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PRAISE FOR SIMPLY ELECTRIFYING

“Ten years in the making, Simply Electrifying is an inspiring book about the pioneers and visionaries who brought the transformative technology of electricity to all of society. Thoroughly researched, with insightful commentary, the book provides a thought-provoking and comprehensive examination of the challenges and evolving opportunities surrounding the electrification of our economy. The book also underscores the critically important role that electricity plays in powering our lives and our future.”

—Tom Kuhn, president, Edison Electric Institute

“Simply Electrifying is as impressive as it is engaging and informative. Documenting the comprehensive history of one of humanity’s greatest achievements is no small feat, but Craig R. Roach has given us an elegant book that provides an excellent review of electricity and the utility industry in this country.”

—Joshua W. Martin III, director, Southwest Power Pool

“Craig Roach is a very accomplished economist, so as I sat down to read his Simply Electrifying, I expected another economic treatise replete with graphs and equations geared more toward the academic community than the general public. Just the opposite: As an economist myself, I was captivated as he filled in the blanks of history on a subject that has governed most of my career. The perseverance of entrepreneurs, the politics, the government, and the competitions—all of which gave us the miracle of electricity—is written beautifully in the genre of historical fiction. But this is not fiction, and Craig does not stop in the present nor with power alone, but rather with sensitivity to man’s responsibility in future pursuits of scientific achievements. This book should fill a prominent place on anyone’s bookshelf as a reference to one of man’s greatest achievements.”

—Alan R. Schriber, PhD, former chair, Public Utilities Commission of Ohio

“Dozens of times a day we flip a switch and lights, TVs, computers, washing machines, and all the other devices we rely upon in our modern lives come on. We simply take for granted that this magical thing we call electricity will be available on-demand, 24/7, 365 days a year. Rarely do we even wonder about how that happens, where electricity comes from, and how it gets to us, instantly ready when we need it. In this well-researched, well-written, and engaging book, Dr. Roach presents an accessible history of this simply electrifying topic: electricity itself. Starting with Benjamin Franklin and continuing through to Elon Musk and Bill Gates, Dr. Roach gives us the inside story, unpacking scientific breakthroughs and connecting physics and engineering to the economic, regulatory, legal, business, and environmental policies that shape this crucial industry. Both newbies to the field and experienced policy wonks will learn much from this important book.”

—Julie Simon, energy industry expert, Washington, DC

“A history buff’s delight! Step into the incredible story of the origins of electricity like never before. It’s fascinating to see how far we’ve come and consider what the future may hold. Simply Electrifying is a gem and a must-read for anybody that has ever reached for a light switch.”

—Kent Parsons, energy and electricity lawyer, Baton Rouge, LA

“If you have any interest in learning about the roles that science, governments, and private enterprise can play in determining the economics and choice of new technologies for social benefit or harm, read Craig’s book on the US electricity market. It is a comprehensive, balanced, and very informative analysis of the history of this essential product. I am already recommending Simply Electrifying to my students.”

—Ken Hendricks, Laurits R. Christensen Distinguished Chair, Department of Economics, University of Wisconsin–Madison

“Dr. Roach’s talent for identifying key issues and explaining complex ideas in straightforward terms enriches his ‘wide-angle’ review of the origin and development of the electricity industry and the business of supplying power. Simply Electrifying brings into vivid focus both the inventors responsible for the turning points in the discovery, production, and commercialization of electricity, and the executives and investors who shaped the electricity business. This incisive work connects advances in electricity technology and uses to the broader sweep of scientific progress, while also framing the transformative consequences of the democratization of electricity in economic, regulatory, and environmental terms. Dr. Roach’s outstanding book, by explaining how electricity became fundamental to modern life, allows us to better understand where the industry will go next.”

—Kenneth M. Simon, partner (ret.), Latham & Watkins LLP
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Just Imagine

[Franklin] found electricity a curiosity and left it a science.

—Carl Van Doren (1938)1

Imagine your world without electricity: No morning alarm clock or coffee maker. No electric lights, heat, or air conditioning. No whirling electric motors. And no computers or cell phones.

This was the world 265 years ago in Philadelphia, the birthplace of the modern science of electricity. The morning alarm was the sun rising or the cock crowing. Coffee and heat required a simple woodstove. Muscle power and perhaps literal horse power drove businesses. And any computing going on was surely done with pencil and paper. No one could imagine a world with electricity because at that time the notion of such a force was fantastical; man had not yet captured and harnessed such power.

Without electricity the urban night was dimly lit at best and often dangerous. Imagine sitting around a candle trying to read or sew or do close work of any kind; it would have taken over a hundred candles to give the same amount of light produced by a single 100-watt incandescent electric lightbulb. Getting close to the open flame could mean a shirtsleeve, lock of hair, or curtain could be set on fire. The dangers continued outside and ranged from tripping along a dark street to being mugged or worse. The one partial consolation might have been that, without electric lights, there was nothing to obstruct the beauty of a star-filled night sky.2

Amazingly, a few bold minds were eager and able to imagine electricity—to see the unseen. None was more important than Philadelphia’s Benjamin Franklin, who allowed the world to “see” electricity one day in June 1752 by flying his kite in the midst of a storm. Because of the obvious danger, doubts persist to this day whether Franklin actually flew his kite in a storm, but there is no reason to doubt that he conducted his kite experiment, perhaps in less dramatic weather.3

While Franklin’s unique intellect was surely central to his success, so too was the fact that he lived at a watershed moment for science and technology. The Scientific Revolution had already transformed man’s understanding of the universe, and the Industrial Revolution would soon begin to transform the world’s economy. Newton and others had already begun to explain in precise mathematics the mechanics of the universe in terms of the force of gravity. Eventually, Franklin and others would do the same for electricity, as well as for magnetism and light.

At the same time, there were several common scientific and medical beliefs that seem primitive or even cruel today. One example is the practice of bloodletting as a remedy for fever and infection. It is more likely that George Washington, among many others, died from such “remedies” than from the ailment he contracted toward the end of his life. Great shifts in science and technology sometimes spread progress unevenly across the many facets of life.4

Benjamin Franklin and his kite represent only the first step in a fascinating journey from an era when life with electricity was barely imagined by a few to a time in which life without electricity was unimaginable for most. That journey was powered by the bold actions of many famous (and some infamous) figures who were sometimes propelled forward, and as often pushed back, by the demands and mores of their times.

These innovators built the powerful, pervasive electric infrastructure on which everyone in the developed world now depends. The first cornerstone of that infrastructure was remarkable scientific advances made by Benjamin Franklin, Michael Faraday, James Clerk Maxwell, Nikola Tesla, and Albert Einstein. Indeed, Einstein believed that the discovery of electricity was not just a stop along the path to modern physics, it was the path itself. Man’s understanding of electricity led to many of the major breakthroughs in all of physics.

The second cornerstone was the technology based on this great science. Samuel Morse’s telegraph was the first fruit of the hard-won scientific knowledge linking electricity and magnetism. The fact that the purpose of the telegraph was for communication is significant. The electricity business and the telecommunications business were born of the same science, and yet the latter has far outpaced the former in technological advances in modern times.

The first war between technology titans in electricity featured Thomas Edison against George Westinghouse, with Nikola Tesla by Westinghouse’s side. Their clash was the original Battle of the Currents. In the end, Westinghouse’s alternating-current system bested Edison’s direct-current system. Alternating current allowed for economies of scale because electric power plants could be linked to customers across a vast distance. Interestingly, few people today are fully aware of the key roles played by Westinghouse and Tesla.

The third cornerstone was the business practices that governed the nationwide spread of electric service. Innovative business magnate Samuel Insull set the standard here with a full understanding of and belief in economies of scale. His aim was to spread the fixed cost of power plants and transmission lines over an increasing number of customers, thus causing the per-unit price of electricity to fall. Eventually, electricity became available and affordable to all, and, in this way, Insull implemented the first democratization of electricity.

The pursuit of the big, however, is also what got Insull into trouble and why his reputation is still infamous to some today. In 1932 Insull owned one of just three holding companies that together controlled almost half of all power generation in America. When his holding company failed in the Great Depression, none other than President Franklin D. Roosevelt blamed Insull for the severity of the ensuing economic collapse.5

The fourth cornerstone, closely linked to the third, was government regulation. In the early 1900s, Insull had actually invited state regulation of utilities; with such regulation, he won the exclusive areas of service (utility monopolies that would allow economies of scale) in exchange for giving the states the right to enforce cost-based rates for electric service. Federal regulation, however, came about during the Great Depression. During his presidency, Franklin D. Roosevelt aggressively broke up the large holding companies—one of the largest government interventions ever outside of wartime. That set up a jurisdictional tension between states and the federal government that remains in full force today.

Environmental regulation also is part of the regulatory cornerstone—an increasingly important part. The deadly air pollution episodes in Donora, Pennsylvania, and New York City were an important impetus. The landmark book Silent Spring (1962) by Rachel Carson is often credited with creating the modern environmental movement, with its combination of Carson’s compelling documentation of the detrimental effects of pesticides and her personal courage. She continues to have a major impact on the electricity business despite the fact that she never directly wrote or spoke about that industry. Carson’s template for environmental action can be seen today in efforts ranging from former vice president Al Gore’s An Inconvenient Truth in 2006 to former president Barack Obama’s Clean Power Plan in 2015, initiatives meant to address widespread concern about global climate change.

Today, fundamental changes in both scientific knowledge and cultural values have led to the question of whether an entirely new electric infrastructure must be built. The fact that environmental concerns—especially global climate change—drive and dominate the electricity business is one of those changes. Add to that the growing concern about electric-service reliability at the customer’s doorstep, rather than at the grid, due to more frequent storms and cyber warfare. And, further, add a demand for choice in electricity supply no different than the demand for choice in transport reflected in the rise of Uber. With such fundamental changes there is the possibility of a second Battle of the Currents. This time, the opposition would pit the well-established electrical grid against “personal power” from new industry leaders like Elon Musk, who often deploy smaller-scale, renewable technologies. A second democratization may also lie on the horizon, in which individual consumers can “vote” with their wallets for more environmental protection, more doorstep reliability, and more choice.

The ambitious narrative summarized here reflects the view that the only way to truly understand the past and anticipate the future is to use a wide-angle lens. All 265 years of the history of electricity must be taken into consideration. If the story starts with Edison, for example, it will have missed much of the first cornerstone—the great science of Franklin, Faraday, and Maxwell. Likewise, it is important to capture the full range of factors driving the evolution of the electricity industry. Only with assessments of the wider fields of science, military strategy, and geopolitics—particularly, the geopolitics of the Cold War—can one explain the rise of nuclear power. Only with assessment of the strategic opportunities in the auto business plus a deep dive into the culture of cars can one anticipate the future of electric vehicles. And only with the wide view can we judge whether the seemingly confrontational cabinet appointments of President Donald Trump might actually set the stage for constructive compromise on climate.

Electricity is at the core of all modern life, yet the full story of this revolutionary force has remained untold—until now.


PART ONE
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The Age of Franklin
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A Time of Awe and Discovery


CHAPTER 1

[image: ]

Benjamin Franklin’s Kite

He snatched the lightning from the sky and the scepter from the tyrants.

—Anne-Robert-Jacques Turgot (1779)1

“Death and Slaughter of a Man and his Son at Plough together with Four Horses” read the headline of a news bulletin in 1680. The culprit? Lightning. The bulletin went on to explain in graphic detail that the boy’s clothes were “rent from his body, and his Hat torn in two or three Pieces,” and that his body was burned from his neck down his back. So fearsome was lightning at the time that a 1766 sermon predicted that on Judgment Day God’s wrath would be carried out with thunder and lightning so powerful that “with one clap the earth will split to the very center, and the whole globe crumble.” In an earlier sermon of 1746 a different preacher expressed little hope that man could understand this great mystery of lightning, concluding that “humane Capacities cannot fully comprehend it.”2

Benjamin Franklin refused to concede that lightning was incomprehensible. Indeed, by flying his kite in the midst of a storm one day, Franklin revealed that lightning could be understood by man as an electrical phenomenon and not just as God’s wrath. Imagine Franklin’s courage when he flew his kite; this was not just intellectual courage with the gravest consequence being public embarrassment for a failed experiment. What he proposed was no safe lab trial. Franklin took on lightning, one of the most mysterious and dangerous forces then known.

With his kite experiment, Franklin enabled man to see the unseen. Franklin inspired an era of science in which electricity was the essence of scientific inquiry—the Age of Franklin. Through all this, Franklin showed the world the physical and intellectual courage that would continue to propel him throughout his remarkable life.

In his day, Franklin was recognized as one of the world’s foremost scientists, with some of his contemporaries referring to him as the “Newton of electricity.” Yet today there is a tendency to downplay his scientific contribution. Take a look at America’s hundred-dollar bill: Franklin’s face is on one side and Independence Hall on the other. Fair enough, but why are there no images related to his experiments, his kite, or his lightning rod? Some have argued that without his diplomatic success few would have paid attention to his science. Increasingly, however, modern historians are beginning to believe the reverse is more accurate. Scholars have recently argued that his reputation as a scientist created the opportunity for his success as America’s original diplomat. His electrical experiment and theories made him a celebrity around the world, and that celebrity gained him access to the dinner tables of the well-to-do and influential in France. From that perch, he negotiated the alliance with France that gave the American colonies the troops, ships, and supplies needed to beat the English at Yorktown and win the Revolutionary War. Electricity’s greatest contribution to the world is generally thought to be light, but, to America, it may quite well have been freedom.3

The lasting meaning of Franklin’s story is that science and scientists matter greatly to the history of electricity. This makes electricity fundamentally different from the other widespread forms of energy, like coal and oil. In Franklin’s day, scientists were thought to bring wisdom to any issue of the day, whether that be technology, politics, law, or culture. Just think of the progress that could be made in now-deadlocked debates on global climate change and other challenging issues if that were still true today.

THE ORIGINS OF HIS SUCCESS

It is said that success happens when opportunity and talent collide. For Franklin, it is arguably more accurate to say his scientific success came when context and personal ambition collided. Born in Boston in 1706, Franklin was a product of his time; he lived in the wake of the Scientific Revolution. His was an era when, for those with the money and time, science was central to both entertainment and social conversation. It also was a time of economic progress for the American colonies, and Franklin would rapidly become a wealthy man.4

His early years molded his character in ways that contributed to his great success. At the age of twelve, Franklin was apprenticed to his brother James as a printer for a term that was expected to be nine years. Let’s pause a minute to think of the importance of printing at the time: a printer was a skilled worker and a print shop might be thought of as the Google of the day, a place where information was routinely collected, updated, and disseminated to those with access. So powerful was this dissemination of information that historians identify printing as an essential tool for huge cultural shifts ranging from the Protestant Reformation to the Scientific Revolution. As an apprentice, Franklin spent hours reading and learning from what he printed. Printers were exposed to a unique education; another great scientist, Michael Faraday, would later enjoy the same education in the print shop of his mentor. Franklin came to see the printed word as something of an arbiter of the truth, writing that “printers are educated in the Belief that when Men differ in Opinion, both Sides ought equally to have the Advantage of being heard by the Publick; and that when Truth and Error have fair Play, the former is always an overmatch for the latter.”5

At seventeen Franklin breached his apprenticeship and ran away from Boston. He eventually settled in Philadelphia, where he started his own printing business with another former apprentice, Hugh Meredith. During his time as a printer, Franklin enjoyed a series of successes that revealed his broad talents, depth of intellect, and abundance of energy. One such success was a new fireplace (the Franklin stove), which conserved wood. He called his invention “another sun” because of the light and warmth it provided. Reflecting an innate altruism, Franklin refused to patent his inventions; this to-patent-or-not-to-patent question became a recurring theme in the history of electricity.6

Franklin stepped away from his printing business in 1748, at age forty-two. The printing trade had given Franklin the wealth that allowed him to retire in order to serve the world with his scientific genius and to serve America with his talent for diplomacy. Franklin had a confidence born of hard-won successes, and he believed he could achieve anything he put his mind to. He had a breadth of curiosity made manifest by a long list of achievements that would be hard to match in any age, and he was savvy enough to let practical and political reality guide him to what worked. Finally, Franklin had a depth of commitment to serve mankind in general and America in particular.

It would be wrong, however, to see Franklin as a perfect man. Franklin was inclined to pranks and hoaxes. One example involved his brother James, who published a newspaper called the New England Courant. James was intrigued one day to find an article under his door signed “Silence Dogood,” which he liked enough to print in his newspaper on April 2, 1722. Over the next six months he would find fifteen of these articles. James did not know that Mrs. Dogood was actually the nom de plume of his sixteen-year-old brother, Benjamin. In addition to playing tricks, Franklin became a scofflaw when he breached his apprenticeship. He also sired a son out of wedlock, perhaps with a prostitute.

Failure is sometimes a necessary step on the road to success, and this was the case with Franklin’s first trip to London. The governor of Pennsylvania, William Keith, falsely promised to provide letters of introduction and credit for Franklin. At age eighteen, Franklin found himself abandoned and far from home with little money. He got a job as a printer and spent eighteen months learning about printing and about London. While cited far less than his later visits to London, the first journey helped forge a character of confident self-reliance.7

THE SCIENTIST

The Right Time and a Plan

The historian I. Bernard Cohen, a professor emeritus of the history of science at Harvard, declared that Franklin became “one of the best known living scientists” of his time by providing the “first satisfactory theory” of electricity and was “the primary creator of this new science.” Astonishingly, in an era when simple communication meant sending a letter that could take days or weeks to arrive, Franklin won much of his fame in a short five-year span, from about 1747 to 1752, primarily by sending a series of letters to Peter Collinson in London concerning Franklin’s own experiments with electricity.8

What did it take to transform Franklin from successful printer to internationally famous scientist? Clearly it took intellectual genius, but, more than that, Franklin had an intuition for the needs and preoccupations of his time. In Franklin’s day, the term science meant “wisdom,” while natural philosophy coincided with what is called physics today. In the eighteenth century, reports on the latest experiments were commonly published even in provincial newspapers. As an apprentice printer, Franklin had taught himself to write by studying journals like the popular Spectator, in which Joseph Addison boasted that he had “brought Philosophy out of Closets and Libraries, Schools and Colleges, to dwell in Clubs and Assemblies, at Tea-Tables and in Coffee Houses.”9

It was the right time, and Franklin had a solid plan to get noticed. He would become what today would be called a public intellectual, and he understood that distant and lowly colonists needed the support of London in order to be recognized as high-profile scientists. To this end, Franklin built on his relationships with botanist and Royal Society fellow Peter Collinson in London, particularly when Franklin learned that Collinson was searching for a “colonial protégé.” It is Collinson who would take Franklin’s letters, which reported on his experiments with electricity, and have them read to the Royal Society in London.10

Science in Newton’s Shadow

Isaac Newton’s famous Principia was published in 1687, just nineteen years before Franklin’s birth. Newton’s other classic, Opticks, was published in 1704. These two works were fundamentally different, and it was Opticks that had a greater influence on Franklin. Opticks was accessible to him because it was written in English rather than Latin and, more important according to Cohen, was “devoted to the description of beautiful, simply performed experiments.” Franklin’s work was consistent not only with Opticks’ focus on experimentation but also with the fundamental nature of the effort. In Principia, Newton theorized that gravity was a function of mass and that the type of material did not matter. Opticks contrasted sharply with this view because it focused deeply on types of material, including specific materials that would conduct electricity or were magnetic. Franklin’s work is in the same vein as Opticks since Franklin was, as Cohen notes, “an experimental Newtonian scientist.”11

Franklin’s scientific work lived up to the motto of the Royal Society: “On the Word of No One.” That is, the laws of nature should be discovered through experimentation, not taken for granted. This commitment to experimental proof was the foundation of the Scientific Revolution launched by Newton and others. The study of electricity was a great test of that commitment, since there was likely a temptation to stick with the celebrated findings of Newton, rather than develop a different view. But the boldest “electricians” did not succumb to that temptation; they let themselves be confronted and confounded by the differences between gravity and electricity. Newton’s gravity was all about attraction of celestial bodies, but electricity was different: it concerned both attraction and repulsion. The goal was to explain the coexistence of attraction and repulsion, something that had never been attempted before. Franklin would do just that in his letters to Collinson.12

Franklin’s Letters to London: An Exquisite Experiment

In two letters to Collinson dated May 25 and July 28, 1747, Franklin explained his basic theory of electricity. It depended on the concept of balance, or equilibrium. When an object—such as a piece of amber or a glass tube—had its normal amount of “electrical matter” or “electrical fluid,” that object was in a normal state and did not attract or repel other objects. However, if the object lost or gained electrical fluid and became unbalanced, the object became “charged.” Franklin established definitions for these imbalances: when an object gained electrical fluid, it was positively charged; when the object lost electrical fluid, it became negatively charged. Franklin’s theory focused on the redistribution of a single type of electrical matter or electrical fluid.13

Most important, Franklin’s theory explained attraction and repulsion. Attraction occurs when two objects or materials are brought together and one is positively charged and the other negatively charged; so, with electrical fluid, as in romance, you could say that opposites attract. In contrast, if two objects are brought together and both are either positively charged or negatively charged, the objects will repel one another—like repels like. Franklin’s theory was sometimes called the single-fluid theory. The experiments in which he proved his theory were elegantly simple, and they sometimes had the feel of a parlor game because real people were the ones positively or negatively charged. In one experiment Person A rubs a piece of glass with silk to create static electricity. When A passes the glass to B, sparks fly.14

Franklin’s Letter on the Leyden Jar

In 1746 a university researcher in Holland conducted what he described as “a new but terrible experiment.” The researcher’s name was Pieter van Musschenbroek, and the device he developed through the experiment became known as a Leyden jar, after Leiden University where Musschenbroek worked. The device is best envisioned as an ordinary, partially filled glass jar of water with a brass wire dipped into it. Noted Berkeley historian J. L. Heilbron says the “standard form” also has “metal foil inside and out.” The foil on the inside of the Leyden jar is given an electrical charge by touching the brass wire with a metal rod; the rod got its charge from a glass tube rubbed with silk, which created static electricity. A charge of opposite sign and equal magnitude would then form on the outer metal foil. Because glass is a good insulator, the two charges hold each other in a standoff until a path is created to let the charges come together.15

Why was the Leyden jar a “terrible experiment”? When Musschenbroek put his right hand on the outside of the Leyden jar and his left hand on the iron bar that conveyed static electricity to the inside of the jar, his body linked two oppositely charged objects. That opposite charge was the source of the jolt with which his “whole body quivered just like someone hit by lightning.”16

The world took sides on explaining the Leyden jar, with Franklin in one corner and the Frenchman Jean-Antoine Nollet in the other. Though Nollet’s name is nowhere near as recognizable as Franklin’s today, Heilbron concluded that from 1745 to 1752 Nollet’s theory “enjoyed the widest consensus any electrical theory had yet received.”17

Franklin’s concept of positive and negative charges allowed him to explain the properties of the Leyden jar, and thus his theory won the day. Heilbron wrote that the electrical fire inside the Leyden jar accumulated “on the inner surface of the jar because it is unable to pass” through the glass; in other words, Franklin got the role of the glass right—it is a great insulator. This excess of electrical charge on the inside meant that an equal amount of electrical fire must be repelled, and that force can be neutralized only by an equal but opposite charge on the outside of the glass. Nollet conducted the terrible experiment himself, and it “bent him double and knocked out his wind.” Ultimately, he was unable to explain precisely why the Leyden jar did what it did; he concluded that it was an “exception.” In a letter to London in July 1747, Franklin explained the science behind the Leyden jar, and, with that feat, increased his international fame as a scientist.18

Franklin’s Kite: Lightning Is Electricity

Franklin’s victory in the battle of the theories was impressive. A lowly American went head-to-head with the best-educated and best-funded scientists Europe had to offer, and he bested them all. Not only did he win personal fame but he helped the striving American colonies gain recognition in the international scientific community. Franklin’s success showed that Americans had the mettle to equal if not surpass their European counterparts.

The impact of this scientific victory on his international reputation, however, pales in comparison to the impact of the experiment he suggested that showed that lightning is best explained as the equivalent of electrical force. Franklin was not the first to suggest the equivalence, but he was the first to successfully propose and inspire an experimental test to illustrate it. In July 1750 Franklin proposed what became known as the sentry-box experiment in a letter to Collinson. His proposal started with the idea of an enclosed sentry box that would be big enough for a man standing on insulation. The sentry box would have an iron rod that extended twenty or thirty feet into the sky. Franklin’s proposed experiment was an attempt to understand the nature of lightning by drawing it down from the sky to an iron rod.19

What Franklin wanted to test was the theory that lightning began with an electrical charge in the storm clouds, and that lightning discharges would descend to the highest object around, whether that was a church steeple or a mighty oak. The inspiration to others began with the publication of Franklin’s letters in April 1751 in a book titled Experiments and Observations on Electricity, Made at Philadelphia in America by Mr. Benjamin Franklin. A Frenchman, the Comte de Buffon, read and admired Franklin’s work, and he asked that Jean-François Dalibard translate the work into French, with the help of an electrical experimenter named Delor. Buffon’s interest also reflected his intense dislike for Nollet and his colleagues, for a variety of reasons, including a personal feud with René-Antoine Ferchault de Réaumur, Nollet’s patron. Buffon and Réaumur had traded insults directly and through others. Since Franklin’s work opposed Nollet, and by association Réaumur, Buffon wanted to promote Franklin’s views.20

Buffon, Dalibard, and Delor gained their first opportunity to publicize Franklin by re-creating some of his experiments for none other than the king of France, Louis XV. The three Frenchmen then sought to conduct Franklin’s sentry-box experiment. In May 1752 Dalibard set up the needed apparatus at Marly-la-Ville, a village about twenty miles outside Paris. On May 10 two other men were instructed to conduct the dangerous experiment by touching a pole to a brass wire and “saw the first spark man ever intentionally drew from the sky.” Dalibard reported the Marly experiment to the Academy of Sciences in Paris. The experiment confirmed “the kinship of lightning and electricity” and that Franklin was right about the lightning rod: “an elevated, grounded, pointed rod” offered protection from storms. The success at Marly proved that the study of electricity was not “toy physics” but rather a significant path of inquiry that could explain a major physical phenomenon.21

Franklin’s experiment to prove that lightning was electricity—flying a kite during a storm—was a variant of the sentry-box experiment. Franklin conducted the kite experiment in June 1752—which was before he heard of the successful sentry-box experiment at Marly, but not before the French experiment had actually been conducted. It was the kite experiment, rather than the sentry box, that caught the public imagination and led the philosopher Immanuel Kant to refer to Franklin as a “modern Prometheus.”22

Franklin described his apparatus in his letter to Collinson in October 1752. The body of the kite was a silk handkerchief stretched over a cross made of two pieces of cedar wood. Extending from the top of the kite was a thin metal wire. A long string ran from the bottom of the body of the kite. At a point close to Franklin’s hand a metal key was tied to the string, and below that key was another piece of silk that Franklin held in his hand. This simple apparatus would tame the power of nature.23

With the kite flying high, he invited lightning to strike the tip of the metal wire extending above his silk kite and then send the captured electric current down the string to the waiting key. That key would then allow Franklin to transfer and store the electrical charge in a Leyden jar. Once in the Leyden jar, the electrical charge from the lightning was shown to be the same as the static electricity that scientists used at that time to experiment with electricity—a much less fearsome proposition. Since the extra piece of silk Franklin used as a handle was crucial to his safety—this is why the charge supposedly stopped at the key—he suggested that it was best for future experimenters to stand inside a small building to keep themselves and the silk handle dry.24

The danger is clear: Franklin’s experiment put him in the perfect position to be struck by lightning and killed. This dire consequence was brought home by the death of George Richman, a scientist attempting Franklin’s experiment in July 1753 from his apartment in St. Petersburg. An obituary for Richman tells of both his notable scientific stature and the danger of experiments with electricity. Richman’s death was a loss to science: he was well educated, a member of the Imperial Academy of Sciences and Arts at St. Petersburg, and a professor of experimental philosophy. While well aware of the “dangerous consequences,” as the obituary notes, he “neglected no opportunity” to measure the strength of the charge in a “thunder-cloud.” Richman’s death and the obvious danger of the experiment provoke doubts to this day that Franklin actually flew his kite in a storm.25

The Harvard historian I. Bernard Cohen makes clear his view that Franklin did indeed conduct the kite experiment, while acknowledging the debate around it. In an article from 1952, Cohen starts by pointing to a famous depiction of the kite experiment by Currier and Ives and then points out all that is wrong with the depiction. In the end, Cohen concludes that there is no “legitimate doubt” that Franklin conducted his kite experiment. Cohen also says there is good evidence that others replicated the experiment, so there is no reason to doubt Franklin’s claim. Still, doubts persist. Author Tom Tucker makes his conclusion quite obvious in his 2003 book, Bolt of Fate: Benjamin Franklin and His Electric Kite Hoax. Tucker frames the kite experiment by concentrating on Franklin’s propensity for trickery, and he sees it as just another classic Franklin prank. Yet if Franklin did not conduct his kite experiment as he said he did, this would have gone well beyond a good-natured hoax in the name of fun. It would have been a deception on a grand scale. There was no reason for Franklin to lie; he would have won international fame by simply suggesting the sentry-box experiment and having Dalibard conduct it. As Cohen suggests, Franklin probably did not conduct the experiment with the drama emphasized by the Currier and Ives depiction, but there is no reason to conclude he did not do it at all.26

Franklin’s Invention: The Lightning Rod

Not only was Franklin an innovative experimental scientist, he was also a master at the practical application of his science. Franklin described his most important invention, the lightning rod, in his Poor Richard’s Almanac of 1753 under the heading “How To Secure Houses, & C. From LIGHTNING.” He first said, “It has pleased God in his goodness” to provide some level of protection from “mischief by thunder and lightning.” The protection comes in the form of a “small iron rod” with “one end being three or four feet in the moist ground.”27 The other end should be “six or eight feet above the highest part of the building.” He adds that a foot-long brass wire should be attached to the upper end. And he promised that with such a device the house “will not be damaged by lightning” because the lightning would be attracted “by the points, and passing thro the metal into the ground without hurting any thing.”28

Although the lightning rod seems intuitive and even quaint today, it represents a hard-won achievement in both science (discovery that lightning is an electrical phenomenon) and technology (the consequent invention of a lifesaving tool available to all). Similarly, it is important not to underestimate the possible philosophical advance it represented in the battle of man versus nature—with the balance tipping toward man.

The lightning rod also demonstrated how politics can enter the debate surrounding any technology. In England a controversy arose over the shape of the lightning rod: should it be “pointed” as Franklin proposed or should it be a blunt knob as suggested by the English scientist Benjamin Wilson and others? Heilbron calls it a “comical battle” that started in 1772 when the Royal Society was asked how to protect an arsenal stocked with gunpowder from lightning. The Royal Society’s committee, despite Wilson’s dissent, concluded that pointed lightning rods were the best protection. In 1777 the town of Purfleet suffered damage from lightning despite the pointed lightning rods near its arsenal and other buildings. By then, of course, Franklin’s America had begun its revolution. King George III himself entered the fray, with a request to the Royal Society to reverse its decision. Cohen paraphrased the president of the Royal Society Sir John Pringle’s reply thus: “His Majesty might change the laws of the land but could not reverse or alter the laws of nature.” Suffice it to say that Pringle lost his job at the Royal Society. It was a “comical” and unnecessary public debate since, as Heilbron puts it, when viewed from the same height “on nature’s scale both [a knob and a point] appear to be points.” This, of course, was not the last time politics would interfere with scientific inquiry.29

THE CONSEQUENCES OF HIS SUCCESS

His Fame in Science

Franklin earned renown as America’s diplomat in France, but, as mentioned earlier, modern historians increasingly find that Franklin’s international fame as a scientist gave him advantages as a diplomat. Harvard American history professor Joyce Chaplin more boldly states, “Franklin was not a statesman who did science. He became a statesman because he had done science. And he was able to do so because, in the eighteenth century, science became part of public culture.”30

Franklin’s international scientific fame is well-documented. His book Experiments and Observations on Electricity (1751) was printed in five English editions and was translated into three languages, all before the American Revolution and Franklin’s assignment to France. Franklin also received many awards and honorary degrees for his scientific contributions. In 1753 he was awarded the Sir Godfrey Copley Gold Medal, the highest award for scientific research from the British Royal Society. Before Franklin’s award, the medal had been given only to British Fellows of the Royal Society. His other honors during his lifetime included honorary degrees from Harvard, Yale, the College of William and Mary, Scotland’s University of St. Andrews, and England’s Oxford University. Franklin was elected as a Fellow of the British Royal Society, a member of the Royal Society of Göttingen in Germany, and a member of the Royal Academy of Sciences in Paris—only one of eight foreigners to be so honored at the time.31

Two Missions in London

Scientific fame, however, does not guarantee diplomatic success, as evidenced by Franklin’s two diplomatic missions to England. He went one for two, with his loss being far more consequential than his win. On his first mission to England, from 1757 to 1762, Franklin was sent to London as the representative of the Pennsylvania Assembly to negotiate with William Penn’s heirs. Franklin’s awkward goal was to ask the Penn family as proprietors to allow themselves to be taxed to generate revenue for the colony. Chaplin reports that the Pennsylvania Assembly correctly guessed that Franklin was “famous enough to shine” in London, and Franklin did take “his place in London as a somebody—as the electrical genius, the winner of the Copley Medal, and the famous American philosopher.” Still, despite Franklin’s glowing reputation, by the end of his first mission in 1762 one of the Penn family called him a “malicious villain.” In August 1760, however, “Franklin won the day” as the “Privy Council ruled mostly in favor of the Pennsylvania Assembly and against the Penns.”32

Franklin’s second mission to England covered an even longer period, the eleven years between 1764 and 1775. This time, the issues at hand were more delicate and dangerous; they would lead to the Revolutionary War. Franklin’s second mission ended, as did the first, with a session of the privy council. Unlike the first, however, Franklin won nothing—in fact, he lost a great deal. The unstated agenda of this session of the privy council was to rebuke Franklin for releasing private letters written by the appointed governor of Massachusetts. Meetings of the privy council were not often well attended, but most of the political elite were present for this session. The prime minister, Lord Frederick North, was there, as were Lord Dartmouth, the secretary of state for the colonies; the archbishop of Canterbury; the bishop of London; and other leading figures. The solicitor general himself, Alexander Wedderburn, was asked to conduct the examination of Franklin. H. W. Brands, a noted Franklin biographer, writes that through it all, the packed audience in the gallery “laughed and cheered at the solicitor’s slashing assault on Franklin’s behavior and character.” He notes that Wedderburn struck out at the fame Franklin had earned for his work on electricity when he said Franklin was “the prime conductor” of the affair. He ridiculed Franklin’s position as postmaster, stating that, going forward, he would “esteem it a libel to be called a man of letters.”33

The ridicule was meant to put Franklin and the colonies in their place. In England’s view, America was not its equal on any grounds. Franklin, however, was clearly the equal of any of their great minds; indeed, his scientific achievements were judged to be as exciting and innovative in England as elsewhere. Moreover, Franklin had made his own success; nothing had been given to him by title or birthright. Perhaps on that day, the ideal that all men are created equal began to form in his head. Surely it was on that day that Franklin turned firmly toward revolution.

The Alliance with France

Soon after the scathing session in front of the privy council, Franklin returned to America and was asked to take on another great challenge for his country. It was one that would be both physically and professionally demanding: at age seventy, Franklin was asked to make an arduous journey to France. He would travel across hostile waters, in difficult weather, with only his two young grandsons to accompany him. The professional challenge lay in the task he was given: to convince King Louis XVI of France to give monetary and military support to America so that it could assert its independence from King George III of England. Franklin, of course, accepted the challenge and achieved his goal. Thus, the scientist behind the discovery of electricity became the metaphorical “lightning rod” to the independence of the United States—the nation in which the development and application of electricity would be nurtured for centuries to come.

How did he do it? To start, the French knew him. Not only had Franklin bested the French scientist Nollet’s theories on electricity but the first successful test of Franklin’s conjecture that lightning was electricity—the sentry-box experiment—was done in France by the French.

However, while fame or reputation got Franklin in the door, it by no means guaranteed success. Franklin’s persuasiveness as a diplomat must be due in equal part to the fact that he was savvy enough to understand what France wanted from an alliance with America. Franklin also understood what the influential figures in France wanted from him personally. He knew that the small group of powerful French were open to being convinced “at the dinner table,” where he was “different enough to be interesting but familiar enough not to be frightening.” Franklin’s identity as a diplomat was not restricted to certain hours or meetings: it governed his approach to life.34

Unusually for an American, Franklin learned to fit perfectly into the European culture of his day. He spent much of the twenty-eight-year period from 1757 to 1785 in Europe. Historian Morris Bishop finds that Franklin’s scientific fame gave him “access to the scientific and cultural world of Europe” in which he finally found “stimulating intellectual companionship.” The science of electricity was not relegated to the laboratory; rather, it often was trotted out at dinner parties, as a topic of interest for the elites. Moreover, though Franklin had few intellectual equals in America, Bishop concludes that “Franklin’s experience in France was the homecoming of his mind.” The scientist and diplomat was stimulated by the other curious minds around him, regardless of nationality.35

A triumphant career did not come without personal pain. Franklin lost his son, William, when William chose to support England. Franklin said, “Nothing has hurt me so much and affected me with such keen sensations as to find myself deserted in my old Age by my only Son.” William would be imprisoned throughout the war and lived out his days in London, exiled from both father and country.36

FRANKLIN’S LEGACY

Franklin’s place in history is best captured by the caption of a famous 1779 engraving: “He snatched the lightning from the sky and the scepter from the tyrants.” Snatching the lightning made him an important scientist; snatching the scepter made him an astonishing statesman. His dual fame makes him unique and somewhat difficult to place in a single category in the narrative of history. Was he a man of his time, or a man who created his time?37

He was a man of his time in that he lived in a country where freedom was blossoming and the social ladder was lowered for him to climb. He was a man of his time because the Scientific Revolution had begun, and so an interest in science was pervasive. His writings put him center stage as a scientist, while the American Revolution put him center stage as a diplomat. Still, more than most, he created his time when he left the middle-class comfort of his printing business to pursue his curiosity around science and politics.

Franklin’s core theory of electricity from 265 years ago is consistent with modern theory. Today, scientists believe all matter is made up of atoms. In the basic (but incomplete) picture of an atom, there are electrons orbiting around a nucleus that contains other particles including, but not limited to, protons. Both the electrons and the protons carry an electrical charge, with electrons arbitrarily assigned a negative charge and protons said to carry a positive charge. Inside that atom, Franklin’s old rules apply: opposites attract. Therefore, orbiting electrons are attracted to protons, and that attraction serves as the force holding the different particles in an atom together. In most materials, atoms have exactly offsetting positive and negative charges, so they are electrically neutral. However, electrons in the atoms of some materials can be “taken” by other atoms. When that happens, the atoms that have done the taking have an excess of electrons, so the balance or equilibrium among the atoms is disturbed. Electricity itself is a feature of the “movement” of these electrons in the face of disequilibrium.

Franklin’s stature was unmatched in colonial America. His contemporaries, whether they knew him or had only heard about him, recognized his genius. In a letter to Franklin in his later years, George Washington wrote, “If to be venerated for benevolence, if to be admired for talents. If to be esteemed for patriotism, if to be beloved for philanthropy, can gratify the human mind, you must have the pleasing consolation to know, that you have not lived in vain.”38

When Franklin died in April 1790, more than twenty thousand people, the equivalent of half Philadelphia’s population, attended his funeral. In France, where the National Assembly decreed an unprecedented three days of mourning, a secretary of the French Royal Society summarized the feelings of the nation: “A man is dead, and two worlds are in mourning.”39 The two worlds that suffered the loss might be seen not only as the Old World and the New but also as the worlds of science and statesmanship.


CHAPTER 2

[image: ]

James Watt’s Steam Engine

Tamer of lightning and tamer of steam, Franklin and Watt . . . how much further the steam engine is to be the handmaid of electricity cannot be told.

—Andrew Carnegie (1913)1

If Franklin placed the first cornerstone for a world to be built on the pervasive production and use of electricity, James Watt placed the second cornerstone by perfecting the technology for the steam engine in the midst of the Industrial Revolution.

At first glance, electricity and steam seem unrelated. This reflects the uncertain dance of science and technology. Only the long view of history reveals the perfect fit between them. This is evident in two ways. First, for much of the electric power generated in the world, even today, the generation of steam is the first step. Steam is produced by burning fuels that range from coal to natural gas, or even by producing heat from a nuclear reaction. This steam is then used to drive a turbine that spins a magnet inside a coil of wire, which, in turn, generates electricity—the “flow” of electrons that Franklin “saw” and Michael Faraday would later prove.

Second, the ubiquity of steam engines in factories set the stage for the equally widespread use of electric motors because the steam engine inexorably linked factories to the use of mechanical power. This shift signaled the birth of the Industrial Revolution. Had manufacturers not become addicted to mechanical power with the steam engine, there may not have been the same opportunity to replace older systems with the electric motor—and to reap the enormous economic benefits of doing so.

More broadly, steam generation is a technology that provides us with an early template for technological change. Since technological change is offered as a solution to almost every problem in modern times, it is worth examining that template. Its evolution is a tale of perseverance, partnership, patents, and productivity.

PERSEVERANCE

In a letter to James Watt’s son, well after his father’s death, Dr. James Gibson, who was married to Watt’s granddaughter, wrote up a family legend describing Watt’s early fascination with steam. Watt was frequently ill as a child and had been sent to the countryside to recover. Gibson wrote, “While the elders were at table the subject of this éloge [Watt] was found sitting by the parlour fire holding a plate . . . to the spout of the boiling tea kettle noticing carefully the distances at which the steam condensed when it came in contact with the cold plate.” Gibson wondered if this could have given Watt “the first idea of the power and elasticity of steam.” Watt’s own experimental notes discuss his use of a teakettle to understand the science underlying his first major breakthrough—that is, the science behind the theory of latent heat. It would be difficult to conclude that his encounter with the teakettle as a child set him off on an inevitable path to invention, but the recollection indicates an innate curiosity, the patience for observation, and an interest in precise measurement that served him well as a scientist.2

Born in 1736 in Greenock, Scotland, James Watt enjoyed a comfortable childhood. His father was an established merchant, shipwright, and carpenter, and became renowned for his ability to make delicate mechanical instruments used for precise measurement. Watt first revealed his precocity through an aptitude for math, reading widely, and at his workbench where he made models of mechanical devices such as pumps and pulleys. In 1753 Watt suffered two serious hardships when his mother died and his father lost his wealth. In the face of his father’s financial loss, Watt needed a trade and set his sights on becoming a mathematical instrument maker. In the next year, Watt moved to Glasgow, where he was mentored by John Anderson and Robert Dick, both professors of natural philosophy at the University of Glasgow. Watt then went to London in 1755 to look for a shortened apprenticeship. John Morgan, a mathematical instrument maker, agreed to grant him a one-year instruction. In 1756, at age twenty, Watt returned to Glasgow. The protective guilds there would not let him work as an instrument maker because he had not completed a seven-year apprenticeship, but the University of Glasgow did. At that moment, the university was filled with great men, including Adam Smith, the famous economist, and Joseph Black, a noted professor of medicine and chemistry. Watt became the instrument maker for the university and was given his own shop. The door to a life of invention was opened.3

How does an instrument maker become a world-class inventor and scientist? The answer starts with the link between science and instrument makers during Watt’s lifetime. Instrument makers were the “unsung heroes” of the Scientific Revolution. Scientists of all fields depended on the instruments that these craftsmen provided. Meteorologists needed barometers, chemists needed tools for laboratory analysis, and surgeons needed forceps and medical devices. Newton had brought on the Scientific Revolution by focusing on measuring and quantifying relationships, and instrument makers were central to giving precision to those measurements. In essence, the instrument makers provided the cutting-edge technology that enabled the explosion of scientific advancement.4

The University of Glasgow had a model of a valuable steam engine, designed by early inventor Thomas Newcomen, that needed repair. In 1764 professor John Anderson asked Watt to fix it. The engine was very simple: Steam was injected into a cylinder, and it pushed a piston upward. When the steam cooled, the piston fell. The movement of the piston lowered and raised a beam that performed work. In normal use, the engine pumped water out of mines; the need to pump water out of coal and other mines drove a great demand for improved steam technology. These efforts to improve and fully exploit mines helped ignite the Industrial Revolution in England before it began anywhere else.

Watt found the Newcomen engine to be terribly inefficient. He had to burn substantial quantities of coal to boil water in order to produce enough steam to get the piston to move even a few strokes. Through his own experiments, however, Watt discovered Joseph Black’s theory of latent heat. Independently, Black and Watt found that when heat was initially applied to water, it increased the water’s temperature; we all observe this every time we heat water for a cup of tea. However, the temperature of water doesn’t increase as one might predict. Once the temperature reaches 212 degrees Fahrenheit, the boiling point of water, it stubbornly remains the same as the water turns to steam. The heat applied to increase the temperature of the water is called sensible heat, and the heat used to transform a liquid like water to a vapor like steam is called latent heat. Black termed it “latent” or “hidden” because it could not be detected by measuring temperature. Watt concluded that by condensing or cooling the steam in the cylinder of the Newcomen engine with each stroke latent heat was lost and this undermined the engine’s efficiency.5

Watt’s great breakthrough was the separate condenser. To keep the engine’s cylinder hot, he would draw the steam over to a separate vessel where it could condense back into water. Watt did this by creating a vacuum in the separate condenser so steam rushed into it from the cylinder and was cooled there without cooling the cylinder. Professor John Robison, speaking in 1796, captured the productive mix of talents that enabled Watt to achieve this great breakthrough. When visiting Watt’s instrument shop, Robison said, “After first feasting my Eyes with view of fine instruments . . . I saw a Workman and expected no more—but was surprized to find a philosopher.” Further, Robison wrote that “every thing became Science in his hands.” Science came naturally to Watt; fortune, meanwhile, was more elusive.6

PARTNERS AND PATENTS

Watt was neither the first nor the last inventor to need an outside investor to transform his invention into a commercial success. It was a long road from a model steam engine to a full-scale engine that could pump water from a real mine. Once again, Joseph Black, his friend and mentor, helped Watt get to the next stage, first with his own money, and then by introducing him to John Roebuck, a prospective investor. Flooding was a big problem at Roebuck’s coal mines, and the Newcomen engine he used to pump water out did not solve his problem efficiently enough.7

Roebuck gave Watt a place at his Kinneil estate near Barrowstoness, a coastal area in the Central Lowlands of Scotland, to build a full-scale steam engine. But ultimately, Roebuck was not ready to support Watt financially. Watt encountered a series of setbacks as he pushed forward, and in 1766 he had to sell his instrument maker’s shop and do surveying work in order to support his family. Around this time, Watt met Matthew Boulton, a successful businessman who would eventually become central to his success. Boulton was already famous for developing the first great manufacturing facility at Soho outside Birmingham, England.8

In 1769 Watt won his first patent for the steam engine. As with any law, patents have benefits and shortcomings. In contemporary society, we are more likely to think of the good side of patents: they guarantee an inventor the rights to his or her invention, and this serves as both protection and incentive. In Watt’s day, the view of patents tended to be more negative: it was thought that a patent could allow a monopoly, and that patents should be few and far between. Boulton and others advised Watt to seek a broad patent for his invention, to keep others from profiting from his idea by developing a slight variation.9

Watt and Boulton spent thirty years struggling against rivals under the patent law of the time. Some say it was because their early patent was too vague; it covered a principle, not the application of that principle. The issue is more complicated and, once again, reflects this uncertain dance between science and technology. Did the new scientific awareness of latent heat or, more broadly, thermodynamics justify this principle-based patent? Or should Watt and Boulton have filed a patent on the specific technology of the separate condenser? Must the technology be described in enough detail that once the patent expires others can use it to advance the technology even more? The debate on whether and how to patent hindered Watt, became an affliction for Samuel Morse, and persists even today. The Economist observed in 2015, “Today’s patent regime operates in the name of progress. Instead, it sets innovation back.”10

A series of setbacks followed the development of and the patent for the full-scale engine in 1769. About four years later, history repeated itself for Watt when, once again, life dealt him two serious setbacks at a crucial moment. He suffered a financial loss when his investor, John Roebuck, went bankrupt, and he suffered a personal loss when his wife, Peggy, died. Watt had married Peggy in 1764, and she died nine years later when Watt was thirty-seven years old. They had six children, though not all reached adulthood.

In 1774, nine years after his breakthrough with the separate condenser, Watt moved his steam engine to Boulton’s Soho Manufactory. Birmingham was a place where people “came on foot and left in chariots,” a place known for free enterprise, upward mobility, and freedom of religion—the same freedoms, at the same time, that inspired Franklin and other American colonists. Historian Arnold Toynbee says that when “Adam Smith wrote his bitter criticism of the corporations, he was probably thinking of the particular instance of Glasgow, where Watt was not allowed to set up trade.” This move to Birmingham, a “free town,” would allow him to flourish from that freedom. In 1775 Watt and Boulton won some breathing room when Watt’s patent was extended for twenty-four years by the British government.11

Watt and Boulton then turned to the task of making the steam engine work. For this they recruited others, including John “Iron-Mad” Wilkinson. Wilkinson was “iron mad” because he thought the iron he made could and should be used for everything. The tin cylinder Watt had been using was problematic. Wilkinson had patented a technique to bore out a smooth iron cylinder for use with cannons, and that technology, along with switching from tin to iron, helped to fix some of the problems in Watt’s steam engine. In addition, Boulton recruited William Murdoch, who became Watt’s right-hand man in the mining district of Cornwall, the major location where steam engines were built and used at the time. It was not long before Watt would proclaim that “the business I am here about has turned out rather successful; that is to say, the fire-engine I have invented is now going, and answers much better than any other that has yet been made.” Cross-pollination of ideas and skills from one industry to another was key to technological progress throughout the history of electricity. It still is today.12

Watt, always the scientist and inventor, continually improved the steam engine. Boulton, the businessman, filed more patents. Granting patents was a major way for the government to influence technological advances at the time. Contrast that with today’s cash and tax subsidies, which give money directly to finance inventions. Still, at least one private investor, namely Boulton, did step in to finance and direct the development of this soon-to-be-pervasive technology. And Boulton brought much more than money to Watt’s invention; he had confidence and vision. When he was
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