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Praise for Visions of Technology


“An impressionistic image revealing the edgy American ambivalence toward the technologies that, mostly, our nation pioneered. . . . Intrigued readers are bound to want more.”


—Lynn Yarris, San Jose Mercury News


“Fascinating. . . . Rhodes has done a wonderful job of selecting the works and placing them in an order that keeps the reader delightfully jumping along from one to the next.”


—Tom Danehy, Tucson Weekly


“An interesting collection of what well-known people thought would happen as we moved into the twentieth century with all this newfangled technology. . . . All in all, a fascinating book.”


—G. William Gray, The Tampa Tribune


“A provocative collection dedicated to the twentieth century’s passion for technology. Voices from 1900 to the present speak for themselves, including visionaries from Robert Frost to Senator John Glenn and Henry Ford. This book is significant because of its point of view: different thinkers draw vastly different conclusions, some leaving hope for the future, others despairing of technology’s negative impact. All explicate the potential and prospects of technology with wit and profundity. A chronological time line leads the reader through the evolution of technology. Highly recommended.”


—Library Journal


“For those who like to study predictions, Visions of Technology offers plenty—everything from the foretelling of airplanes to sex with robots. The reader will be amazed by what the prognosticators got right, and perhaps smile at what they got wrong.”


—Jeff Minerd, The Futurist


“A fascinating compendium of scientific writing, criticism, and satire. . . . Visions of Technology has a new surprise lurking in every page crease.”


—Flaunt magazine


“An eclectic collection of 200 brief excerpts providing a series of chronologically arranged perspectives on the technological advances of the century just ending. The tale is extraordinary.”


—Karl Giberson, Books & Culture
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Technology is the application of science, engineering and industrial organization to create a human-built world. It has led, in developed nations, to a standard of living inconceivable a hundred years ago. The process, however, is not free of stress; by its very nature, technology brings change in society and undermines convention. It affects virtually every aspect of human endeavor: private and public institutions, economic systems, communications networks, political structures, international affiliations, the organization of societies and the condition of human lives. The effects are not one-way; just as technology changes society, so too do societal structures, attitudes and mores affect technology. But perhaps because technology is so rapidly and completely assimilated, the profound interplay of technology and other social endeavors in modern history has not been sufficiently recognized.


The Sloan Foundation has had a long-standing interest in deepening public understanding about modern technology, its origins and its impact on our lives. The Sloan Technology Series, of which the present volume is a part, seeks to present to the general reader the stories of the development of critical twentieth-century technologies. The aim of the series is to convey both the technical and human dimensions of the subject: the invention and effort entailed in devising the technologies and the comforts and stresses they have introduced into contemporary life. As the century draws to an end, it is hoped that the series will disclose a past that might provide perspective on the present and inform the future.


The Foundation has been guided in its development of the Sloan Technology Series by a distinguished advisory committee. We express deep gratitude to John Armstrong, Simon Michael Bessie, Samuel Y. Gibbon, Thomas P. Hughes, Victor McElheny, Robert K. Merton, Elting E. Morison (deceased) and Richard Rhodes. The Foundation has been represented on the committee by Ralph E. Gomory, Arthur L. Singer Jr., Hirsh G. Cohen and Doron Weber.


ALFRED P. SLOAN FOUNDATION


See page 395 for a list of Sloan Technology Series titles.





Introduction
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Richard Rhodes



The Western world has argued passionately about technology—what it is, where it’s going, whether it’s good or bad for us—throughout the twentieth century, even while inventing it at a ferocious and accelerating rate. This anthology samples that vital debate, drawing primarily on American sources. It’s an impressionistic sampling. It had to be, given the sheer volume of statements, articles, books and documents generated across a hundred years. I sorted for variety, for felicity and succinctness of expression, for range not only of subject but also of mood. I looked for humor to balance solemnity, prediction to balance explication, recollection to balance abstraction. I included a share of the canonical texts all of us have heard (or, sometimes, misheard)—H. G. Wells’s prediction of atomic bombs, Arthur C. Clarke’s vision of geosynchrony, Murphy’s Law, Moore’s Law, the silent spring of Rachel Carson. I left out most commentary on medicine, which is regularly attended because of its mortal impact on our lives. Something you think should be here is probably missing; but I hope you will also be surprised by what you find. If my witching methods work, drinking from this particular Pierian spring may at least leave you thirsty to explore the original texts, a mighty river of discourse. Those texts are referenced in the bibliography that begins on page 381.


I could pretend innocence of America’s environmental and cultural wars and say that technology is human making. At first inspection, it is that—from lemon pie to computer chips, from plowshares to gene sequencers. Along with language, it’s what distinguishes us from the other species with which we share the planet. People used to speak of craft or “practical arts”; in that guise, technology has been around for a good two million years. The Pleistocene spearpoint flaked from pink flint that I display on my coffee table was the high technology of its day, as sophisticated and effective as a samurai sword or a fighter jet.


But for many of us, “technology” means something more specific (and problematic) than craft or practical art; hearing the word applied to cooking or gardening might surprise us, at least initially. In this more recent sense, the term came into use only about 150 years ago, adapted from a classical Greek noun meaning a systematic treatment, as of grammar or philosophy. Ask a friend today to define technology and you might hear words like “machines,” “engineering,” “science.” Most of us aren’t even sure where science leaves off and technology begins. Neither are the experts. We also usually think of technology as hardware rather than software, although many organized systems serve technological ends no less than machines; your computer isn’t complete without its programs. Arguably the greatest technological triumph of the century has been the public-health system, which is sophisticated preventive and investigative medicine organized around mostly low- and medium-tech equipment; as two demographers report late in this book, fully half of us are alive today because of its improvements.


This barely acknowledged distinction between old, low technology and new, high technology probably reflects our ambivalence toward machines and machinelike systems, especially when they’re recent and unfamiliar, and particularly when they’re large and not in our control. We swim in technology as fish swim in the sea, depend on it from birth to final hours, but many of us trust it only in its older and more familiar guises. Recent technology is more often seen as a threat—to our jobs, our health, our values—than a blessing. Even public health takes its lumps; I’ve had otherwise decent people, people who donate a share of their worldly goods to feed the poor, tell me that saving all those lives just crowds the planet. Your life too, I argue, and they nod guiltily, embarrassed but unwilling to concede the point.


Technological wariness is an enduring disturbance, with roots in religion. Prometheus stealing fire from the gods and giving it to humans carries the sense of it; so does the serpent persuading Eve to taste the knowledgeable apple, and the Jewish myth of the Golem, a Frankenstein’s monster animated by incorporations of holy words. (Stanislaw Ulam, the Polish mathematician who conceived the design breakthrough that led to the development of the U.S. hydrogen bomb, once told MIT polymath Norbert Wiener that the Golem had been in his family, since he was a descendant of the rabbi supposed to have constructed it; Wiener, thinking of the Bomb, responded, “It still is.”) Technology competes with the gods at miracle-working and the gods take revenge: no wonder we’re nervous about it. At its most fundamental, our distress probably reflects angst at automata, at organized systems without souls, like nature itself in its destructive and predatory forms—isn’t that why we argue whether computers can think?


C. P. Snow, the English physicist and novelist, identified more specific hostility toward technology among intellectuals, particularly literary intellectuals, in his well-known 1959 lectures on “The Two Cultures.” Such hostility becomes obvious when you survey the literature; it’s obvious in this book, and not because I biased the sample. To the contrary, appreciation of technology among intellectuals not technologically trained was hard to find. Since many intellectuals are concerned with social justice and not devoid of ordinary compassion, it’s surprising that they don’t value technology; by any fair assessment, it has reduced suffering and improved welfare across the past hundred years. Why doesn’t this net balance of benevolence inspire at least grudging enthusiasm for technology among intellectuals?


Snow traced the conflict to class differences that widened with the progress of the industrial revolution. I’ve included an excerpt from that discussion at its appropriate place in this book. The landed classes resisted the revolution, Snow notes, since it threatened their predominately agricultural interests. The new industrialists and engineers emerged from the craft and working classes. The landed classes neglected technical education, taking refuge in classical studies; as late as 1930, for example, long after Ernest Rutherford at Cambridge had discovered the atomic nucleus and begun transmuting elements, the physics laboratory at Oxford University had not yet been wired for electricity. Intellectuals neglect technical education to this day. Since most intellectuals aren’t from upper-class backgrounds, Snow seems to be implying that their hostility to technology results from aping their betters—not a very generous assessment.


Given the pervasiveness of the intellectual bias against technology, technologists are probably justified in concluding that it derives in some measure from technical and scientific illiteracy as well as jealousy and competition for influence. But such conclusions risk trivializing the debate—much as do intellectuals’ tiresome accusations that greed is the technologist’s primary motivation for enterprise. If the record of technological innovation in this century is, on balance, clearly positive, it’s also true that technologists have been prodigal at excusing themselves from moral responsibility for weapons of mass destruction, pollution and other well-known horrors.


They do so in part by refusing to acknowledge the extent to which belief systems intrude into their operations. Claims that a “technical imperative” drives technological change, for example, much as an invisible hand is supposed to drive the capitalist marketplace, fall into this category. The recent literary-intellectual assault on science as an arbitrary construction no more anchored in the real world than any other religious or social institution is an extreme but predictable consequence of such denial. The assault has found support precisely because the scientific and technological community has chosen to deny knowledge of its own complicity in installing and maintaining structural violence. Structural violence—violence such as racial discrimination that is built into the structure of societies—remains the largest-scale and most intractable form of violence left in a world where knowledge of how to release nuclear energy has foreclosed world war. As methodologies, science and technology are demonstrably objective and effective; but they’re unquestionably bound up with power relations as social systems.


All this is to anticipate the vital and continuing debate I’ve sampled in this book. I’m reluctant to generalize from my sample. It’s designed to be an animated performance of itself, its four parts anchored in the major events that set its terms. Enthusiasm for technology grew among technologists in the first quarter of the century as the expanding mass production of consumer goods, particularly automobiles, created great wealth. But critics attacked the application of technology to industrial production even before the First World War showed how technology could mass-produce slaughter (one theorist described the machine gun, the basic killing tool of the war, as “concentrated essence of infantry”). The Great Depression shifted the debate from industrial to social transformation, borrowing metaphors and solutions from technology even as technology was challenged. By the end of the Second World War the shift from an agricultural to a technological society was essentially complete. The second half of the century filled in the spaces while a new transformation to an electronically based information technology began—to reach its maturity, presumably, in the twenty-first century now opening.


These tidal highs and lows hardly obscure the persistent, continuing enlargement of the influence of science and technology on human affairs. By whatever measure you choose, science and technology came to dominate the human project in the twentieth century. Public health more than doubled the average lifespan. The discovery of how to release nuclear energy made world-scale war suicidal. Birth control subdued the Malthusian multiplication of human population. Agriculture fed the multitudes. Electronics wired the world and put human communication beyond the reach of tyranny. Manned vessels of discovery cast off beyond the earth; automated voyagers—notes in high-tech bottles—even escaped the solar system. At the same time, human activities drove a catastrophic decline in species diversity and began global warming; from a wild place the earth became a garden, well tended in some districts, ruthlessly exploited in others. The evolutionary neural enlargement that spun out technology (which imitates evolution culturally, propagating in memes rather than in genes) is not only open ended; it’s also myopic, which makes invention and application acts of faith. The deep truth about the debate that fills this book is that it’s a debate among the orthodox, a debate about speed limits and barricades rather than the necessity of the quest. No one, not even the Unabomber, has proposed a return to the Hobbesian garden of the primates.


Visions of Technology originated in discussions among the members of the Alfred P. Sloan Foundation Technology Book Series advisory committee. In the midst of commissioning histories of major twentieth-century technologies, we realized that there must also be a thick vein of debate about technology to be mined into a book, and that such a book might serve as a meta-history of the effect of technological change on the twentieth-century human world. Fools walk in where angels fear to tread: I volunteered to assemble an anthology provided a professional historian could be found to join me in the work. Elting E. Morison agreed to undertake that partnership. Unfortunately, his final illness intervened before he could contribute beyond reading and approving the initial proposal I drafted. His participation would have broadened the range of selections and enriched the running commentary. It wasn’t to be. I wish it had been.


I planned at the outset to arrange selections by theme within their roughly quarter-century periods. That plan foundered on the breadth of issues many contributors explore. Finally, chronology alone seemed adequate and appropriate; I try to sketch themes and connections in my introductory comments. Chronology—usually of publication, occasionally of subject matter—reveals characteristic preoccupations and repetitions with minimal anachronism. It exposes, for example, the crisis of confidence in technology that arose with the Great Depression, the challenge to technology the environmental movement of the 1960s and 1970s launched, the recurring testing of links between innovation and job loss. The result is a species of textual archeology, levels exposed from the earliest to the most recent in turn. The index cross-references them; the bibliography points to the original source.


Thanks to Paul Kennedy, who recommended my editorial associate Stephen Kim. Stephen spent two summers sorting through the first half of the century in the stacks and archives of Sterling Memorial Library at Yale University. Jeff Wheelwright then contributed from his own extensive experience and archives as a science writer and from library investigations into the second half of the century. I consulted the distinguished members of the advisory committee and queried Technology Book Series contributors, but minimized overlap with their books. I’ve been reading about technology since early childhood and reporting and writing about it for more than thirty years, and obviously drew on that knowledge and experience as well.


Here then is a chronological and topical range of twentieth-century assessments of what technology is, who does it, how it works and what values it sustains.


GLADE


MAY 1993–JUNE 1998







I. THE NEW TECHNOLOGY:
1900–1933









AMERICA IN 1900
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MARK SULLIVAN



Journalist Mark Sullivan’s six-volume compendium Our Times chronicles the first decades of the new century from the perspective of the late 1920s. Early in the first volume, Sullivan catalogs what Americans had not yet experienced of technology and social mores at the turn of the century.


In his newspapers of January 1, 1900, the American found no such word as radio,1 for that was yet twenty years from coming; nor “movie,” for that too was still mainly of the future; nor chauffeur, for the automobile was only just emerging and had been called “horseless carriage” when treated seriously, but rather more frequently, “devil-wagon,” and the driver, the “engineer.” There was no such word as aviator—all that that word implies was still a part of the Arabian Nights. Nor was there any mention of income tax or surtax, no annual warning of the approach of March 15 [sic: the income-tax-filing deadline was later moved to April]—all that was yet thirteen years from coming. In 1900 doctors had not yet heard of 606 [i.e., biochemist Paul Ehrlich’s “magic bullet” for syphilis, reported in 1910] or of insulin; science had not heard of relativity or the quantum theory. Farmers had not heard of tractors, nor bankers of the Federal Reserve System. Merchants had not heard of chain-stores nor “self-service”; nor seamen of oil-burning engines. Modernism had not been added to the common vocabulary of theology, nor futurist and “cubist” to that of art. . . .


The newspapers of 1900 contained no menton of smoking by women,2 nor of “bobbing,” nor “permanent wave,” nor vamp, nor flapper, nor jazz, nor feminism, nor birth-control. There was no such word as rum-runner, nor hijacker, nor bolshevism, fundamentalism, behaviorism, Nordic, Freudian, complexes, ectoplasm, brain-storm, Rotary, Kiwanis, blue-sky law, cafeteria, automat, sundae; nor mah-jong, nor crossword puzzle. Not even military men had heard of camouflage; neither that nor “propaganda” had come into the vocabulary of the average man. “Over the top,” “zero hour,” “no man’s land” meant nothing to him. “Drive” meant only an agreeable experience with a horse. The newspapers of 1900 had not yet come to the lavishness of photographic illustration that was to be theirs by the end of the quarter-century. There were no rotogravure sections. If there had been, they would not have pictured boy scouts, nor State constabularies, nor traffic cops, nor Ku Klux Klan parades; nor women riding astride, nor the nudities of the Follies, nor one-piece bathing suits, nor advertisements of lipsticks, nor motion-picture actresses, for there were no such things.


In 1900, “short-haired woman” was a phrase of jibing; women doctors were looked on partly with ridicule, partly with suspicion. Of prohibition and votes for women, the most conspicuous function was to provide material for newspaper jokes. Men who bought and sold lots were still real-estate agents, not “realtors.” Undertakers were undertakers, not having yet attained the frilled euphemism of “mortician.” There were “star-routes” yet—rural free delivery had only just made a faint beginning; the parcel post was yet to wait thirteen years. In 1900, “bobbing” meant sliding down a snow-covered hill; women had not yet gone to the barber-shop. For the deforestation of the male countenance, the razor of our grandfathers was the exclusive means; men still knew the art of honing. The hairpin, as well as the bicycle, the horseshoe, and the buggy were the bases of established and, so far as anyone could foresee, permanent businesses. Ox-teams could still be seen on country roads; horse-drawn street-cars in the cities. Horses or mules for trucks were practically universal;3 livery-stables were everywhere. The blacksmith beneath the spreading chestnut-tree was a reality; neither the garage mechanic nor the chestnut blight had come to retire that scene to poetry. The hitching-post had not been supplanted by the parking problem. Croquet had not yet given way to golf. “Boys in blue” had not yet passed into song. Army blue was not merely a sentimental memory, had not yet succumbed to the invasion of utilitarianism in olive green. G. A. R. [Grand Army of the Republic, an organization established by Civil War veterans of the Union army and navy] were still potent letters. . . .


Only the Eastern seaboard had the appearance of civilization having really established itself and attained permanence. From the Alleghenies to the Pacific Coast, the picture was mainly of a country still frontier and of a people still in flux: the Allegheny mountainsides scarred by the axe, cluttered with the rubbish of improvident lumbering, blackened with fire; mountain valleys disfigured with ugly coal-breakers, furnaces, and smokestacks; western Pennsylvania and eastern Ohio an eruption of ungainly wooden oil-derricks; rivers muddied by the erosion from lands cleared of trees but not yet brought to grass, soiled with the sewage of raw new towns and factories; prairies furrowed with the first breaking of sod. Nineteen hundred was in the floodtide of railroad-building: long fingers of fresh dirt pushing up and down the prairies, steam-shovels digging into virgin land, rock-blasting on the mountainsides. On the prairie farms, sod houses were not unusual. Frequently there were no barns, or, if any, mere sheds. Straw was not even stacked, but rotted in sodden piles. Villages were just past the early picturesqueness of two long lines of saloons and stores, but not yet arrived at the orderliness of established communities; houses were almost wholly frame, usually of one story, with a false top, and generally of a flimsy construction that suggested transiency; larger towns with a marble Carnegie Library at Second Street, and Indian tepees at Tenth. Even as to most of the cities, including the Eastern ones, their outer edges were a kind of frontier, unfinished streets pushing out to the fields; sidewalks, where there were any, either of brick that loosened with the first thaw, or wood that rotted quickly; rapid growth leading to rapid change. At the gates of the country, great masses of human raw materials were being dumped from immigrant ships. Slovenly immigrant trains tracked westward. Bands of unattached men, floating labor, moved about from the logging camps of the winter woods to harvest in the fields, or to railroad-construction camps. Restless “sooners” wandered hungrily about to grab the last opportunities for free land.


One whole quarter of the country, which had been the seat of its most ornate civilization, the South, though it had spots of melancholy beauty, presented chiefly the impression of the weedy ruins of thirty-five years after the Civil War, and comparatively few years after Reconstruction—ironic word. . . .


In 1900 the United States was a nation of just under 76,000,000 people.



MESSAGES WITHOUT WIRES
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GUGLIELMO MARCONI, 1901



The twentieth century opened to major invention. Here a faint signal in Morse code inaugurates a new era in world communication.


Shortly before midday [December 12, 1901, in a hut on the cliffs at St. John’s, Newfoundland] I placed the single earphone to my ear and started listening. The receiver on the table before me was very crude—a few coils and condensers and a coherer—no [vacuum tubes], no amplifiers, not even a crystal. But I was at last on the point of putting the correctness of all my beliefs to test. The answer came at 12:30 when I heard, faintly but distinctly, pip-pip-pip. I handed the phone to Kemp: “Can you hear anything?” I asked. “Yes,” he said, “the letter S”—he could hear it. I knew then that all my anticipations had been justified. The electric waves sent out into space from Poldhu [Cornwall] had traversed the Atlantic—the distance, enormous as it seemed then, of 1,700 miles—unimpeded by the curvature of the earth. The result meant much more to me than the mere successful realization of an experiment. As Sir Oliver Lodge has stated, it was an epoch in history. I now felt for the first time absolutely certain that the day would come when mankind would be able to send messages without wires not only across the Atlantic but between the farthermost ends of the earth.



A VERY LOUD ELECTROMAGNETIC VOICE
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P. T. MCGRATH, 1902



A writer in Century Magazine imagines how Marconi’s invention might work and descries in the distance the cellular phone.


If a person wanted to call to a friend he knew not where, he would call in a very loud electromagnetic voice, heard by him who had the electromagnetic ear, silent to him who had it not. “Where are you?” he would say. A small reply would come “I am at the bottom of a coal mine, or crossing the Andes, or in the middle of the Atlantic.” Or, perhaps in spite of all the calling, no reply would come, and the person would then know that his friend was dead. Think of what this would mean, of the calling which goes on every day from room to room of a house, and then think of that calling extending from pole to pole, not a noisy babble, but a call audible to him who wants to hear, and absolutely silent to all others. It would be almost like dreamland and ghostland, not the ghostland cultivated by a heated imagination, but a real communication from a distance based on true physical laws.



WILBUR WRIGHT’S AFFLICTION
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WILBUR WRIGHT, 1900



When Wilbur Wright wrote engineer and aviation pioneer Octave Chanute for the first time, on May 13, 1900, asking advice, he and his brother Orville had already begun flying aircraft-scale kites and were three years away from powered flight.


For some years I have been afflicted with the belief that flight is possible to man. My disease has increased in severity and I feel that it will soon cost me an increased amount of money if not my life. I have been trying to arrange my affairs in such a way that I can devote my entire time for a few months to experiment in this field.


My general ideas of the subject are similar to those held by most practical experimenters, to wit: that what is chiefly needed is skill rather than machinery. The flight of the buzzard and similar sailers is a convincing demonstration of the value of skill, and the partial needlessness of motors. It is possible to fly without motors, but not without knowledge & skill. This I conceive to be fortunate, for man, by reason of his greater intellect, can more reasonably hope to equal birds in knowledge, than to equal nature in the perfection of her machinery.




[image: diagram]


First sustained flight at Kitty Hawk, 1903. Orville Wright: “I got on the machine at 10:35 for the first trial. . . . Time about 12 seconds.”





Assuming then that Lilienthal was correct in his ideas of the principles on which man should proceed, I conceive that his failure was due chiefly to the inadequacy of his method, and of his apparatus. As to his method, the fact that in five years’ time he spent only about five hours, altogether, in actual flight is sufficient to show that his method was inadequate. Even the simplest intellectual or acrobatic feats could never be learned with so short practice, and even Methuselah could never have become an expert stenographer with one hour per year for practice. I also conceive Lilienthal’s apparatus to be inadequate not only from the fact that he failed, but my observations of birds convince me that birds use more positive and energetic methods of regaining equilibrium than that of shifting the center of gravity.


With this general statement of my principles and belief I will proceed to describe the plan and apparatus it is my intention to test. In explaining these, my object is to learn to what extent similar plans have been tested and found to be failures, and also to obtain such suggestions as your great knowledge and experience might enable you to give me. I make no secret of my plans for the reason that I believe no financial profit will accrue to the inventor of the first flying machine, and that only those who are willing to give as well as to receive suggestions can hope to link their names with the honor of its discovery. The problem is too great for one man alone and unaided to solve in secret.



A HORSELESS CARRIAGE WAS A COMMON IDEA
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HENRY FORD



Farm labor is hard. It was even harder before the advent of power machinery. In his autobiography, My Life and Work, Henry Ford recalled that he began the work that led to the automobile intending to invent a better tractor.


Ahorseless carriage was a common idea. People had been talking about carriages without horses for many years back—in fact, ever since the steam engine was invented—but the idea of the carriage at first did not seem so practical to me as the idea of an engine to do the harder farm work, and of all the work on the farm ploughing was the hardest. . . .
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Henry Ford in his first automobile, 1896.





It was not difficult for me to build a steam wagon or tractor. In the building of it came the idea that perhaps it might be made for road use. I felt perfectly certain that horses, considering all the bother of attending them and the expense of feeding, did not earn their keep. The obvious thing to do was to design and build a steam engine that would be light enough to run an ordinary wagon or to pull a plow. I thought it most important first to develop the tractor. To lift farm drudgery off flesh and blood and lay it on steel and motors has been my most constant ambition. It was circumstances that took me first into the actual manufacture of motor cars. I found eventually that people were more interested in something that would travel on the road than in something that would do the work on the farms.



PRAYING TO THE DYNAMO
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HENRY ADAMS, 1900



Not everyone admired the new technologies, much less understood them, and even scientists and engineers found some of them uncomfortable. Henry Adams, for one, the historian and social observer, born in 1838 to a family that “for three generations,” as an heir wrote, “. . . had power to direct the destiny of nations,” thought the Dynamo as incomprehensible as the Virgin; his friend Samuel Pierpoint Langley, the physicist, Smithsonian secretary and aeronautical pioneer, was queasy about the new discovery of radioactivity. Writing of himself in the third person, Adams in his Education defines the conflict of the two cultures that C. P. Snow would find still dissonant half a century later.


Until the Great Exposition of 1900 closed its doors in November, Adams haunted it, aching to absorb knowledge, and helpless to find it. He would have liked to know how much of it could have been grasped by the best-informed man in the world. While he was thus meditating chaos, Langley came by, and showed it to him. At Langley’s behest, the Exhibition dropped its superfluous rags and stripped itself to the skin, for Langley knew what to study, and why, and how; while Adams might as well have stood outside in the night, staring at the Milky Way. Yet Langley said nothing new, and taught nothing that one might not have learned from Lord Bacon, three hundred years before; but though one should have known the “Advancement of Science” as well as one knew the “Comedy of Errors,” the literary knowledge counted for nothing until some teacher should show how to apply it. Bacon took a vast deal of trouble in teaching King James I and his subjects, American or other, towards the year 1620, that true science was the development or economy of forces; yet an elderly American in 1900 knew neither the formula nor the forces; or even so much as to say to himself that his historical business in the Exposition concerned only the economies or developments of force since 1893, when he began the study at Chicago.


Nothing in education is so astonishing as the amount of ignorance it accumulates in the form of inert facts. Adams had looked at most of the accumulations of art in the storehouses called Art Museums; yet he did not know how to look at the art exhibits of 1900. He had studied Karl Marx and his doctrines of history with profound attention, yet he could not apply them at Paris. Langley, with the ease of a great master of experiment, threw out of the field every exhibit that did not reveal a new application of force, and naturally threw out, to begin with, almost the whole art exhibit. Equally, he ignored almost the whole industrial exhibit. He led his pupil directly to the forces. His chief interest was in new motors to make his airship feasible, and he taught Adams the astonishing complexities of the new Daimler motor, and of the automobile, which, since 1893, had become a nightmare at a hundred kilometers an hour, almost as destructive as the electric tram which was only ten years older; and threatening to become as terrible as the locomotive steam-engine itself, which was almost exactly Adams’s own age.


Then he showed his scholar the great hall of dynamos, and explained how little he knew about electricity or force of any kind, even of his own special sun, which spouted heat in inconceivable volume, but which, as far as he knew, might spout less or more, at any time, for all the certainty he felt in it. To him, the dynamo itself was but an ingenious channel for conveying somewhere the heat latent in a few tons of poor coal hidden in a dirty engine-house carefully kept out of sight; but to Adams the dynamo became a symbol of infinity. As he grew accustomed to the great gallery of machines, he began to feel the forty-foot dynamos as a moral force, much as the early Christians felt the Cross. The planet itself seemed less impressive, in its old-fashioned, deliberate, annual or daily revolution, than this huge wheel, revolving within an arm’s-length at some vertiginous speed, and barely murmuring—scarcely humming an audible warning to stand a hair’s-breadth further for respect of power—while it would not wake the baby lying close against its frame. Before the end, one began to pray to it; inherited instinct taught the natural expression of many before silent and infinite force. Among the thousand symbols of ultimate energy, the dynamo was not so human as some, but it was the most expressive.


Yet the dynamo, next to the steam-engine, was the most familiar of objects. For Adams’s objects its value lay chiefly in its occult mechanism. Between the dynamo in the gallery of machines and the engine-house outside, the break of continuity amounted to abysmal fracture for a historian’s objects. No more relation could he discover between the steam and the electric current than between the Cross and the cathedral. The forces were interchangeable if not reversible, but he could see only an absolute fiat in electricity as in faith. Langley could not help him. Indeed, Langley seemed to be worried by the same trouble, for he constantly repeated that the new forces were anarchical, and specially that he was not responsible for the new rays, that were little short of parricidal in their wicked spirit towards science. His own rays, with which he had doubled the solar spectrum, were altogether harmless and beneficent; but Radium denied its God—or, what was to Langley the same thing, denied the truths of his Science. The force was wholly new.



THE AMERICAN WILL NOT LIVE NEAR HIS WORK
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CHARLES M. SKINNER, 1902



The “electric tram” that Henry Adams thought “destructive” was creating new suburbs around American cities at the turn of the century, this Atlantic Monthly essayist notes, and changing much else besides.


What are the conditions [the electric trolley car] has made? Quicker transit, with cleaner, larger cars, heated and lighted by electricity. . . .


The dismissal of the horse from car service, to the cheapening of that animal, the saving and cleanness of our streets, and the sparing of no end of feelings.


Increased scope in service, for not only are the usual closed and open cars operated in the cities, but postal cars, parlor cars, express cars, repair cars, coal cars, freight cars, even, and there is a report that one line, with an important rural extension, is to have dining and sleeping cars!


A much up-building of suburbs and the emergence on the map of a thousand Daisy Knolls, Sparrow Parks, and Maplehursts.


An increase in the size and number of melancholy institutions called pleasure resorts, within reach of the cities; therefore, the vexation of hitherto tranquil regions by rowdies and picnic parties.


The hurt to faraway hotels and boarding places, through this diversion of holiday makers to beaches and beer gardens near home.


The disfigurement of streets and injury to roads worked by the erection of poles, the stringing of wires, the cutting of pavements, the lopping of shade trees, and the blight of vegetation due to escaping currents.


A multiplication of the dangers and bothers of street traffic through increased speed in the cars, blown-out fuses, broken wires, and charged rails.


An immense increase in the capital invested in local transportation; hence, an increase in corporate and public wealth through dividends and taxes.


The promise of a wide extension of electric power to other vehicles and other industries.


The lowering of our standard of public manners, due to the overcrowding of cars.


Of these conditions, or elements in a condition, that is happiest which tends to deplete the city and persuade the people into roomier, healthier districts, where factories and slums are not; where flowers and trees are many. . . .


On one point the American is determined: he will not live near his work. You shall see him in the morning, one of sixty people in a car built for twenty-four, reading his paper, clinging to a strap, trodden, jostled, smirched, thrown into harrowing relations with men who drink whiskey, chew tobacco, eat raw onions, and incontinently breathe; and after thirty minutes of this contact, with the roar of the streets in his ears, with languid clerks and pinguid market women leaning against him, he arrives at his office. The problems of his homeward journey in the evening will be still more difficult, because, in addition to the workers, the cars must carry the multitude of demoiselles who shop and go to matinees. To many men and women of business a seat is an undreamed luxury. Yet, they would be insulted if one were to ask why they did not live over their shops, as Frenchmen do, or back of them, like Englishmen. It is this uneasy instinct of Americans, this desire of their families to separate industrial and social life, that makes the use of the trolley car imperative, and the street railway in this manner widens the life and dominion of the people; it enables them to distribute themselves over wider spaces and unwittingly to symbolize the expansiveness of the nation.



THE PROFESSION OF ENGINEERING
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HERBERT HOOVER



Engineering was just becoming a profession at the turn of the century, one of its most eminent practitioners reports in his Memoirs.


It was the American universities that took engineering away from rule-of-thumb surveyors, mechanics, and Cornish foremen and lifted it into the realm of application of science. . . . The European universities did not acknowledge engineering as a profession until long after America had done so. I took part in one of the debates at Oxford as to whether engineering should be included in its instruction. . . . I cited the fact that while various special technical colleges had been existent in England for a long time, yet there were more than a thousand American engineers of all breeds in the British Empire, occupying top positions.


Soon after the Oxford discussions, I returned to America. At my ship’s table sat an English lady of great cultivation and a happy mind, who contributed much to the evanescent conversation on government, national customs, literature, art, industry, and whatnot. We were coming up New York harbor at the final farewell breakfast, when she turned to me and said:


“I hope you will forgive my dreadful curiosity, but I should like awfully to know—what is your profession?”


I replied that I was an engineer. She emitted an involuntary exclamation, and “Why, I thought you were a gentleman!”



A RESERVOIR OF SUFFERING HUMANITY
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RICHARD RHODES



Innovations in medicine at places like the newly founded Mayo Clinic of Rochester, Minnesota, met a backlog of accumulated human need in the first decades of the new century. I visited the Mayo Clinic to write about it for a new edition of my first book, The Inland Ground.


There was a reservoir of suffering humanity in the Upper Middle West then—at the close of the 19th century—as everywhere else in the world. The dam that confined it was medical ignorance, ignorance that was just giving way. Anesthesia first, then antiseptic technique and finally the superior gloves and gowns and sterilization of aseptic surgery began to make healing possible.


The Mayo brothers didn’t often originate the new surgical procedures. What they usually did was refine them, perfect them, perform them in incredible numbers and with observant care and reduce their mortality until finally they became routine. Ten gallbladder operations in 1895 became 75 in 1900 and 324 in 1905. In 1905 the Mayos performed 2,157 abdominal operations in all. They were boyish-looking men when they were young, dressed in country suitings. When they showed up at Eastern medical meetings with their careful reports, claiming to have performed hundreds of operations in a town of six thousand souls (in 1904 they reported jointly on 1,000 gallbladder procedures when many surgeons had not yet performed ten), they were sometimes taken for charlatans. They evolved a stock answer for doubters: “Come and see.” Eventually the doubters did, and went away convinced.


Long before patients visited them from everywhere in the world, the Mayos healed the sick around them: the chronic gallbladders and infected appendixes misdiagnosed as “colic” and “stomach disease” and “dyspepsia”; the tens of thousands of goiters in those regions without iodine in their soil (the Mayo Clinic treated 37,228 cases of goiter between 1892 and 1934); the ovarian cysts that grew so large, filling with fluid, that women sometimes wore special harnesses their husbands made for them to hold their abdomens up (the largest ever removed at Mayo, in 1920, weighed 139.5 pounds) but that no one had dared to extract except in extremity. These the Mayos worked night and day to heal, and the word went out that, almost alone in those parts at first, they could. “As I look back over those early years,” Dr. Will said later, “I am impressed with the fact that much of our success, if not most of it, was due to the time at which we entered medicine.”
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Wilhelm Roentgen’s first X ray, 1898.






THE CHARGE OF THE FOUR HUNDRED
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ANONYMOUS, 1904



At the turn of the century, automobiles were an ostentatious luxury of the rich, as this parody of “The Charge of the Light Brigade,” from the old Life magazine, implies.


Half a block, half a block,


Half a block onward,


All in their motobiles


Rode the Four Hundred.


“Forward!” the owners shout,


“Racing-car!” “Runabout!”


Into Fifth Avenue


Rode the Four Hundred.


“Forward!” the owners said.


Was there a man dismay’d?


Not, though the chauffeurs knew


Someone had blundered.


Theirs not to make reply,


Theirs not to reason why,


Theirs but to kill or die.


Into Fifth Avenue


Rode the Four Hundred.



THE DISCIPLINE OF THE MACHINE
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THORSTEIN VEBLEN, 1904



As well as revealing the striving for social status that he believed underlay economic decision, Veblen explored the effects on values of what he called “the machine process” in his The Discipline of the Machine.


The machine process pervades the modern life and dominates it in a mechanical sense. Its dominance is seen in the enforcement of precise mechanical measurements and adjustment and the reduction of all manner of things, purposes and acts, necessities, conveniences, and amenities of life, to standard units. . . .


Wherever the machine process extends, it sets the pace for the workmen, great and small. . . . Mechanically speaking, the machine is not his to do with as his fancy may suggest. His place is to take thought of the machine and its work in terms given him by the process that is going forward. . . .


The machine process compels a more or less unremitting attention to phenomena of an impersonal character and to sequences and correlations not created by habit and custom. The machine throws out anthropomorphic habits of thought. . . . [It] gives no insight into questions of good and evil, merit and demerit, except in point of material causation, nor into the foundations or the constraining force of law and order, except such mechanically enforced law and order as may be stated in terms of pressure, temperature, velocity, tensile strength, etc. The machine technology takes no cognizance of conventionally established rules of precedence; it knows neither manners nor breeding and can make no use of any of the attributes of worth. Its scheme of knowledge and of inference is based on the laws of material causation, not on those of immemorial custom, authenticity, or authoritative enactment. Its metaphysical basis is the law of cause and effect. . . .


The ubiquitous presence of the machine, with its spiritual concomitant—workday ideals and skepticism of what is only conventionally valid—is the unequivocal mark of the western culture of today as contrasted with the culture of other times and places.



A GOOD REASON FOR EVERYTHING THAT HE TRIES
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RICHARD C. MACLAURIN



Thomas Alva Edison’s extraordinary record of invention in the last quarter of the nineteenth century and the first quarter of the twentieth made him famous throughout the world. He cultivated the common touch, an observer comments in the journal Science; it obscured the debt he owed to scientific method.


Edison more than any one else in this country has taught men to see something of what science can do. . . . With such an embarrassment of riches, it is scarcely practicable even to single out a few of his great accomplishments. Many of you are familiar with what he did in the early days by way of improving the duplex and quadruplex systems of telegraphy, you know of his invention of the contact transmitter and his development of the loud-speaking telephone, of his marvelous invention of the phonograph (Edison being the first to make a record that would reproduce sound), you think of his wonderful work in 1878 and later years in developing the incandescent lamp, and you realize that he practically made the whole incandescent system, not only inventing the lamp, but turning his attention to all its adjuncts, improving the dynamos for such work and providing the necessary means for the distribution of power over large areas. You recognize that he laid the foundations for the design of central power stations and that his Pearl Street Station was a landmark in the history of science. His work in this field is truly phenomenal, the three-wire distribution, the system of feeders entering the network of mains at different points, the underground conductor system, the bus system in stations, the innumerable accessories of switches, fuses, meters, etc., that he provided are each achievements that would make the fame of any individual. You appreciate the remarkable character of his later work in developing the apparatus of moving pictures and you agree that what he has done still more recently in perfecting the alkaline storage cell is a splendid example of energy and persistence in attacking a difficult problem. Thinking of all these things, you can not fail to be impressed with two things—the enormous range of his activities and the wonderful simplicity of many of his devices. After all, simplicity of device is always the sign of the master, whether in science or in art. In studying Edison you have something of the same impression as in studying Newton—you are surprised how easy are the steps. Someone asked Lord Kelvin why no one before Edison had invented so simple a thing as the feeder system. “The only reason I can think of,” he said, “is that no one else was Edison.” As to the range of his activities, he has been associated in some way with so many of the great modern developments that people sometimes speak as if he had invented everything, even electricity itself, or if they do not go to this length, they find it necessary to explain why he did not invent this or that. The fact that his name is not intimately associated with one of the great modern achievements—the development of the aeroplane—has called forth numerous ingenious explanations. . . . Seeing that he has done so much, we need not spend much time in wondering why he has not done more. Nor need we attempt the impossible in the effort to measure the debt that mankind owes to him. Such statements as have been made to the effect that his inventions have given rise to industries that employ nearly a million of men and thousands of millions of capital really give no adequate sense of the value of his achievements, although they may be of some use as a very rough indication of the scale of his activities.


Not only has he shown his faith in science by great achievements, but he has proved himself a great force in education by giving so brilliant an exhibition of the method of science, the method of experimentation. When we get to the root of the matter we see that nearly all great advances are made by improvements in method. There is no evidence that men are abler in the twentieth century than they were in the Middle Ages, but they have learned a new method. “It was in Boston,” said Edison, “that I bought Faraday’s works, and appreciated that he was the master experimenter.” It is interesting to think what Edison’s appreciation of this fact has meant for the world. . . . He is no slave to theory; he is ready, as every scientific man is ready, to try anything that seems reasonable, but practically always he has what seems to him a good reason for everything that he tries. In the rare case where he has tried blindly, it has been because there was absolutely no light.


One man, the Archbishop of Canterbury, when asked [in 1900] what was the chief danger threatening the coming century, replied: “I have not the slightest idea.”


MARK SULLIVAN


It is our confident claim that applied science, if carried out according to our program, will succeed in achieving for humanity, above all for the city industrial worker, results even surpassing in value those today in effect on the farm.


THEODORE ROOSEVELT TO WILLIAM HOWARD TAFT, 1908


In the past the man has been first; in the future the system must be first.


FREDERICK WINSLOW TAYLOR, 1911


Electricity, carrier of light and power; devourer of time and space; bearer of human speech over land and sea; greatest servant of man—yet itself unknown.


CHARLES W. ELIOT, INSCRIPTION FOR UNION DEPOT, WASHINGTON, D.C.


My main interest is in the aeroplane as a real promoter of civilization.


ORVILLE WRIGHT, 1917


On the day when two armies will be able to annihilate each other in one second all civilized nations will recoil from war in horror and disband their forces.


ALFRED NOBEL, 1890


Pioneering don’t pay.


ANDREW CARNEGIE, C. 1910


It is like writing history with lightning.


WOODROW WILSON, 1915 (after seeing D. W. Griffith’s THE BIRTH OF A NATION, the first motion picture ever shown in the White House)



FORTY DOSES OF CHEMICALS AND COLORS
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MARK SULLIVAN



The purity of food was a burning issue in 1903 just as it is today.


At the annual meeting of the National Association of State Dairy and Food Departments at St. Paul in 1903, a report on “The Use of Coloring Matter and Antiseptics in Food Products” was read by the State Analyst of South Dakota, James H. Shepard, to whom training in chemistry had given a bent for austere truth, as well as a convincing way of setting out proof. That extraneous substances appeared in most of the articles in common use for food, he took for granted. . . . What he was intent on showing was the aggregate of such substances absorbed in a day by the average person, and the effect of such an aggregate on the human body. This was his answer to some food manufacturers who, unable to conceal their use of chemicals and other adulterants, claimed the amount in the portion for a single meal was so small as to be harmless.


“In order,” said Professor Shepard, “to bring this matter out more forcibly, I have prepared a menu for one day such as any family in the United States might possibly use, and I am not sure but the working man in our cities would be quite likely to use it.” Professor Shepard’s menu, omitting the few articles not commonly adulterated, such as potatoes, was:


BREAKFAST


Sausage, coal-tar dye and borax.


Bread, alum.


Butter, coal-tar dye.


Canned cherries, coal-tar dye and salicylic acid.


Pancakes, alum.


Syrup, sodium sulphite.


This gives eight doses of chemicals and dyes for breakfast.


DINNER


Tomato soup, coal-tar dye and benzoic acid.


Cabbage and corned beef, saltpetre.


Canned scallops, sulphurous acid and formaldehyde.


Canned peas, salicylic acid.


Catsup, coal-tar dye and benzoic acid.


Vinegar, coal-tar dye.


Bread and butter, alum and coal-tar dye.


Mince pie, boracic acid.


Pickles, copperas, sodium sulphite, and salicylic acid.


Lemon ice cream, methyl alcohol.


This gives sixteen doses for dinner.


SUPPER


Bread and butter, alum and coal-tar dye.


Canned beef, borax.


Canned peaches, sodium sulphite, coal-tar dye and salicylic acid.


Pickles, copperas, sodium sulphite, and formaldehyde.


Catsup, coal-tar dye and benzoic acid.


Lemon cake, alum.


Baked pork and beans, formaldehyde.


Vinegar, coal-tar dye.


Currant jelly, coal-tar dye and salicylic acid.


Cheese, coal-tar dye.


This gives sixteen doses for supper.


Congressman Augustus O. Stanley of Kentucky defended the blending, but not the adulteration, of whiskey in a rollicking 1906 speech in the U.S. House of Representatives.


I want to say this, that I have no objection to a man blending two kinds of whiskey, but I do object to his making any kind of whiskey “while you wait.” Here is a quart of alcohol [holding it up]. It will eat the intestines out of a coyote. It will make a howling dervish out of an anchorite. It will make a rabbit spit in a bulldog’s face. It is pure alcohol, and under the skill of the rectifier he will put in a little coloring matter and then a little bead oil [illustrating]. I drop that in it. Then I get a little essence of Bourbon whiskey, and there is no connoisseur in this House who can tell that hellish concoction from the genuine article; and that is what I denounce. [Applause.] I say that the coloring matter is not harmful; I say that the caramels are not harmful; but I say that the body, the stock, of the whiskey I made is rank alcohol, and when it gets into a man it is pure hell. [Applause.]



THE WONDERFUL CULEBRA CUT
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DAVID MCCULLOUGH



The Panama Canal, which the United States built in the years 1904–1914, captured the imagination of the world, the Pulitzer Prize–winning historian reports.


The “special wonder of the canal” was Culebra Cut. It was the great focus of attention, regardless of whatever else was happening at Panama. The building of Gatun Dam or the construction of the locks, projects of colossal scale and expense, were always of secondary interest so long as the battle raged in that nine-mile stretch between Bas Obispo and Pedro Miguel. The struggle lasted seven years, from 1907 through 1913, when the rest of the world was still at peace, and in the dry seasons, the tourists came by the hundreds, by the thousands as time went on, to stand and watch from grassy vantage points hundreds of feet above it all. . . . “He who did not see the Culebra Cut during the mighty work of excavation,” declared an author of the day, “missed one of the great spectacles of the ages—a sight that no other time, or place was, or will be, given to man to see.” Lord Bryce called it the greatest liberty ever taken with nature.
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Digging the Panama Canal: Culebra Cut.





A spellbound public read of cracks opening in the ground, of heartbreaking landslides, of the bottom of the canal mysteriously rising. Whole sides of mountains were being brought down with thunderous blasts of dynamite. A visiting reporter engaged in conversation at a tea party felt his chair jump half an inch and spilled a bit of scalding tea on himself.


To Joseph Bucklin Bishop, writing of “The Wonderful Culebra Cut,” the most miraculous element was the prevailing sense of organization one felt. “It was organization reduced to a science—the endless-chain system of activity in perfect operation.”


On either side were the grim, forbidding, perpendicular walls of rock, and in the steadily widening and deepening chasm between—the first man-made canyon in the world—a swarming mass of men and rushing railway trains, monster-like machines, all working with ceaseless activity, all animated seemingly by human intelligence, without confusion or conflict anywhere. . . . The rock walls gave place here and there to ragged sloping banks of rock and earth left by the great slides, covering many acres and reaching far back into the hills, but the ceaseless human activity prevailed everywhere. Everybody knew what he was to do and was doing it, apparently without verbal orders and without getting in the way of anybody else. . . .


Generally, the more the observer knew of engineering and construction work, the higher and warmer was his appreciation.


Panoramic photographs made at the height of the work gave an idea of how tremendous that canyon had become. But the actual spectacle, of course, was in vibrant color. The columns of coal smoke that towered above the shovels and locomotives—“a veritable Pittsburgh of smoke”—were blue-black turning to warm gray; exposed clays were pale ocher, yellow, bright orange, slate blue, or a crimson like that of the soil of Virginia; and the vibrant green of the near hills was broken by cloud shadow into great patchworks of sea blue and lavender.


The noise level was beyond belief. On a typical day there would be more than three hundred rock drills in use and their racket alone—apart from the steam shovels, the trains, the blasting—could be heard for miles. In the crevice between Gold Hill and Contractors Hill, where the walls were chiefly rock, the uproar, reverberating from wall to wall, was horrible, head-splitting. . . .


Construction of the canal would consume more than 61,000,000 pounds of dynamite, a greater amount of explosive energy than had been expended in all the nation’s wars until that time. A single dynamite ship arriving at Colón carried as much as 1,000,000 pounds—20,000 fifty-pound boxes of dynamite in one shipload—all of which had to be unloaded by hand, put aboard special trains, and moved to large concrete magazines built at various points back from the congested areas.


At least half the labor force was employed in some phase of dynamite work. Those relatively few visitors permitted to walk about down in the Cut saw long lines of black men march by with boxes of dynamite on their heads, gangs of men on the rock drills, more men doing nothing but loading sticks of dynamite into the holes that had been drilled. The aggregate depth of the dynamite holes drilled in an average month in Culebra Cut (another of those statistics that defy the imagination) was 345,223 feet, or more than sixty-five miles. In the same average month more than 400,000 pounds of dynamite were exploded, which meant that all together more than 800,000 dynamite sticks with their brown paper wrappings, each eight inches long and weighing half a pound, had been placed in those sixty-five miles of drill holes, and again all by hand. . . .


Premature explosions occurred all too often as the pace of work increased. “We are having too many accidents with blasts,” [chief engineer George W.] Goethals noted in June 1907. “One killed 9 men on Thursday at Pedro Miguel. The foreman blown all to pieces.” Several fatal accidents were caused when shovels struck the cap of an unexploded charge. Another time a twelve-ton charge went off prematurely when hit by a bolt of lightning, killing seven men. Looking back years later, one West Indian remembered, “The flesh of men flew in the air like birds many days.”



DIGNITY VERSUS INTOXICATION
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ROGER BURLINGAME



In his vigorous study Engines of Democracy, this historian of technology explores the emotional differences between railroads and the automobile in the latter’s earliest days.


America of the pre-war years was laid out, socially, according to railroad geography. Nowhere in the world had the railroad developed to such a point and everywhere were the marks of its culture. The vast system had been simplified and coordinated to facilitate long “through” journeys, eliminate stopovers and changes for passengers, route freight efficiently and promote speed. This had necessitated great changes in financial control, close interrelation of managements, standardization of freight rates. The whole industrial system depended on the effective handling of the immense bulk of freight. Without it, mass production on any considerable scale could not exist. Every factory must be on a spur. The perfect interplay of this elaborate system with all its mechanical aids, switches, signals, yards; the essential simplification of the labyrinthic complexity of rail—such things were the greatest achievements of the American genius in collectivity to date. The railroads might well be proud. And the people, always awed by the dignity of the giant rhythmic locomotive—colossal, sonorous, deep breathing, yet supple and flexible as a young athlete—the people were proud of their railroads.


Along the steel lines lay the great congested cities. Like magnets they had drawn the people from the wide pioneer dispersion. Had we, in the late nineteenth century, been able to see the whole land from the high air, we should have watched these little bodies, like iron filings moving in jerks over the lines of the railroad fields toward the magnet centers. Every day the trains disgorged their multitudes of bewildered boys and girls, men and women, sick in their souls of cows and corn and spaces, into the iron “deepos” [i.e., depots, train stations] from which a trolley car, harassed by its curves, would carry them into a new life, for better or worse.


Along thousands of spurs, smaller, jerkier trains moved through tens of thousands of small towns and villages. At each of their “deepos” stood a line of sleepy horses, hitched to patched buggies, muddy surreys, hotel stages. Leaning against every post and wall stood the bicycles. Occasionally, in 1910, there would be a strange, high, ugly contraption which the horses eyed aslant, uncertain whether it or the train were more alarming. Yet the train, the horses and the men knew, must stick to the tracks and there was no knowing what the newfangled thing might do. It was surrounded always by a crowd of curious, prophetic little boys waiting for the moment when a hand would seize its crank and startle it into violent explosion. It had neither dignity nor beauty; it was high, hideous and instinct with doubt.


If, in 1910, we should get into one of the horse buggies, we might drive for an hour over mud and ruts and find, at the end, a moribund hamlet with a decayed church, a few sleeping houses, a square brick school, a general store, a post office containing, perhaps, a telegraph key. There were thousands of these dead groupings, forgotten by the railroad world. In them, as in the isolated farms round about, people lived a life so remote and so monotonous that even the notorious assembly line would have been a relief to them. Indeed, from such places, many men were in constant migration toward the machines of production.


Should we take, instead of the buggy, the “contraption” we should be in for a period of high excitement. Whether “she” would get us home was always a live subject of speculation, though if our driver were a good mechanic there was reasonable expectation of arrival. As long as she moved, the sense of superiority to other men was acute beyond anything the human mind had yet experienced. The first railroad train bound by its track could have been nothing to it. The thrill of power and freedom in the driver, feeling the vibration and violence under his guiding hand, was intoxicating beyond his own belief.



PREDICTIONS: THE FLYING-MACHINE OF THE FUTURE
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WALDEMAR KAEMPFFERT, 1911



The science editor of The New York Times gets it partly right in this Harper’s speculation:


What will [the] flying-machine of the future be like? He would be a wise man indeed who could predict with any degree of accuracy its exact form and dimensions. The dreams of the old-time imaginative novelist seem almost to be realized now. Mr. R. W. A. Brewer, an English authority, sees a larger and a heavier machine than we have at present, a kind of air-yacht, weighing at least three tons, and built with a boat body. The craft of his fancy will be decked in. It will carry several persons conveniently, and will be provided with living and sleeping accommodations. He prophesies that it will fly at speeds of 150 to 200 miles an hour, for the reason that high speeds in flying mean less expenditure of power than lower speeds. Mr. F. W. Lancaster, another authority, entertains similar views on the necessity of high speed. He argues that the aeroplane speed must be twice that of the maximum wind in which the machine is to be driven. A certain amount of automatic stability is thus obtained; for a machine travelling at a hundred miles an hour is practically uninfluenced by gusts and eddies that might prove disastrous at thirty-five miles an hour. A modern Lusitania plunges undaunted through waves that would be perilous to a schooner. If it is ever possible for an aeroplane to travel at such terrific velocities, the United States will become the playground of the Chicago aviator. Daily trips of one thousand miles would not be extraordinary.


It seems certain that special starting and alighting grounds will be ultimately provided throughout the world. If street-cars must have their stables and their yards, it is not unreasonable to demand the provision of suitable aeroplane stations. Depots or towers will be erected for the storage of fuel and oil—garages on stilts, in a word. The aviator in need of supplies may some day signal his wants, lower a trailing line, and pick up gasoline by some such device as we now employ to catch mail-sacks on express trains. . . .


Compared with the flying-machine of the future, the motor-car will seem as tame and dull as a cart drawn by a weary nag on a dusty country road. Confined to no route in particular, free as a bird, an adventurous pilot can satisfy his craving for speed in the high-powered monoplane of the future. Even the most leisurely of air-touring machines will travel at velocities that only a racing-automobile now attains, while the air racer will flit over us, a mere blur to the eye and a buzz to the ear. In an hour or two a whole province will be traversed; in a day half a continent. Swifter than any storm will be the flight of its pilot. If the black, whirling maelstrom of a cyclone looms up before him, he can make a detour or even outspeed it; for the velocity of his machine will be greater than that of the fiercest of howling, wintry blasts. At a gale which now drives every aviator timorously to cover, he snaps a contemptuous finger, plunges through it in a breathless dash, and emerges again in the sunshine, as indifferent to his experience as a locomotive engineer after running through a drizzling rain.



A RAPID SUCCESSION OF IMPROVEMENTS
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GEORGE EASTMAN, 1912



George Eastman, who invented the film camera and founded Eastman Kodak, was one of many early twentieth-century technologists who recognized the value of industrial research.


I have come to think that the maintenance of a lead in the apparatus trade will depend greatly upon a rapid succession of changes and improvements, and with that aim in view, I propose to organize the Experimental Department in the Camera Works and raise it to a high degree of efficiency. If we can get out improved goods every year nobody will be able to get out original goods the same as we do.
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Frequency of basic innovations (new industries), 1740–1960.






EVERY WOMAN AN ENGINEER
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ELLEN SWALLOW RICHARDS, 1910



Ellen Swallow Richards, the first woman to earn a Bachelor of Science degree at MIT (in 1873), founded the home economics movement.


The work of homemaking in this scientific age must be worked out on engineering principles and with the cooperation of trained men and trained women. The mechanical setting of life becomes an important factor, and this new impulse is showing itself so clearly today for the modified construction and operation of the family home is the final crown or seal of the conquest of the last stronghold of conservatism, the homekeeper. Tomorrow, if not today, the woman who is to be really mistress of her house must be an engineer, so far as to be able to understand the use of machines.



A HIGH-PRICED MAN
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FREDERICK WINSLOW TAYLOR, 1911



Frederick Winslow Taylor defined a new movement of industrial efficiency based on observation and measurement in his book The Principles of Scientific Management.


The task before us . . . narrowed itself down to getting Schmidt to handle 47 tons of pig iron per day and making him glad to do it. This was done as follows. Schmidt was called out from among the gang of pig-iron handlers and talked to somewhat in this way:


“Schmidt, are you a high-priced man?”


“Vell, I don’t know vat you mean.”


“Oh yes, you do. What I want to know is whether you are a high-priced man or not.”


“Vell, I don’t know vat you mean.”


“Oh, come now, you answer my questions. What I want to find out is whether you are a high-priced man or one of these cheap fellows here. What I want to find out is whether you want to earn $1.85 a day or whether you are satisfied with $1.15, just the same as all those cheap fellows are getting.”


“Did I vant $1.85 a day? Vas dot a high-priced man? Vell, yes, I vas a high-priced man.”


“Oh, you’re aggravating me. Of course you want $1.85 a day—every one wants it! You know perfectly well that that has very little to do with your being a high-priced man. For goodness’ sake answer my questions and don’t waste any more of my time. Now come over here. You see that pile of pig-iron?”


“Yes.”


“You see that car?”


“Yes.”


“Well, if you are a high-priced man, you will load that pig-iron on that car tomorrow for $1.85. Now do wake up and answer my question. Tell me whether you are a high-priced man or not.”


“Vell—did I got $1.85 for loading dot pig iron on dot car tomorrow?”


“Yes, of course you do, and you get $1.85 for loading a pile like that every day right through the year. That is what a high-priced man does, and you know it just as well as I do.”


“Vell, dot’s all right. I could load dot pig iron on the car tomorrow for $1.85, and I get it every day, don’t I?”


“Certainly you do—certainly you do.”


“Vell, den, I vas a high-priced man.”


“Now, hold on, hold on. You know just as well as I do that a high-priced man has to do exactly as he’s told from morning till night. You have seen this man here before, haven’t you?”


“No, I never saw him.”


“Well, if you are a high-priced man, you will do exactly as this man tells you tomorrow, from morning till night. When he tells you to pick up a pig and walk, you pick it up and you walk, and when he tells you to sit down and rest, you sit down. You do that right straight through the day. And what’s more, no back talk. . . .”


Schmidt started to work, and all day long, and at regular intervals, was told by the man who stood over him with a watch, “Now pick up a pig and walk. Now sit down and rest. Now walk—now rest,” etc. He worked when he was told to work, and rested when he was told to rest, and at half past five in the afternoon had his 47 tons loaded on the car. And he practically never failed to work at this pace and do the task that was set him during the three years that the writer was at Bethlehem [Steel]. And throughout this time he averaged a little more than $1.85 per day, whereas before he had never received over $1.15 per day, which was the ruling rate of wages at that time in Bethlehem. That is, he received 60 percent higher wages than were paid to other men who were not working on task work. One man after another was picked out and trained to handle pig iron at the rate of 47 tons per day until all of the pig iron was handled at this rate, and the men were receiving 60 percent more wages than other workmen around them.
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