hold the town hostage for tax relief. He scoffed at its careful

         ways as plodding provincialism. His steam hammers pounded its tranquility; his importation of foreign workers mocked its comfortable

         but smug Anglo-Saxon homogeneity. He valued Germans most of all. He spent $300,000 outfitting them with instruments for an

         oompah band and with uniforms for Colt’s Armory Guard, the latter quite troubling to the good citizens when the guard marched

         smartly through town to a dress parade in the square, Colt revolving rifled muskets at the ready.

      


      Throughout it all, Colt’s lifelong obsession with the military remained an abstraction. He never fired a gun at anyone or

         served in combat. The “Colonel” was an honorary title bestowed as a political favor, and he was essentially amoral when it

         came to the cataclysm of the Civil War, which broke out in the last year of his life. He cynically referred to the weapons

         he kept selling to southerners right up to the last minute, and maybe beyond, as “my latest work of Moral Reform.” In 1861

         the New York Times basically accused him of treason. Perhaps as a penance, as soon as the war started, he had 500 men in Colt’s Rifle Regiment

         drilling on the South Meadows to join the Union Army, only to have his commission revoked by the governor and his regiment

         disbanded, due to differences between Colt and Governor W. A. Buckingham and the troops as to electing their own officers,

         and whether or not they would be a national or a state unit.

      


      On his premature death in 1862, Colt had enjoyed only five years of married life to Elizabeth Jarvis. Eleven years his junior,

         she was a shy and high-minded daughter of an Episcopalian minister; to marry her, Colt converted from Congregationalist to

         Episcopalian, a step up in the Hartford social hierarchy. She saw in him “my ideal of noble manhood, a princely nature, an

         honest, true and warm-hearted man,” and he tried to live up to her ideal in his patronage of civic amenities and cultivation

         of the arts. He took her to Europe on a six-month honeymoon and he finagled an invitation to the czar’s coronation at the

         Bolshoi Theater. Only one of their five children, Caldwell, survived to adulthood. Colt was so distraught by the successive

         deaths that he communed with his horse, according to his coachman. “Master,” he told Mrs. Colt, “was talking to the horse

         about the little master in the graveyard beyond.”

      


      Of course, Colt’s legacy went far beyond family. Some see his influence negatively and blame him for exploiting people’s fears

         to create a gun culture. How many hundreds, even thousands, died in western shoot-outs can only be guessed. Colt made 600,000

         guns in his lifetime. If one in ten of them killed somebody that would be 60,000 deaths. But the other perspective is relevant.

         How many lives did Colt save in violent times? He was stout in his defense of his guns as instruments of peace. “The good

         people of this world are very far from being satisfied with each other and my arms are the best peacemakers.” His weapons

         were used by scores of killers but prized by vulnerable thousands in violent times. Chinese miners and railroad workers of

         small stature carried Colts against intimidation and murder. Isolated settlers exposed to bad men, Indians and wolves were

         voted $50,000 by Congress so they might buy guns to defend themselves.

      


      Whether Colt’s revolver defended or retarded civilization is endlessly arguable, but there can be no doubt his advances in

         precision manufacturing and his iconic marketing methods advanced American industrialization and marked a coming of age of

         the ideal of American individualism. The year he opened his great armory on the floodplain, Walt Whitman published his “Song

         of Myself,” which perfectly expressed the restless spirit of the times Sam Colt helped to fashion:

      


      What is known I strip away,


      I launch all men and women forward


        with me into the Unknown.
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