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			Introduction

			Inventing Edison

			Oil lamps burned late into the night at Edison’s laboratory in Menlo Park, New Jersey, all through the fall of 1879. Months earlier the famed inventor had sent stock markets reeling with his announcement that he had solved one of the great technological puzzles of the age, the secret to transforming electricity into light. Edison promised the world that he would soon unveil a lamp that would make candles, kerosene, and coal gas obsolete. With remarkable intuition and tremendous persistence, the thirty-two-year-old inventor had surmounted one technological challenge after another in his relentless pursuit of a viable incandescent electric light. Through it all he was praised by newspaper reporters as a “wizard,” pressured by his financial backers for moving too slowly, and scorned by scientific experts on both sides of the Atlantic for promising what he could not possibly deliver.

			Edison felt sure that he stood on the brink of success, but he still lacked an essential ingredient: a working filament. He needed to find a substance that could handle the tremendous heat of an electrical current and, when placed in the protective atmosphere of a vacuum bulb, would incandesce, glowing instead of burning up. Mulling over the problem late one October evening, the inventor absentmindedly rolled in his fingers a thread of lampblack, a form of carbon soot he had been gathering for an entirely different project. Acting on a hunch that the black sliver in his hand might provide the solution, he arranged for a test that very evening. Sealed in a vacuum, then fed current from a battery, the filament glowed long enough to convince him that he was “on the right track.” Over the next couple of weeks Edison and his team tested a range of other carbon filaments—shavings of cardboard and paper, cotton soaked in tar, and even fishing line. Some failed immediately, others glowed for a time, but none worked as well as a simple filament of carbonized cotton thread. First lit after midnight on October 22, the bulb glowed through the night. Edison and his team stayed up to watch, and when the bulb finally burned out nearly fourteen hours later, they felt certain that the fundamental problem had been solved. While much remained to be done, Edison had the proof he needed that his system would work. Filing for a patent the next month, he made ready for his first public demonstration of his new light, while newspapers spread the news that the great inventor had found “SUCCESS IN A COTTON THREAD.”

			•   •   •

			For more than a century Americans have regarded the creation of the incandescent light as the greatest act of invention in the nation’s history, and the light bulb has become our very symbol of a great idea. We associate the bulb with a “eureka” moment, the modern version of an ancient metaphor linking light with insight. A recent study found that just the presence of a lit incandescent bulb helped a group of research subjects to think more creatively, solving problems faster than others who worked under an equally bright but less inspiring fluorescent light. As the study concludes, “exposure to an illuminating lightbulb primes bright ideas.”1

			Just as automatically, we think of Thomas Edison as the man to thank for our electric light, the one whose own burst of inspiration gave us the invention that has remained one of the signal achievements of our technological age. For good reason we remember him as one of the greatest inventors of all time, and with due respect to the phonograph and the moving picture, most consider the incandescent light his greatest legacy. For decades after Edison’s breakthrough at Menlo Park, journalists often called all electric lamps “Edison’s light,” and long after he retired from active research in the field, the public honored him as “the Man Who Lighted the World.” As one popular textbook sums it up, “A whole way of life had been revolutionized by one man’s skill, insight and enterprise.”2

			Though they acknowledge Edison’s great accomplishment, historians of technology have long shown the limitations of this view, which is in fact more hero worship than history. They remind us that Edison’s success with a carbon filament on that October evening in 1879 was an important step, but only one of many needed to turn the incandescent light from an idea into a viable technology. Edison’s achievement is clarified, not diminished, when we remember that he drew on the successes and instructive failures of many other inventors, working over decades and on both sides of the Atlantic, as well as a talented team of assistants in his Menlo Park laboratory. A closer look at how Edison, his partners, and his rivals developed the first working electric lights shows that the inventor does not pull insights from a void, like a bulb suddenly illuminating a dark room, but that invention is a complex social process.3

			Tracing the early decades of electric light, we see that Edison relied on a transatlantic exchange of science and technology. While acknowledging a debt to European science, many nineteenth-century Americans took patriotic pride in their country’s rising international reputation as a leader in technological innovation, and considered this talent for creating new machines to be a vital expression of their democracy. Declaring the United States a nation of inventors, many opinion leaders credited their society’s remarkable mechanical ingenuity to its broad public education system, its liberal patent laws, and its egalitarian faith in the practical genius of ordinary men and women. These seemed like the essential ingredients for a culture vibrant enough to invent an Edison.

			The evolution of electric lighting in its first decades also reminds us that Edison and his rivals raced not to perfect a science experiment but a commercial product, a lamp that would not only work but would sell, and in sufficient quantity to reward a huge investment of capital. As Edison’s biographer Paul Israel puts it, “While Edison the individual is celebrated as the inventor of the electric light, it was the less visible corporate organization of laboratory and business enterprise that enabled him to succeed.” This heavy capital investment, funding a new approach to product research and development, not only enabled Edison to create the first viable incandescent lighting system, but also played an essential role as the inventor’s first fragile lamps evolved into the twentieth-century electrical grid.4

			When we recognize that Edison was not a lone genius but an important member of a much broader transatlantic culture of invention, we better understand the origins of the unsettling and exhilarating wave of technological creativity that we have been riding ever since. Men and women of the nineteenth century were the first to live in a world shaped by perpetual invention. Fascinated by the new machines that were transforming their lives, the public eagerly toured exhibitions of the latest technologies and followed news about inventions in the popular press. Many Americans tried their own hand at invention, dreaming of winning a patent or two of their very own. We see in their infatuation with new machines the birth of a paradox now familiar to all who live in a modern industrial economy—the unsettling sense that change is the only constant, that the steady arrival of marvelous but often disruptive inventions has become a matter of routine.

			As each new invention arrives we take the old ones for granted. To modern readers, electric light has become so pervasive that its remarkable qualities are buried under a thick layer of the obvious. And so it is easy to forget the excitement and wonder that Americans felt when they saw it for the first time, their giddy sense that they were crossing a threshold into our modern age. In every city, town, and hamlet across the country, one evening marked the moment when electric light arrived, and citizens always turned out to give the technology a warm welcome, honoring the historic event with music, speeches, parades, and the ritualistic burial of their old oil lamps.

			While electricity marked just one more milestone in a push for stronger light that had been transforming urban life for at least two centuries, the new lamps created a change in kind. Electricity produced a cleaner, brighter, and safer light than oil or gas could provide. As importantly, incandescent bulbs proved infinitely adaptable, offering a much more complex and subtle mastery of light. Electric lamps erased the ancient obstacles posed by open flames, shedding light where candles, oil lamps, and gas jets were of little use—from the deep recesses of the human body to the bottom of the ocean, from hairpins to uncharted polar regions, from baseball fields to battlefields. As people worked out the implications of electric light’s flexibility and power over the decades, they created a world not just brighter but illuminated, its public and private spaces carefully engineered to produce what one lighting specialist called “the moods and illusions” of modern life.5

			In this sense electric lighting has become a tool of social control, a device powerful enough to induce in modern crowds a range of feelings, from greed to euphoria to reverence. Still, people were never simply passive consumers of the new light but played an active role in its creation. In various forums, from sermons to science fiction to oil paintings, the whole culture grappled with its meaning, while many used their own powers of invention to adapt the technology to a range of new uses that no single inventor could have anticipated. When Edison demonstrated his first working light bulbs at Menlo Park in the last days of 1879, this marked the culmination of a long and complex process of invention. But it also staked out a much broader field of technological creativity as many inventors, most long forgotten, worked to realize the light’s enormous potential. As the technology spread in the late nineteenth century, all who saw the light knew that it was good—but it took decades more to realize all that it was good for.

			Some who helped to invent the electric light never set foot in a laboratory and understood little of the strange new language of electricity. The lighting system that emerged by the 1930s was shaped not just by inventors, scientists, and industrialists, but also by insurance inspectors and progressive economists, by lamp designers and store window trimmers, by health reformers and union workers, and by specialists in countless other fields who adapted the light for their own purposes. Indeed, it would be hard to find a line of work in early-twentieth-century America that did not consider the new light a valuable tool. Photographers and theater artists embraced its possibilities, as did hunters and fishermen, policemen and educators. The light transformed the fields of urban planning, architecture, and interior design and contributed to a late-nineteenth-century revolution in the fields of surgery and public sanitation. The technology also played a fundamental role in the era’s Industrial Revolution. Within a generation, electrical manufacturing became one of America’s largest industries, while improved lighting created a safer, more efficient, but intensified production process in many other fields, from coal mining to cotton spinning.

			Others adapted the light bulb to build a richer urban nightlife. While social critics cursed the new technology for encouraging a shallow but seductive mass culture of flicker and flash, many more found the creative display of electric light to be beautiful, exciting, and fun. Colorful electric signs, theater marquees, spotlighted window displays, and even Christmas lights—all were turn-of-the-century inventions that have come to epitomize modern ideas about the good life, and all were made possible by the inventive use of incandescence.

			As Americans worked to realize all of electric light’s possibilities, many also saw that the light was creating them—changing their relationship to the natural world, shaping the rhythm of their days, and transforming their culture. This new regime of intensified light energized some and exhausted others. Doctors warned that electricity’s light disrupted sleep patterns, creating a new generation of frenetic but feeble and nearsighted Americans. Others welcomed what they considered to be humanity’s ultimate victory over the dark. Edison himself claimed that electric light was “improving” human nature, and many agreed that strong, clean light made cities safer and workers more productive and happy, while encouraging a nightlife of stimulating sociability that country folk could only read about under their smoky kerosene lamps.

			•   •   •

			In short, the electric light intensified the pace of city life in the late nineteenth century, contributed to the era’s rapid expansion of industrial production and consumer culture, and helped create urban America’s new mass market for entertainment. In the process, the new light stimulated countless innovations, new machines and new ways of living, which were greeted by men and women who were both eager and ambivalent—just as we are today when we encounter the latest new technology. By tracing the role that electric light played in the pivotal decades when our modern culture was born, we can better appreciate that inventions are not simply conjured up by great men like Edison but evolve as they are shaped by a variety of political, economic, and cultural forces.

			Those forces continue to shape technology down to our own day, and in the lighting field the pace of invention has quickened now that concerns about climate change have forced us to acknowledge what Edison realized long ago—that incandescent light is an inefficient technology that wastes the world’s limited energy resources. Even as Edison worked to sell his lighting system around the world, he joined the quest for a better alternative, and in his own lifetime the electrical industry’s push for greater energy efficiency produced improvements in every aspect of his basic design. If Edison could see us now, he might well be surprised at the long run that his incandescent lamp has enjoyed. But it also seems likely that he would be an eager participant in our current search for a better light bulb.

		

	
		
			One

			Inventing Electric Light

			In the fall of 1881, vast crowds elbowed their way into the grand salon of the Palace of Industry in Paris, host to the world’s first International Exposition of Electricity. They lined up for a chance to “ride electrically” in a railcar and to listen to the strains of opera on the telephone, transmitted from a nearby theater. Others strolled through a model Parisian apartment of the future, each room a showcase of electrical ingenuity. In the kitchen, stoves churned out “electric waffles”; a living room, warmed by electrical fire, rang with the music of an electric piano; the bedroom featured electric hairbrushes—simply turn a switch and “offer your head to the gentle caresses.” Even play could be improved with electrical power, as the nursery of the future displayed electric trains and dolls, and a working toy telegraph. Back in the main hall, hundreds of fingers pressed hundreds of buttons, provoking a chaotic din of electric gongs and buzzers, while beneath it all thrummed the bass notes of the dynamos that powered the proceedings.

			The exposition gathered the greatest minds in the new science and showcased novel applications of electricity from inventors on both sides of the Atlantic. While these pioneers shared their research and judged the relative merits of the new machines, most who attended understood only a fraction of what they saw. One British visitor captured this very modern state of mind. The display filled spectators with “high expectations of great wonders for the future,” he thought, but left them more awed than informed. “Three quarters of the public felt a sort of bewildered admiration for something wonderful they did not understand,” he concluded. “The other quarter gaped as good charity school children.” Offering this first peek into the world’s electrical future, inventors were asking people to put their faith in forces they could not fathom.1

			Still, none left Paris doubting that humanity hovered on the verge of a great transformation. Always feared as a mysterious and dangerous force, electricity now obeyed human command. Dynamos seemed to conjure its current out of thin air, while batteries allowed people to store power, release it at will, and even carry it around in a box. The exhibits marked no limit to the uses for this “tireless energy of the universe,” no field of work or play that would not soon be improved by the modern world’s alliance of scientists, inventors, and industrialists.

			The latest and most wondrous of these inventions was the electric light. True, many visitors had seen some form of electric light before; the last great Paris exposition in 1878 featured a dazzling display that reinforced the French capital’s much older reputation as the “City of Light.” But progress in electrical lighting had exploded since then, and the 1881 exhibition provided the world’s first grand showcase of all that had been accomplished in just a few years. For the first time, dozens of new lighting systems would blaze side by side, competing for top honors and lucrative contracts. Jointly, they made the case that electricity was “the light of the future.” Most exciting of all, Thomas Edison used this opportunity to showcase the incandescent lighting system he had unveiled for the first time only months before, a feat that commanded attention around the world. Plenty still doubted Edison’s claim that he had solved the technical challenges of incandescent lighting, but all wanted the opportunity to see for themselves.
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					The exhibit hall of the International Exposition of Electricity, Paris, 1881.

				

			

			Visitors to the 1881 Paris exposition would never forget the sight. Together, Edison and his rival inventors installed a “terrific mélange” of more than twenty-five hundred lights. “Strong, fresh and dazzling,” the lamps filled the vast hall with a “gorgeous flood of brilliant yet mellow radiance.” No one had ever seen anything like it, and Americans in that crowd felt it had been well worth crossing the Atlantic to see. The lights did much more than cast a festive gleam on the exposition’s “carnival of human skill.” Many of the new electrical apparatus on display in Paris—the electric brushes, toy telegraphs, and self-playing pianos—were curiosities and conveniences. But a machine that could create enough cheap and powerful light to hold the night at bay was a breakthrough of a different magnitude, liberation from one of the fundamental and primordial limits imposed by Nature on the human will. The lights of Paris seemed a beacon pointing the way for all of humanity “toward a deeper wisdom, a freer, broader and purer existence.”2

			A century and more after the late nineteenth-century explosion of technological creativity, we are the jaded beneficiaries of all the machines we have inherited from our inventive Victorian ancestors. We know more than they did about technology’s power to destroy as well as to liberate, and about the environmental costs that come with ever more powerful machines. On the other end of a century of mass production, we also see more clearly that human desires are insatiable, and that one of the defining characteristics of a modern industrial economy is the manufacture of artificial longing.3

			But these twenty-first-century doubts may prevent us from seeing the electric light as it appeared to those who flocked to the Paris exposition more than a century ago. A light that could burn without spark and smoke, and promised to turn vast swaths of night into day, was rightly hailed as a “marvel” and a milestone in human history. And yet it was only one of many transformative inventions produced in this era, a time when miraculous feats of human ingenuity became almost routine. As one observer at the Paris exposition summed it up, its displays contained “wonders enough to have made our grandfathers doubt whether the reign of law in the order of the universe had not come to an end; but these miracles of ingenuity are accepted by the men of this generation as a matter of course.”4

			While this technological revolution was transatlantic in origin and scope, many European visitors conceded that the United States had become “the wonderland of modern civilization,” a fount of new machines, each embraced by American society with astonishing speed. “With a vigor and determination for which we Europeans have not example,” a German visitor wrote, the Americans had “learned how to harness steamships, railways, the telegraph system, and agricultural machines to their uses.” An Englishman complained that “Europe teems with the material product of American genius.” The United States had become “the leading nation in all matters of material invention and construction, and no other nation rivals or approaches her.”5

			Americans had spent much of their first century grappling with a sense of cultural inferiority to Europeans. But over the course of the nineteenth century they grew justifiably proud of the lead role they had assumed in the more “practical” field of technological invention. “So many inventions have been added,” as Ralph Waldo Emerson put it in 1857, “that life seems made over new.” Americans understood that they lived in a thrilling time, an age of remarkable technological feats, and they welcomed these with a mixture of awe and nervous excitement, patriotic fervor, and even religious enthusiasm.6

			Of course, men and women who lived during the dawn of the electrical age were not naïve and uncritical enthusiasts for the inventions that were transforming their lives. They experienced the painful birth of a new industrial order, as the massive new corporations that shaped this process brought with them troubling disparities of wealth, political corruption, labor strife, and environmental degradation. In what Mark Twain dubbed this “Gilded Age,” many sensitive critics cast doubt on their culture’s growing faith in technological progress, complaining that the new machines trampled on “imagination and poetry” and seduced people into mistaking material wealth and power for true “human peace and happiness.” The great prophet of Concord had his doubts about where all this was leading, warning that the new tools of modern industry had some “questionable properties.” “We must look deeper for our salvation,” Emerson advised, “than to steam, photographs, balloons and astronomy.”7

			Many more, however, scoffed at this sort of talk. The new technologies looked to them like “benevolent agencies,” capable of giving men and women more control over their lives than any generation had ever known—power not just for the wealthy few, but available in some measure to all. The hunger for more light was not a yearning induced by clever promoters; the dark was, for all of human existence, a palpable and universal obstacle to human happiness. Throughout history, to be in darkness was to be diminished, shuttered from the world, and in the late nineteenth century the yearning for more light seemed more urgent than ever. Many forms of work in the new industrial age, both in factories and offices, made more demands on the eyes, requiring greater attention to detail. At the same time, the urban world had only grown darker, as tall buildings cast their shade and the unregulated burning of coal belched a smothering pall on urban areas, blocking sunlight and coating every window with grime. More than one commentator declared that “more light” was the crying need of the modern age. A machine that could conjure light at will, then, was an evident good. “Comply with electricity’s conditions,” one Gilded Age writer rhapsodized, “then but turn a key, and the servant of all life will be present in light and power.”8

			Sensing that their age had scored an unprecedented victory over the dark, many writers enjoyed telling the story of history’s ascent toward electric light, a tour through the pine knot torch, the tallow candle, the whale oil lamp, and most recently the invention of gaslight in the early nineteenth century. Gas itself had been an exciting and controversial technological marvel only for a few decades, the first public gas streetlamp having been erected in Baltimore in 1817. That electricity now threatened gas with an early extinction confirmed that history had entered a new phase, an era of perpetual technological progress in which marvels of the future would be arriving faster than ever. To trace the evolution of lighting devices in this way was to describe the growth of civilization itself, many thought—a story that placed the incandescent bulb at the summit of an ancient quest to conquer both mental and physical darkness.9

			•   •   •

			The public had been fascinated by electricity for more than a century before inventors created the first lighting systems, when Enlightenment thinkers first began to study the various manifestations of electricity and identify them as facets of a single elemental force. These early “electricians” built simple machines to generate static electricity, and learned to store the mysterious electrical “fluid” in glass Leyden jars. The line between groundbreaking science and parlor trick was often blurred in these years, and some savants quite literally shocked their audiences and made their hair stand on end. The study of electricity leaped forward in 1800 when the Italian physicist Alessandro Volta developed the first battery, creating and storing electricity through the chemical interaction of zinc and silver discs. While Europeans did most of this early scientific research, Americans pointed with pride to their own Benjamin Franklin, whose investigations into lightning were universally admired.10

			The great pioneer in the use of electricity as a light source was the British scientist Sir Humphry Davy, who followed Volta’s lead into what he called “a country unexplored.” Early in the nineteenth century he demonstrated not one but two ways to turn electrical energy into light, marking out the field of future research for decades. He showed an audience at the Royal Society the brilliant light produced when an electrical current passes across a narrow gap between two carbon rods; as the current leaps the gap, the tip of each rod burns white-hot, and remains so as long as a proper distance between those rods is maintained. The four-inch bend of light between the carbons formed an arch, a term later shortened to “arc.” In those same years Davy also illustrated the principle of incandescence, producing light by passing an electrical current through a platinum wire, making it hot enough to glow. Here was the first ancestor of Edison’s lamp, and every incandescent bulb ever since.11
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					TOP, Sir Humphry Davy demonstrates the first electric lights at the Royal Society, London, circa 1810; BOTTOM, visitors examine the massive voltaic battery Davy used to produce sufficient current.

				

			

			Davy made no attempt to translate these experiments into a functional source of light—it was only a by-product of his broader interest in what would become the field of electrochemistry. The prospects for producing a viable commercial lamp were remote anyway; to power his own lighting experiments, he relied on a cumbersome array of 220 linked battery cells, the largest source of electrical power in the world at that time.12

			But over the ensuing decades inventors on both sides of the Atlantic pursued the idea, most often devoting their efforts to the more powerful arc. Some of these men were master mechanics or electrical technicians who learned their trade by working on the telegraph. Some were solitary tinkerers who had to cajole skeptical reporters to their chambers to show off their creations, while others shone their experiments from a rooftop or in an urban plaza. One New York inventor demonstrated his light in an oyster house, then ran his wires out the window, lighting the city’s first electric streetlamp on Greenwich Street.13

			Many of these early lights drew public excitement, some drew considerable financial backing, but none came close to delivering a commercially viable rival to gas, kerosene, and whale oil. The odds for success were much improved when both the British scientist Michael Faraday and the American Joseph Henry discovered the principle of generating electricity through induction, relying on magnetism rather than the chemical action of batteries—a breakthrough that by the 1870s led to the creation of increasingly powerful dynamos, machines that produced more and steadier current at a much lower cost. The British employed arcs on lighthouses, and led the way in adapting the new technology to their navy ships as a weapon of war. When a powerful searchlight could not “actually put out the eyes of our enemies,” one British electrician explained, it could “at least deprive them of the opportunity of carrying out their designs unobserved in the dark.” Parisians used the arc light in a handful of factories and railroad stations, as well as some theaters and elegant department stores. Some Americans saw their first electric light at the nation’s great Centennial Fair in Philadelphia in 1876, but most paid more attention to displays of the massive Corliss steam engine, Edison’s multiplex telegraph that sent several messages on a single wire, and another remarkable electrical device, Bell’s new telephone. The principle of the arc light had been known for a half century, one American journalist observed that same year, but “till the present time it can hardly be said to have come into practical use.”14

			This was because the arc light was a marvel with problems. Its light was not only overwhelming, but it also flickered, creating a disconcerting strobe effect. A reporter who witnessed an early demonstration in New York described these “trying fluctuations of brilliancy” this way: “For a few seconds the light would be strong, clear, unwavering; then it would flicker, and darkness for an instant would fall. . . . Suddenly the light would grow brighter, sometimes increasing slowly in brilliancy, at other times leaping at a bound to the full measure of radiance.” The light thrilled, but pained.15

			The early arcs also demanded constant attention, as the carbon rods or wicks burned rapidly, requiring a skilled technician to replace them every few hours. A wayward wick not only created those annoying flickers but sometimes shed shards of glowing ash that trickled down on anyone below. The only thing more bothersome than the lamp in action was its opposite. If the gap between carbons grew too large, the circuit was broken, plunging an urban crowd into a darkness more sudden and disorienting than any that Nature had ever produced.

			Many inventors tackled these glitches, and in the late 1870s one after another announced that he had developed “THE ONE THING NEEDFUL.” A dozen different designs arrived on the market, offering unique ways to solve the arc light’s well-known problems. When Parisians lit some grand boulevards for an international exhibition in 1878, they installed arc-light “candles” designed by the Russian refugee Pavel Jablochkoff. These represented the state of the art at the time, and for many the streets of Paris provided the first demonstration of electricity’s potential to transform the urban night, improving the city’s capacity for business and pleasure “beyond all estimate.” Reports filtered back to America about “this grand fire,” one that made gaslights look “yellow, muddy and petty” in comparison. Jablochkoff had turned a few blocks of Paris into “the most magnificent spot in the world at that moment.”16

			The gas men enjoyed a quick revenge, however, on those who were too eager to toss them into the dustbin of history. Within months after the 1878 exhibition, the Municipal Council of Paris abandoned plans to make the Jablochkoff candles a permanent fixture of the City of Light. Like so many designs before, the electric candles proved a disappointment—expensive, complicated to maintain, too often flickering or going out altogether. Observing these developments, Scientific American decided that “up to this stage of the contest the victory rests with gas.”17

			•   •   •

			Many of these nagging problems were effectively solved by an American inventor, Charles Brush of Cleveland. While the arc light emerged out of the laboratory experiments of a British scientist and made its grand public entrance on the boulevards of Paris with help from a Russian inventor, Charles Brush did what Americans were increasingly known to do—he took a conceptual breakthrough from Europe and with clever and persistent mechanical tinkering found ways to make the device simpler, more reliable, and cheaper to run. Before long many Europeans were buying their arc lights from Brush, and the American lights spread to markets around the world.

			Charles Brush grew up on a farm in northern Ohio, but from the start showed far more interest in science than farming. Poring over the popular scientific magazines available even to a farm boy in mid-nineteenth-century America, he found an “endless source of delight” in the latest news about breakthroughs in astronomy, biology, and physics. When not doing farm chores, he made his own batteries, electromagnets, and other simple electrical devices. When he succeeded in assembling enough batteries to power his own crude version of an arc light, the experience filled him with “joy unspeakable.”

			Recognizing their son’s unusual aptitude, his parents sent him to a technical high school in nearby Cleveland. There he embraced the stimulation of a city that was fast becoming a center of industry and technological innovation. Before heading off to the University of Michigan to study engineering, Brush capped his high school career with a commencement oration on the “Conservation of Force.” In it he urged his listeners to contemplate the enormous power pent up in a lump of coal; a chunk of ancient sunlight it was, only waiting for the right invention to liberate its hidden potential, transforming it into a new form of light for the modern age.

			The dynamo was just the machine needed to liberate the light trapped inside coal. Inspired by reports about electromagnetic dynamos developed by European inventors, Brush designed and constructed one of his own in his family’s barn, powering it with a small engine turned by a team of horses. In a remarkable year of “eager experiment,” he continued to improve his design and in 1877 won top honors in a competition sponsored by Philadelphia’s prestigious Franklin Institute. In a fever of creative genius, Brush simultaneously developed a new arc light, creating an electromagnetic device to control the carbon rods that was simpler but more efficient and reliable than any that had come before.

			Brush’s new light would soon shine in city squares, rail stations, and palaces around the globe, but its debut on the streets of Cleveland lacked any sense of grandeur. His workshop overlooked a major boulevard, and one evening as a parade passed under his windows he fired up his new lamp. He heard startled cries on the street below as the procession was stopped dead in its tracks by “the brightest light they had ever seen.” Brush expected a welcoming party to rush upstairs to congratulate him on his accomplishment, but instead he faced an angry policeman who ordered him to “turn out that damn light!”18

			Undaunted by this unenthusiastic early review, Brush arranged with the city fathers to give his invention a proper unveiling in downtown Monument Park on a Saturday night in April 1879. This time Cleveland was ready to give the twenty-nine-year-old inventor his due. When Brush flipped the switch on twelve arc lights, filling the square with instantaneous illumination, a crowd of ten thousand roared its approval, while ships moored in Lake Erie fired cannon volleys and a band let loose with “brassy strains of triumph.” Those assembled gaped at the familiar landscape with fresh eyes, seeing every vivid detail of the surrounding buildings. Even the statue of Commodore Perry, at the far edge of the park, jumped out in “bold relief,” the wrinkles on his bronzed brow clearer than day, and the crook in his finger somehow more expressive than ever.

			For those who had not been in the square that night, reporters groped for words to describe this new, unearthly light, comparing it to “the brightest moonlight that the romantic mind could conceive of.” Using a test that others would apply and refine in the years ahead, one reporter explained that “reading was a matter of perfect ease.” All agreed that the gaslights that still burned in the park looked “really dyspeptic” by comparison. Cleveland’s city fathers rewarded Brush with a contract to light the downtown square for a year, twelve lights for a dollar an hour—the first blow in what would become a decades-long struggle between gas and electric companies for control of the streets.19
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					Brush’s arc lamp produced a brilliant light by passing a strong electric current across a narrow gap between two carbon rods. 

				

			

			Soon after, Brush moved his light show to the much smaller town of Wabash, Indiana, where he proposed to light the entire town with a single cluster of arcs mounted in the cupola of the new city hall. The news spread for weeks, and thousands came on special excursion trains. They pressed together in the dark streets as Brush started his dynamo, filling the town with what one observer called a “strange weird light, exceeded in power only by the sun, yet mild as moonlight.” Unlike those in Cleveland, the folks in Wabash greeted the sight not with huzzahs and cannon blasts, but with silence. As one reported, “The people, almost with bated breath, stood overwhelmed with awe, as if in the presence of the supernatural.” Unprepared for the sight, a farmer on the outskirts of town felt sure that the Second Coming had arrived. For months afterward, passing trains halted in their tracks so passengers could stare at the light.20

			Innocent of some of the basic laws of thermodynamics, many who peered at Brush’s new dynamo believed they were seeing a machine that manufactured energy—and would soon flood the world with a limitless and practically free source of light. Instead, Brush took a considerable loss on his early installations. But he wisely reckoned that once people became accustomed to walking nighttime streets lit bright as day, they would never want to return to the comparative gloom of the gaslight.

			Ever after, the citizens of Wabash have proudly pointed out that theirs was the first city to light its streets entirely by electricity—though this accomplishment marks both their progressive spirit and the small size of their town, compact enough to be lit with a single arc-light installation. At first, not many other towns were ready to cancel their gas contracts and take a bet on the new technology, so Brush and his competitors looked for customers elsewhere. Most Americans encountered their first electric light not in the exhibition halls of a scientific society or a grand public building like the Paris Opera House, but in places like the front of a doctor’s office in Cincinnati, Brush’s first private contract. In Boston he showed his light at a mechanic’s fair, then arranged a temporary installation in front of a department store. New Yorkers’ first glimpse of Brush’s light came when he set up a display on the roof of a Jersey City railroad depot, casting a beam across the Hudson River strong enough to catch the eye of newspaper reporters in the Tribune Building. They too noted with satisfaction that, though miles away, Brush’s light was bright enough to read a newspaper by.

			On the Fourth of July, 1879, Brush turned the full force of his sixteen lamps on the thundering flood of Niagara Falls, showing that he could produce “electric rainbows to order in the darkest night.” To his chagrin, one paper mistakenly credited Thomas Edison with the display, confused by Edison’s widely publicized announcements about his progress on an incandescent light. “It is a little tough,” a Brush company spokesman complained, “that when Edison hasn’t a light in operation outside his laboratory, he should get credit for the work of Mr. Brush, who has over 500 in use.”21

			Brush found early customers among department stores, most notably Wanamaker’s, and in the lobbies of elegant hotels like Chicago’s Palmer House. He sold lights to a Coney Island amusement park, billiard parlors and bowling alleys in New York’s Bowery district, and factories making everything from thread to iron. His sixteen-light systems were not only powerful but also portable, and soon became a fixture for traveling theater troupes, itinerant revivalists, and the circus. When journalists reported on the arrival of the circus in their town in these years, they often skimmed through their accounts of daredevil acts and exotic animals, saving their breathless enthusiasm for the new electric light. See the circus, they urged, but be sure to go to the evening show.22

			As Chicago customers entered the grand tent of Bailey’s circus on a spring evening in 1879, they gaped at a half dozen balls of smokeless and unconsumed fire burning over their heads, spraying “a million little needles of variegated light.” Some came prepared, and stared through smoked glass at the fearsome spots, like “molten metal.” Others looked no farther than their own hands, which looked somehow more visible than ever, as clear and crisp as an “illustrated picture.” Skipping the show within, a crowd gathered outside the tent where two men tended the dynamo that fed current to the arc lights. The tenders warned men with pocket watches to stand their distance, as the dynamo would magnetize the timepieces and render them useless. They also encouraged some to touch a copper plate near the dynamo, and enjoyed a laugh when these unsuspecting electro-tourists recoiled from a powerful shock. The machine produced so much power but looked so simple—just copper wire whirring around a magnetized iron bar—and yet the electricians boasted that a single Brush light, raised high enough and properly reflected, would turn the darkest night into day for a space of fifty miles. A tall tale, but in an age of such wonders how could a journalist be expected to sort grandiose lies from science’s new truths?23

			•   •   •

			The advocates of arc light declared that gaslight looked “simply ridiculous” when compared to its modern rival, but they conceded that many still felt a “prejudice” against the new light’s cold, harsh shine. The Scottish author Robert Louis Stevenson was among those who waxed nostalgic for gaslight long before it ever disappeared. Its warm flicker had turned the nineteenth century into a “new age . . . for sociality and corporate pleasure-seeking,” he thought, providing a stimulating release from the “murk and glimmer” of times past. But the display of electricity’s “ugly glare” on the streets of Paris served as fair warning that the “old mild lustre” of gas would soon be eclipsed by “a new sort of urban star,” one which “shines out nightly, horribly, unearthly, obnoxious to the human eye; a lamp for a nightmare! Such a light as this should shine only on murders and public crime, or along the corridors of lunatic asylums, a horror to heighten horror.”24
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					Brush arc light over New York’s Madison Square, 1882.

				

			

			Stevenson was not the only one who dreaded an electrified future that looked as ugly as it was inevitable. But many seemed to take comfort in widely circulating newspaper stories about how less sophisticated people around the globe were reacting to the new light. For example, an electrician carrying the first arc on a steamship up the Missouri River could not resist seeing how a group of Indians gathered at the shore would react when he cast the beams of this “white man’s light” on them. “The astonished aborigines were paralyzed for a moment,” he reported with sadistic glee, “and then they set up a dismal chant, lay down and rolled over and pawed up the sage brush, and made the ambient air tremble with their antics. Finally assured that the big medicine of the white man was harmless, they assumed an attitude of quiescent bewilderment.” Back east, many Americans were not quite sure themselves whether they should clap or cringe when they saw their first arc light, but such stories about “terror-stricken” and “superstitious natives” at least gave them some assurance that the new light was “theirs,” and put them on the leading edge of civilization’s advance.25

			Set up in Madison Square and other urban parks, the arc cast an alluring false moonlight that drew hundreds of city dwellers each evening—but some found the light so harsh that they shielded themselves from it with umbrellas. One observed that “people look ghastly—like so many ghosts flitting about.” Health experts warned that too much exposure to the new light would cause eye diseases, nervous exhaustion, and freckles. In order to minimize these complaints, arc-light companies began to encase their flaming wicks in thick globes of opal glass. While this produced a mellower effect, taxpayers complained about the paradox of paying for an expensive new light, only to tamp it down by more than 50 percent in order to use it. Gas men particularly enjoyed shaking their heads over this evident waste of coal.26

			When the arc light came indoors, illuminating large interiors such as railway stations, exposition halls, and ballrooms, the public reaction was also mixed. As the lamps consumed carbon, they emitted an unpleasant hum that some compared to the sound of swarming bees. More damning, the harsh light bleached out colors, gave food an unappetizing hue, and cast an unforgiving spotlight on the human face, exposing every wrinkle, blemish, and stray hair. Even one of the light’s defenders had to admit that its blue tinge did not “show off to advantage the natural beauty of the Anglo-Saxon race.” Another declared the light a boon to brunettes, since it was “death to the blond. The pinkest of them take on little shadows under the eyes, and purple tints come into their lips and their cheeks get ashen. The effect upon the artificial bleacher is simply cadaverous.” After a bad experience under the arc, some women vowed never to be seen near electric light again.27

			•   •   •

			So the arc light worked fine in a rail depot, city plaza, or circus tent—or if you needed to light up Niagara Falls, or blind your enemies in a naval battle. But bringing the electric light into homes demanded a different approach, and long before Edison took up the challenge, many recognized that incandescence might provide the solution. In the decades following Humphry Davy’s experiments, most inventive energy had gone into arc lighting, but a smaller number of inventors had tried their hand at the technical challenges of creating a commercially viable incandescent light.28

			As early as the 1840s, J. W. Starr, a young inventor from Cincinnati, developed a working bulb using both carbon and platinum filaments. Starr took out an English patent, and demonstrated his light in the United States and Britain, putting twenty-six bulbs in a candelabrum, one for every state then in the Union. Working in the era before dynamos, however, he was forced to rely on expensive battery cells for his power, and was said to have literally “worried himself to death” over the problem. Another inventor, Heinrich Goebel, a German immigrant living in New York, created working incandescent lamps twenty years before Edison “without suspecting that there could ever be a world market for them.” Moses Farmer, a prolific New England inventor, rigged a set of small battery-powered incandescent lamps that could run for an entire month. The lights amazed his neighbors in Salem, Massachusetts. Once Farmer realized that his invention consumed battery power at a rate far more expensive than gaslight, he went on to devote his energy to other inventions. In 1872, a Russian inventor, Alexander Lodyguine, revived interest in incandescence, demonstrating before an assembly of European scientific dignitaries a lamp that sent current through a strip of charcoal sealed in a glass tube. Joseph Swan, a chemist and largely self-educated inventor from Newcastle upon Tyne, England, had been trying on and off for almost two decades to create a light bulb. His experiments led him, as early as 1860, to create incandescent bulbs using carbonized paper filaments; but, lacking the ability to create more than a partial vacuum, his lights burned out quickly. Distracted by other projects and the pressures of family life, he set his experiments aside.29

			Thanks to successes and failures of these early efforts, the nature of the problem was well understood by the time Edison took up the challenge in 1877. He joined a crowded field that was already looking for a steady and inexpensive power supply, a method for “subdividing” that current so that multiple lamps could be turned on and off at will, and a filament sealed in glass, capable of reaching terrific temperatures, glowing without burning up.

			The new dynamos being developed in the 1870s solved the problem of supply, replacing the much more expensive batteries in use up to that point. Edison’s interest in joining the race for a viable incandescent light was inspired by his encounter with an improved dynamo recently constructed by the Yankee inventors Moses Farmer and William Wallace. Not long after Edison purchased one of these, reports circulated that he was on the trail of incandescent light, and would soon unveil a “scientific marvel.” Arc lights already proved that electricity could produce plenty of light, but Edison announced that he had solved a more difficult “puzzler”: how to divide this force into many small lights. “I have it now,” he boasted. Up till that point his rivals had all been working along the same “groove,” he explained, but he would astonish them soon with the simplicity of his solution.30

			•   •   •

			As Edison studied his dynamo and began to sort through the many technical challenges of replacing gas with electricity, he came to envision not just a new type of incandescent lamp, but a central station capable of distributing light and power over many city blocks. He planned to invent a lighting system, not just a bulb. His improved dynamos would send current through buried copper wire mains and into each house the same way gas traveled—but Edison felt sure that he could do so at a “trifling cost” compared to that rival. “I can light the entire lower part of New York city,” he predicted, “using a 500 horse power engine.” The elaborate system of gas lines need not go to waste, he boasted to reporters. Once the gas companies closed down, their pipes would serve as ideal conduits for the new electric wires—a suggestion that offered cold comfort to the gas men.31

			But Edison had declared “mission accomplished” too soon—even in the flush of his early declaration of victory in 1878, he conceded that he still had not resolved the problem of the bulb. He needed something that would cast a pleasant light, and not “waste away” when exposed to heat. He conjectured that platinum might do the trick, but he treated the whole matter as a detail that could be resolved in short order. “Now that I have a machine to make the electricity I can experiment as much as I please,” he told reporters, as if that settled the matter. In the end, it did.32

			When one reporter asked Edison about the vast fortunes to be made in patenting the first commercially viable incandescent light, he insisted that he cared little for money—what motivated him was the love of “getting ahead of the other fellows.” Edison was not the only inventor with this sort of competitive streak, and not the only one driving himself to find a solution before others beat him to it. Some observers were ready to bet instead on Jim Fuller, a reclusive New York mechanic-inventor who was rumored to be
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