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    INTRODUCTION

    WHAT WAS KNOWN

    The ancients knew that amber, when rubbed, would attract lint, hair, and chaff—the fibrous residue that remained after wheat was threshed — although how long they knew it probably can’t be determined. The Greek word for amber was electron, for its golden color, although the term was also used for gold and for alloys of silver and gold such as electrum, likewise because of their color. Thaïes of Miletus, one of the Seven Wise Men of ancient Greece and a founder of the science of mathematics, believed a magnet attracted iron because it had a soul Sometime around the year 585 B.C., he made the first recorded reference to a lodestone, iron charged with magnetism in its natural state, and its amberlike properties. Chinese literature on the subject begins to appear in the third century B.C., and in ancient Rome both Plinius Secundus, known to history as Pliny the Elder, and Claudius Galen, the great Greek anatomist, addressed the subject. But Galen frankly confessed that no explanation of the phenomenon made any sense to him. Saint Augustine, too, was puzzled by the fact that magnetism attracted iron chains. No one else seems to have given much thought to the mysterious matter and, to a certain extent, the phenomenon remains mysterious to this day. Thaïes, Pliny, and Galen knew that rubbed amber and an unrubbed lodestone attracted certain seemingly unrelated substances, and that they stuck to certain metals. So do we.

    We also know, because we have since discovered it, that magnetism is one of the four basic forces of the universe. The others are gravity, weak force, and electricity. No one knows what gravity is. Like all basic forces, it appears to be ubiquitous in the universe, and like all forces, it acts visibly on its surroundings. Gravity, for example, keeps people from flying off the earth and the earth from flying away from the sun. Weak force has been theorized, perhaps as having something to do with the dark matter that supposedly accounts for most of the universe’s mass, but has never been observed. Neither has dark matter. As far as we know, electricity and magnetism are the only two of the four forces that are convertible into each other. We also know that electricity is a stream of excited electrons, a thing that was not discovered until after 1897, when the electron was identified and described. But on the vexed subject of why magnetism and the other forces occur or where they came from, we were pretty much in the same boat as Thaïes until William Gilbert, an English medical doctor who became the personal physician of Elizabeth I, took up the subject in 1600, when he published the book De Magnete.

    Gilbert coined the words magnetism and electricity, and he was the first to distinguish between the two. This was a crucial insight. Few people even suspected that electricity existed, but those who knew had observed that it was similar to magnetism. That is, like magnetism it seemed to manifest itself (but as sparks and pain, unlike magnetism, which is a passive force) in the presence of metal, hair, and chaff, and like magnetism it had the power to attract and repel. And like the magnetism induced in amber, electricity manifested itself when certain things were rubbed. Scuffling the leather soles of shoes or sandals over a woolen rug produced a spark and pain when the wearer of the shoes or sandals wet a finger and touched a stone wall or the flesh of another person. Defining electricity as a separate phenomenon meant that electricity could be studied as its own entity, and by studying it separately, its uses (if any) could be learned. With the science of 1600, Gilbert could go no further into the nature of electricity than this. We, of course, have gone much further, making electricity one of the underpinnings of our civilization. But like Gilbert, we still have no idea why electricity exists.

    Decades before Francis Bacon became the father of the scientific method in the England of the Stuarts, the Tudor-era Gilbert was a firm believer in hands-on experimentation rather than windy speculation based on ancient texts. “Many modern authors,” he wrote,

    
      have written about amber and jet attracting chaff and other facts unknown to the generality: with the results of their labors booksellers’ shops are crammed full Our generation has produced many volumes about recondite, abstruse and occult causes and wonders, and in all of them amber and jet are represented as attracting chaff; but never a proof from experiment, never demonstration do you find in them. The writers deal only in words that involve in thicker darkness subject-matter; they treat the subject esoterically, miracle-mongeringly, abstrusely, reconditely, mystically. Hence such philosophy bears no fruit; for it rests simply on a few Greek or unusual terms — just as our barbers toss off a few Latin words in the hearing of an ignorant rabble in token of their learning, and thus win their reputation.1

    

    Here speaks a genuinely modern voice. Gilbert rubbed objects and compiled a huge list of things that could thus be electrified. He employed a sensitive electricity detector that resembled an unmagnetized compass, and he used a true compass to study magnetism, because a true compass always points to the magnetic north pole. He deduced that electrical attraction was different from magnetic attraction — because, ignoring lightning, there appeared to be no naturally occurring forms of electricity in the way that magnetism appeared in a lodestone, a naturally occurring magnet — and he correctly concluded that “the whole earth is a magnet.” To explain his discovery to the queen, he built a terrella, or “little earth,” a tiny model of the planet made of lodestone, and passed a compass over it. Galileo, who did not suffer fools gladly, was a great admirer of Gilbert’s work.

    Once Gilbert had demonstrated the uses of the scientific method in the study of electricity, interest in the subject picked up, but not by much. Otto von Guericke, a German lawyer, mathematician, engineer, and burgomaster of Magdeburg for thirty-five years, invented the vacuum pump and built a Gilbert-like terrella of his own, and with further experimentation produced a friction-based electrical generator, the first of its kind. Leather pads were placed in contact with a flat wheel made of glass or sulfur and the wheel was rotated, either with pedals or with a crank. Electricity resulted, if weakly. In 1729 a London pensioner named Stephen Gray managed to transmit electricity along 765 feet of thread, and he may have been the first to use copper as a conductor — that is, a substance that would convey electricity from one place to another. There, however, matters more or less rested until 1746, when a professor of physics in Leyden, Holland, named Pieter van Musschenbroek stored electricity in a foil-wrapped jar of water. His device became known as the Leyden jar, although some scholars claim that van Musschenbroek shares the honor of its invention with his friend Andreas Cunaeus and with the German physicist Ewald Jürgen von Kleist. It worked in this way: A glass jar was filled with water and corked. Through a hole in the cork ran a wire. To the wire was attached a von Guericke friction generator, which was then activated, charging the water with electricity, which could then be used for experimental purposes, such as identifying the substances that would convey electricity. The Leyden jar was the world’s first battery, although today we would call it a capacitor, a device that will store electricity but only for a short while, the way a leaky jug stores water. There was a small amount of electricity in there, at least for a while, and you could get to it. No one knew how the trick was done.

    Van Musschenbroek proved to himself that he had succeeded in storing electricity when he touched the wire and the outside of the jar at the same time and produced a shock that convinced him “it was all up with me.” For years thereafter, French kings amused themselves by using the Leyden jar, improved with layers of metal foil lining the inside and outside of the bottle, to shock long lines of pg=>hand-holding clergymen, courtiers, and guardsmen, all of whom gratifyingly leapt into the air at the same time.

    As the eighteenth century dawned, the last phase of the ten-thousand-year-old Neolithic Revolution was entering its final phase, at least until fertilizers produced by the new science of chemistry and the agricultural machinery built by the Industrial Revolution improved the landscape again. The Neolithic Revolution had begun with the invention of agriculture, and improvement was, of course, in the eye of the beholder, which was identical with the eye of the man whose ox was gored. Agricultural laborers, whose livelihoods depended largely on work during haymaking and harvest, destroyed many of the new threshing machines. It was a world that had moved slowly for time out of mind, and the lot of most people was not a happy one. The Neolithic Revolution had given them cities, literacy, religion, the printing press, sailing vessels, gunpowder, and a wealth of diseases unknown to folk who hunt and gather. They were clothed, after a fashion, and the home weaving of cloth was England’s largest industry. England, indeed, had become the world’s largest trading nation, and its agriculture was the most efficient in the world, yielding four to nine bushels of wheat from an acre. The English peasantry was largely a thing of the past, and the yeoman farmer who had formed such an important part of Cromwell’s support in the Puritan Revolution was gone as well, although the yeomanry continued to thrive in the American colonies. In America the life expectancy was thirty-five years, in England it was twenty-five, and most of the population of London was drunk most of the time.

    In this era there were a few specialized places, such as Coal-brookdale in Shropshire, where an abundance of iron and coal, at least by the era’s standards, made possible a concentration of iron-working, but most regions contained the entire infrastructure of civilization, from the production of foodstuffs to the production of clothing. The same was true in the American colonies, except that certain manufactures, such as glass, were banned for the benefit of the manufacturers in the mother country. But unknown to almost everyone, in Britain and America there were Richard Arkwright, James Watt, and Benjamin Franklin, who would begin to set forward processes that would utterly — and, in historical terms, in the blink of an eye — transform their countries and their world- In 1752 the American Franklin invented the lightning rod. In 1769 the Englishman Arkwright assembled the world’s first automated spinning mill for the making of cloth, and the Scotsman Watt repaired a pump and in so doing invented the modern steam engine. The world would never be the same. To be sure, in both England and the colonies, most people worked when they had to or when they wanted to, and the minuscule upper classes (which didn’t work at all, except in the law courts, Parliament and the colonial legislatures, the bureaucracy, and the universities) believed the countryside was sunk in idleness and sloth. There was some indication that this was so. For example, there was a widespread practice called “Saint Monday,” where Monday as well as Saturday and Sunday was a holiday to enable the men to recover from their hangovers or keep on drinking and the women to put their homes and hovels to rights. In some places, there was also a Saint Tuesday,

    The economy expanded at a rate somewhere between three-tenths and four-tenths of a percentage point a year, roughly as much as a modern economy expands in a good month. And, in a country with miserable roads, where foodstuffs or anything else could not move around easily, if at all, local conditions dominated the lives of the populace, Hampshire could be thriving while Yorkshire writhed in the toils of famine. News took days or weeks to arrive, and news from America could take months. The sources of power were three: wind, which drove ships and gristmills; water, which also drove gristmills; and the muscles of man and domesticated beasts. It had always been that way, and although the new liberated science might dream of discovering the secrets of nature while enlightened philosophy pondered the perfectibility of man, to the common man the world always would be that way. And on January 17, 1706, in the colonial city of Boston, it was into this world that Benjamin Franklin was born.

  


  CHAPTER ONE

  FRANKLIN, THE ADROIT OLD ADVENTURER

  Let the experiment begin.

  — Benjamin Franklin

  In something resembling a state of pique, Benjamin Franklin, that most well regulated to go fly a kite.

  Although the event has become deeply embedded in American folklore, opinion is still divided on whether this, his most famous experiment, actually took place. His own description of the 1752 event in the Autobiography is uncharacteristically vague, an unusual lapse for one of the clearest stylists and sharpest observers in the English language. The full account remained unwritten for fifteen years after the experiment itself, until in 1767 the English chemist and religious philosopher Joseph Priestley published The History and Present State of Electricity, a two-volume work heavily influenced by Franklin (some believe he wrote all or most of it, because Priestley was a chemist) that remained the definitive study of the subject for the balance of the eighteenth century. But to doubt the existence of the experiment is to quibble in the manner of the early twenty-first century. The event took place on a day in June, in a field outside Philadelphia that was equipped with a shed, and it happened as it did because Franklin was angry.

  The tale of the actual kite itself begins in 1750, when Franklin wrote the latest in a series of scientific letters to Peter Collinson, a prosperous London mercer, knowing that Collinson would, as he had always done in the past, pass the correspondence on to his colleagues in the Royal Society for comment and discussion. Franklin had not been to London since 1726, when as a young man he had been stranded there in a doomed attempt to buy the presses and type that he needed to set himself up in the printing trade back home in Pennsylvania. Collinson was an amateur naturalist of some note, who had exploded the popular notion that swallows hibernate in streambeds, and his connection with Franklin was fourfold. He was the London agent of the Library Company of Philadelphia, an organization Franklin had founded to establish the first public library in America. In the course of their library correspondence, Collinson had rekindled Franklin’s interest in electricity — some time before, Franklin had bought some apparatus from a traveling electrical showman but had set it aside — by sending him one of the glass rods that, when rubbed, produced sparks and other electrical phenomena in the current London parlor craze for toying with electricity. Because of his scientific bent, Collinson was well informed of new developments in England and on the Continent, and once Franklin began his own series of groundbreaking experiments, he relied on Collinson for word that he was not needlessly duplicating work that had already been done. And because Collinson, a gentleman amateur, was a member of the Royal Society, he was Franklin’s conduit to the admired world of European science. Although Franklin had told Collinson to keep the contents of his first electrical letter to himself, Collinson had ignored Franklin’s instructions and passed it on. Now, passing on the letters describing his electrical experiments was routine. The subject of the latest, in 1750, was lightning.

  As always when he was writing on complex matters, Franklin’s text was extremely spare and simple — so simple, in fact, that from the perspective of a later century possessing vastly superior knowledge, to some it might appear comically simple-minded. It was not. Franklin was proposing to go where no one had ventured in the four thousand years of humankind’s recorded history. First, he established his premise: that there were obvious similarities between lightning and the phenomenon he called, following the scientific practice of the time, “the electric fluid,” although he soon realized that it was not, in fact, a fluid, despite the fact that it sometimes seemed to behave like one. But he never discovered what it was. In any event, the similarities he listed between lightning and electricity were:

  
    1. Giving light. 2. Colour of the light. 3. Crooked direction. 4- Swift motion. 5. Being conducted by metals. 6. Crack or noise in exploding. 7. Subsisting in water or ice. 8. Rending bodies it passes through. 9. Destroying animals. 10. Melting metals. 11. Firing inflammable substances. 12. Sulphureous smell.1

  

  This was a series of simple observations of real-world events, and perhaps he was not the first to notice them. Isaac Newton, among others, had surmised that lightning and electricity were one and the same. Franklin was the first, however, to take the next step. “Let the experiment begin” he wrote in the 1750 letter. “On the Top of some high Tower or Steeple place a Kind of Sentry Box big enough to contain a Man and electrical Stand.” An electrical stand, Franklin’s own invention, was an insulating layer of glass or paraffin, the wax commonly used to seal the neck of a jar when preserving food, on which the experimenter stood. Glass or paraffin, he had discovered, did not conduct electricity; neither did silk. He continued:

  
    From the Middle of the Stand let an Iron Rod rise, and pass bending out the Door, and then upright 20 or 30 feet, pointed very sharp at the End. If the Electrical Stand be kept clean and dry, a Man standing on it when such Clouds are passing low, might be electrified and afford Sparks, the Rod drawing Fire to him from the Cloud. If any Danger to the Man should be apprehended (tho’ I think there would be none) let him stand on the Floor of his Box, and now and then bring near to the Rod, the Loop of a Wire, that has one end fastened to the Leads; he holding it by a Wax-Handle. So the Sparks, if the Rod is electrified, will strike from the Rod to the Wire and not affect him.2

  

  It was a long way of saying something very simple: To prevent the lightning from blasting him to his reward, the experimenter would stand on a nonconductive substance while a roof over his head kept off the rain. Lightning would strike the bent metal rod, and Franklin would touch the rod with an insulated device that would have looked to his contemporaries like a rabbit snare. If the task was accomplished, he believed, he would sample the lightning and live. Probably. No one had ever conducted such an experiment, and Franklin had no idea of the gigantic risk he would be running. He could have been electrocuted, and the fact that he never was during his fifteen years of experimentation was a matter of simple luck. He was never hit with a large enough charge to kill him.

  Franklin sent his letter to Collinson and awaited the reply. He knew the members of the Royal Society invariably perused his electrical letters with great interest and enthusiasm. But from London came only silence. At a remove of two and a half centuries it is impossible to determine the cause, and it was not very clear at the time. For whatever reason, Franklin’s report of the “thunder gust” (from certain of the letter’s language) and “sameness of lightning with electricity” (words derived from Franklin’s list) seemed to have fallen through the cracks. In a lifetime of careful self-discipline, Franklin had learned to maintain a placid exterior — a quality that infuriated his enemies — but close observers had seen the man go white with anger, and something of the sort happened now. He concluded that he had been “laught at by the Connoisseurs.” But Franklin was a notoriously patient man, another of his infuriating traits. And so, confronted with London’s silence, he waited quietly in Philadelphia for the artisans to complete the steeple on Christ Church. Indeed, he contributed to the building fund, and he designed a lottery to raise more money and finish the job. When the steeple was done, he would build his sentry box somewhere on it. Then he would perform the experiment.

  Meanwhile, Franklin’s electrical letters, including the thunder-gust letter, had been published in England in 1751, and a bad translation reached France, where the scientist Thomas François d’Alibard was intrigued by the “sentry box” experiment. Franklin, an ocean away, had no inkling that anything was happening.

  In May 1752 d’Alibard set to work in the Paris suburb of Marly. He did away with the steeple-or-tower arrangement and at ground level erected a forty-foot iron mast tipped with brass. Instead of an electrical stand of paraffin, he erected the rod on a slab of wood with three wine bottles for legs. Then, at the crucial moment, he found himself engaged elsewhere, leaving a former dragoon named Coiffer or Coiffier in charge of the apparatus.

  At twenty minutes past two on the afternoon of May 10, a clap of thunder sounded, followed by hail. Coiffer tested the mast with an “electric phial” (whatever that was), drew off sparks, and quickly sent a nearby child to fetch the local prior. Hearing the news, the prior began to run through the falling hail. The villagers ran after the prior, convinced that the brave cavalryman had met his maker. It was, all in all, quite a procession that soon found the cavalryman in fine shape. The prior must have been Franklin’s equal in self-possession. With his own hand, the prior drew off the electric fire — apparently he used something to produce a spark — and emerged from the experience unscathed. In other words, he too produced some sparks. Then he quickly scribbled a report and sent it to d’Alibard, who reported complete success to the Royal Academy of Science three days later. All France resounded with praise for Franklin, the man who designed the experiment that drew the fire down from heaven.

  In 1752 in Philadelphia, unaware of the French experiment, Franklin was out of patience. More than twenty-four months had passed since the thunder-gust letter, there was still no steeple on Christ Church, the supposed snub from his British colleagues still rankled, and it was time to take matters in hand with an even more elegant, even better designed experiment than the one he had originally planned, A kite, he decided, would give him “better access to the regions of thunder than by any spire whatever,”

  According to Priestley, Franklin feared ridicule if he failed, so it would not be a public demonstration. But he planned carefully. For the kite itself, he would use silk, because it was “better able to bear the wind of a thunder-gust without tearing,” From the top of the kite protruded a foot-long, sharply pointed wire that resembled an aerial. It was a flying lightning rod. The wire, Franklin reasoned, would attract the electricity in the cloud cover, either in the form of lightning or as a current passing from drop to drop of water. Then he made his ground connection, “To the end of the twine [that tethers the kite to the ground],” he wrote afterward, “next the hand [of the kite flier], is to be fastened a silk ribbon [for insulation], and where the silk and twine join, a key may be fastened,”3 The metal key was his electricity detector. He would touch it with something and produce a spark.

  In June, just a month after d’Alibard had made Franklin the unwitting toast of the ancien régime in France, the weather in Philadelphia looked promising for the purposes of electrical phenomena. It was overcast, threatened rain, and hinted at thunder — and thunder usually meant lightning. With his illegitimate son Billy — a young man of twenty-one and not the stripling depicted in the historical prints — Franklin repaired to a distant field with a convenient shed, whereupon everything seemed to go wrong. The kite was sent aloft, but nothing happened. Then Franklin noticed something. The loose threads of the twine were standing erect and away from each other. Franklin’s experiments had taught him that this meant the twine was electrified, although he wouldn’t have used the word because the word wasn’t invented; Franklin would have said “electrised,” He approached the key with his knuckle, A spark leapt across the air between key and knuckle. He had brought a Leyden jar with him. Quickly he attached it to the kite string and, Priestley wrote in his history of electricity, “he collected electric fire very copiously/’ And took it home-Through his usual channel, Franklin reported the experiment to the Royal Society. Collinson’s reply assured him that there had been no snub and that any rift, had there been one, was now a thing of the past. In England, still in that same memorable year of 1752, Franklin’s friend John Canton successfully performed the sentry-box-and-steeple experiment. In Russia, however, a Swedish scientist named Georg Wilhelm Richmann failed to read Franklin’s instructions quite so carefully and became the first fatality of the electrical age when he was struck by what appears to have been ball lightning. Ball lightning is a peculiar phenomenon, a ball of lightning tethered to no cloud, and most experts claim it doesn’t exist, although many thousands of people believe they have seen it. The tsar, who had paid a great deal of money for Richmann’s services, banned all further electrical experiments.

  Yale, Harvard, and William and Mary gave Franklin honorary degrees, as later did Oxford and St. Andrews when he was resident in England as the Pennsylvania colony’s emissary to Parliament. He received the Royal Society’s Copley Medal, the highest award of the most distinguished scientific body in the world, and became a member. But although the chorus of praise was deafening, it was not universal. Without explanation King George III ordered his science advisor to declare that Franklin’s science was all wrong. When the advisor told his royal master that the laws of science could not be changed by royal whim, he was fired.

  And in France the abbé Nollet, chief royal electrician, was deeply chagrined and, it appears, slightly unhinged by Franklin’s success. Until this provincial buffoon Franklin — who, Nollet believed, might not even exist — had touched the lightning, Nollet had been the foremost electrical scientist in the world. Perhaps Franklin’s subsequent invention of the lightning rod for houses also played a role in the abbé’s discomfort. Nollet wrote patronizing essays belittling Franklin’s science and, when the imperturbable Franklin did not react with anything resembling outrage, chagrin, bluster, or shame and the scientific community did not look with favor on either Nollet or his publications, Nollet set about a public demonstration designed to prove that Franklin was dead wrong about everything. Apparently it was not a very good demonstration — few details survive — for it was unmasked as a hoax, and little more was heard from Nollet on the subject of Franklin, provincial buffoonery, and Franklin’s electrical achievements.

  The same could not be said of the rest of the clergy. Thomas Prince, the pastor of Old South Church, laid the blame for the Boston earthquake of 1755 directly at the feet of Franklin’s heretical new lightning rods, which he had invented as a result of the thunder-gust experiment. The metal rods, placed on the tops of houses and other buildings, attracted lightning strikes and conveyed the electricity harmlessly into the ground: a structure with a rod was no longer struck by lightning. In the Reverend Mr. Prince’s view, Franklin had interfered with the heavenly order, and God had gone into a big snit. “In Boston,” thundered the divine, “more [lightning rods] are erected than anywhere else in New England, and Boston seems to be more dreadfully shaken. Oh! There is no getting out of the mighty hand of God.”4

  European churchmen saw the matter somewhat differently. For many centuries, the European church — both Catholic and Protestant — had known perfectly well what caused lightning. Demons did it, a view that enjoyed the endorsement of both Thomas Aquinas and Martin Luther. The solution was to ring church bells. The demon theory, unfortunately, revealed a singular disconnection between received wisdom and observable fact: in Germany, for example, within the span of thirty-three years, some four hundred church towers were damaged by lightning and 120 bell ringers were electrocuted, crushed by debris, blown to atoms, or otherwise sent to their maker. Nonetheless, churchly feelings ran high against the installation of Franklin’s lightning rods. In France, Switzerland, and Italy, the pious caused lightning rods to be removed from structures where the enlightened had erected them. This state of affairs persisted until at least 1767, when the Republic of Venice stored a large quantity of gunpowder in the Church of San Nazzaro in Brescia- The rodless church was struck by lightning, the gunpowder went off, one-third of the city was leveled, and three thousand lives were lost, after which little more was heard about the impiety of Mr. Franklin’s invention. Still, the old ways died hard. In 1784 a celebrated French legal case was finally settled in favor of a lightning-rod-owning nobleman, whose attorney argued the case for the rod so persuasively, with such a mastery of the principles of science and such enlightened clarity of thought, that the young man’s reputation was made. His name was Robespierre.

  * * *

  By his own account, Franklin’s active interest in electricity began in 1743, when he was on a visit to his old home in Boston. There he caught the act of Dr. Archibald Spencer, a traveling lecturer who gave a course, at six pounds a pupil, on the subject of Experimental Philosophy. Among the doctor’s bag of tricks was a glass tube that attracted gold leaf — beaten gold sheets the thinness of paper — and brass when rubbed, and a somewhat shopworn demonstration where he suspended a real live boy from silken cords, rubbed the lad’s bare feet with one of the electricity-producing glass rods, and drew off electric fire from his face and hands in the usual form of sparks. Soon, perhaps at Franklin’s invitation, Spencer was in Philadelphia, where he set up shop in Franklin’s post office. This post office was the nerve center of the royal mail network that Franklin, as deputy postmaster general of the colonies, had improved and made to turn a profit. It was his proudest achievement. Franklin was intrigued but not overly impressed by the man or his abilities. The doctor’s demonstrations, he wrote, “were imperfectly perform’d, as he was not very expert; but being on a Subject quite new to me, they equally surprised and pleas’d me.” Before the doctor departed and shuffled off the pages of history and into his other occupations as Anglican priest and male midwife, Franklin purchased his equipment. And set it aside. Then in 1747, as we’ve seen, Peter Collinson sent the Library Company a glass rod as a scientific curiosity — the Company collected them — and Franklin’s interest was immediately rekindled, to the point that electricity began to consume all his spare time and caused him to execute his planned early retirement from the printing business. He sold half of it to his talented foreman and became a silent partner. For the next ten years, the study of electricity was his business.

  At first his new activities seemed little more than an American version of the contemporary craze for electricity among Europe’s science-besotted chattering classes. Franklin attempted the suspended-boy experiment. He also attempted to electrocute a turkey, with unfortunate results when he shocked himself in the process. Reporting “a crack as loud as a pistol shot,” he wrote that “I felt I know not well how to describe, a universal blow throughout my whole body from head to foot, which seemed within as well as without; after which the first thing I took notice of was a violent quick shaking of my body, which gradually remitting, my senses as gradually returned.”5 The turkey survived. Franklin had missed his mark and hit himself, and apparently he didn’t have the heart to continue, but he had discovered that turkeys, unlike chickens, were hard to kill. He had to hit them with a real big jolt. And, inadvertently, he had just discovered that people were even harder to kill than turkeys. Undaunted, he wrote to Collinson in London and requested more electrical devices; Collinson sent him another glass rod, about three feet long and three inches thick. Franklin also began to build devices out of household implements. In one experiment he directed:

  
    Place an Iron Shot of three or four Inches Diameter on the Mouth of a clean dry Glass Bottle. By a fine silken Thread from the Ceiling, right over the Mouth of the Bottle, suspend a small Cork Ball, about the Bigness of a Marble; the Thread of such a Length, as that the Cork Ball may rest against the Side of the Shot. Electrify the Shot, and the Ball will be repelled to the Distance of 4 to 5 Inches, more or less according to the Quantity of Electricity.6

  

  Franklin had demonstrated the mutual repulsion of positive and negative poles of electricity — that is, a positive pole repels a positive and a negative repels a negative — a repulsion that, like its cousin magnetism, occurred invisibly unless a scientist, called in those days a natural philosopher, could make it visible, as Franklin did. Today, it is an experiment performed by children. Then, it was cutting-edge science.

  In an age that revered the “new science” of William Gilbert and Francis Bacon while still having a profound interest in magic, and whose greatest scientist, Isaac Newton, was secretly an alchemist, electricity, especially the lightning rod, was the making of Benjamin Franklin. Without it, he would probably have been ranked among the nation’s founding fathers as somewhere above Gouverneur Morris and C. C. Pinckney and somewhere below Thomas Jefferson, James Madison, and George Washington, a boon to minor biographers and generations of paper-writing graduate students but a man unknown to the general public.

  All his working life, except at the beginning of it when he worked in his father’s Boston tallow works, he was a printer, and he called himself a printer to the end of his days. It was not quite the job it is now. For one thing, it involved muscle, and well into middle age Franklin was an unusually strong man. For another, it involved as a matter of course certain editorial functions, as the printer improved the client’s prose and thinking. Franklin also published and wrote for the most influential newspaper in Pennsylvania. He annually published Poor Richard’s Almanac, an astrological catalog, one among many that purported to foretell the future while treating their readers to bits of homespun philosophy — “Little strokes fell great oaks” — that both reflected and shaped the intense practicality that was becoming an American national characteristic. He published, and perhaps drew, the first American political cartoon- He possessed, arguably, the first modern sense of humor, deadpan, dry, and based on exaggeration, and in the Autobiography he wrote what some have called the first American book, a tale narrated in a distinctly American voice that was interested in the way things worked and how much they cost. He organized the first American public library, the first volunteer fire department in Philadelphia, and he founded the academy that later became the University of Pennsylvania. When he was the colonial deputy postmaster general, he shared the title with a colleague, a Virginian, but Franklin did most of the work. He was a member of the colonial legislature, a colonel and briefly commander-in-chief of the colonial militia, and the first governor — then called president — of independent Pennsylvania after the Revolution. He attended the Continental Congress in 1776 in Philadelphia, where he edited Thomas Jefferson’s Declaration of Independence, including the crucial and deathless opening sentence. He was American minister to France during the Revolution, and he raised the money that won that Revolution.

  In Europe, he made certain august persons nervous. The king of France put his likeness on the bottom of a chamber pot. To his face, the Holy Roman emperor Joseph II confessed that Franklin made him uneasy because, the emperor wittily remarked, “I am by trade a king.” He attended the Constitutional Convention in 1787 and made valuable contributions, including the convention’s punch line when a matron asked him what he and his fellow commissioners had given the country: “A republic,” he said, “if you can keep it.” He invented and played a once-popular musical instrument called the glass harmonica, whose ethereal tones resembled those of the much later theremin. Mozart and Beethoven composed for it. He invented the Franklin stove and bifocal lenses but, as with the lightning rod, did not patent them although both England and America had patent laws, because a philosopher’s inventions were to be freely given to mankind. He was the first to map the Gulf Stream.

  But it was electricity that admitted him to the pantheon of the great. Because of electricity, he became the most famous person in America, Because of electricity, he was for a time the most famous subject of King George III, until the Declaration of independence in 1776 made him a subject of no king at all In the eyes of many, he came to embody American democracy, and some believed that he was the author of it, although for most of his life, until the storm clouds of the Revolution began to gather, he was an enthusiastic British Empire loyalist. He did not, of course, write the Constitution, but people thought he did. Because of electricity and his disciplined, agreeable personality, he became, perhaps, the most popular person in the world. But in the end and in his view, electricity failed him, and he abandoned it.

  His research had everything to do with the Scientific Revolution of the seventeenth century, and it had nothing to do with it. The Scientific Revolution had given the world the telescope, the thermometer, and the microscope. William Harvey had discovered the circulation of blood. Newton invented the mathematical discipline called calculus, founded the science of optics, and pondered gravity in a way no one else had ever done. No longer were the events of the natural world ascribed to superstitious wonders and the hand of God. The new science, following the queen’s physician William Gilbert, also did not seek its knowledge in the writings of the ancients, and it did not think that everything was known. Instead, it relied on hands-on experiments, like the one Franklin made with the kite. Through experiments, the scientist could examine a thing, discover what it was, and investigate how it worked. Through experimental science, the causes of events like the weather caused by Franklin’s Gulf Stream became knowable, they could be described, and they could be tamed for useful purposes. Indeed, taming them for useful purposes was the entire job of the science described by Francis Bacon. Through experimental science, the world could be controlled. This was Franklin’s intent as well. With the new experimental discipline of the Scientific Revolution, electricity could be explored and understood, at least up to a point. Then perhaps it could be harnessed. But the new Scientific Revolution, except its emphasis on experimentation, was of absolutely no use to Franklin as he went forward. Almost nobody in the world knew more about electricity than what William Gilbert had done, and most people didn’t even know that; the magnetic nature of the earth was not exactly common knowledge. A handful of people had begun to study it and its sister force, electricity, as Newton had, but electricity gave up its secrets slowly. As Franklin discovered, in the study of electricity there was a level playing field where anyone with intelligence, skill, and the proper instruments could make major discoveries. Once he had done the necessary reading, he was as deeply steeped in the electrical arts (as the science of electricity came to be called) as anyone on earth. In the popular mind, such as it was, electricity was a tool in the conjurer’s bag of party tricks. As Franklin drove forward, using the new scientific method that he had mastered in the middle of his life, he began to make discoveries, and he was the first to make them.

  As he progressed in his research during the late 1740s and the 1750s, Franklin not only reported his findings to his peers and invited them to duplicate them, as any modern scientist would, but he also took care to identify his assistants. They were: Philip Syng, a silversmith who, with Yankee ingenuity, invented a lathelike machine that dispensed with the tedious hand rubbing of the leather (in Franklin’s case, buckskin) on the glass rods, which was the only known way to electrify them; Thomas Hopkinson, who went on to do original electrical work of his own; and Ebenezer Kinnersley, a Baptist minister who also did original work on electricity and became a talented lecturer on the subject. Together, Franklin and his team reached a point where, building on the results of past experiments, the results of a new experiment could be predicted — a sign that genuine science was being done.

  Franklin reported to Collinson in 1747 that electricity was “a common Element” — that is, a single phenomenon — and not, as had previously been believed, two separate but similar forms of fluid: a resinous form, residing in amber, and a vitreous form, resident in glass. Franklin arrived at this assessment by rejecting the conventional wisdom, keeping an open mind, and drawing a conclusion from what he actually saw. And he discovered more. When electricity was passed from one body to another, Franklin found, it was not destroyed. The electricity was not missing; rather, it had a different polarity, a characteristic still imperfectly understood. Thus Franklin, in his very first electrical letter to Collinson in 1747: “We say B (and other Bodies alike circumstanced) are electrised positively; A negatively: Or rather B is electrised plus and A minus. And we daily in our Experiments electrise Bodies plus or minus as we think proper.”7 Franklin was the first to adorn the electrical poles with their now-commonplace symbols, and the language he chose is the language we use today.

  And here, in this new language and still in the first letter in 1747, Franklin moved on to postulate one of the central laws of physics, the conservation of electrical charge, which means that electricity does not vanish as it moves from pole to pole. This realization, wrote the Nobelist in physics Robert A. Millikan, was “probably the most fundamental thing ever done in the field of electricity.” Franklin also discovered the phenomenon of the induced charge, the appearance of a positive charge in a grounded conductor when a negative charge is brought near it. From this, too, many discoveries would flow, although not directly from Franklin’s hand. The more brilliant his discoveries and innovations became, the thinner his patience grew.

  Franklin, who had reached a point where he could predict the probable results of his next experiment, was far from flying blind, but he had gotten to a place where he had no words to describe what he was doing. “I feel a Want of Terms here,” he wrote Collinson, “and doubt much, whether I shall be able to make this intelligible.” He did his best; it is to Franklin that we owe the words battery, brush, condenser, charge, discharge, and conductor.

  Feeling his way while inventing a new vocabulary, he finally began to get ahead of himself. On July 29, 1750, Franklin dispatched to Collinson a summary titled Opinions and Conjectures, concerning the Properties and Effects of the Electrical Matter, Arising from Experiments and Observations, Made at Philadelphia, 1749. In it, drawing on his discoveries, he made ten points that caused Robert Millikan to later declare him the discoverer of the electron, the atomic particle not identified until 1897.

  By 1750 Franklin was almost done with electricity; only the kite experiment and the lightning rod remained in his future, and then he was more or less finished with it. He journeyed to London as Pennsylvania’s agent — lobbyist, really — in the mother country, carting his electrical apparatus with him, including something called the Philadelphia Machine that generated a spark nine inches long, something never before seen in London. With brief interruptions in 1762 and 1763, when he returned to Philadelphia, he stayed in London for more than twenty years. Then home beckoned again, the Revolution followed, and Benjamin Franklin, deceptively amiable and iron of will, a man who had thought of himself as an Englishman for most of his long life, became one of the founders of a new country. He made no more electrical discoveries. It is tempting to say that he was distracted by events, but this does not tell the whole story. Even in old age, Franklin was a man of prodigious energy; the most casual look at his career reveals that he was entirely capable of doing more than one thing — and doing them well — at the same time. The truth was, electricity had disappointed him.

  He was, after all, the founder of the American Philosophical Society for Useful Knowledge — an organization identified by the last three words as a very American organization indeed — an organization dedicated to the principles of the Scientific Revolution. Francis Bacon, in describing the new science for which he was the spokesman, had stressed that its goal was to discover things — useful knowledge, but also useful objects — that would benefit the human race. Franklin was a great believer in this. But his long years in London taught him that Americans were becoming very different from their British forebears. Americans lived longer than the inhabitants of the mother country. They were, especially in the colonies inhabited by the dissenting Protestants, Quakers, Puritans, and Presbyterians, all of whom required their members to seek their salvations by reading their Bibles, vastly more literate- Unlike the English, most of them owned their own land. And Americans, much more than the English, were a deeply practical people, enamored of results and disdainful of theory. “The combination of a theory which may satisfy the learned,” Thomas Jefferson later wrote, “with a practice intelligible to the most unlettered laborer, will be acceptable to the two most useful classes of society.”8 But in a land with few theorists and many unlettered laborers, the natural bias of education was in the direction of practice — the “useful arts,” in a phrase coined by Jacob Bigelow, professor oîmateria medica and first Rumford Professor “of the application of science to the art of living” at Harvard College.

  To Franklin, that which was not useful was vile, and electricity was not proving to be useful. The lightning rod was a passive device for drawing off a charge, but it was the great and sole exception. One modern observer would write: “Bacon and Descartes predicted that any basic scientific knowledge would lead to practical innovations of use to people everywhere, [but] by 1787 there had been only one spectacular example of disinterested or basic research that had led to an important invention. I refer here to the lightning rod.”9

  The inventor-mechanic had a singular advantage. The world of the Anglo-American inventor-scientist was a remarkably small one, and it was highly accessible because so little was known that no one had much of an edge. New information from whatever source was prized. And there weren’t many people who could understand what Franklin was up to. Given the constraints of travel, it took some time for his electrical papers to circulate, but within a couple of years his findings were in the hands of the few people who could fathom what he was trying to do — and carry his work to the next level. The small world of science also meant that word of a new discovery eventually reached those who knew how to shape it into forms that were very new and sometimes strange. It was an information society that Franklin had entered with electricity, a place where people passed knowledge to each other — a seemingly modern phenomenon that is actually very old. This was a gigantic breakthrough. For millennia, nobody had ever been able to figure out what to do with electricity.

  But as breakthroughs went, it was not Franklin who made it, at least in his own eyes. In Franklin’s view, while the lightning rod did something, it made nothing — and Franklin, the practical American disciple of Francis Bacon’s useful science, was a man who badly wanted to make things. Electricity utterly baffled him. Indeed, the more he learned about it, the more the nature of electricity floored him. He was doing pure science, discovering the laws, principles, and nature of electricity, and pure science could not sustain Franklin’s interest for long; he wanted to discover the utility of electricity, and it eluded him. “If there is no other Use discovered of Electricity,” he wrote in one of his letters to Collinson, “this, however, is some thing considerable, that it may help to make a vain man humble”

  He tried to pass it off lightly.

  “Chagrinned a little that we have hitherto been able to discover nothing in this way of use to mankind,” he wrote Collinson, “and the hot weather coming on, when electrical experiments are not so agreeable, ‘tis proposed to put an end to them for this season somewhat humorously in a party of pleasure on the banks of the Schuylkill (where spirits are at the same time to be fired by a spark sent from side to side through the river). A turkey is to be killed for our dinner by the electrical shock, and roasted by the electrical jack, before a fire kindled by the electrified bottle, when the healths of all the famous electricians in England, France, and Germany are to be drank in electrified bumpers under the discharge of guns from the electrical battery. An electrified bumper,” he added, “is a small thin glass tumbler, near filled with water and electrified. This when brought to the lips gives a shock, if the party be close shaved and does not breathe on the liquor.”10 But the revelry could not disguise his chagrin. Try as he would, he couldn’t make electricity do anything but kill birds and perform party tricks.

  Moreover, he’d reached a dead end even in the pure science of laws, principles, and nature. Although he would continue his experiments until he left London for Philadelphia in 1775, Franklin had discovered virtually everything an extraordinary man, using the tools of his time, could learn about electricity. Although he’d devised a lead-foil battery that promised great things if properly modified and developed, he didn’t seem to realize its possibilities. Fifty years before anyone else, he’d built a primitive electric motor: a wheel that he turned with electricity. But he lacked a reliable, long-lasting power source that might have taken him to the next level, and his legendary patience was at an end. And so the experiments ceased. He never appreciated the importance of what he had done.

  If it is possible to fix a date for the beginning of the Industrial Revolution, it is probably 1769, the year Richard Arkwright built his first cotton-spinning mill and James Watt repaired a coal-fired pump by fitting it with a condenser and thus invented the modern steam engine. But Franklin discovered the first and most basic law of electricity in 1747 and reached his scientific apogee in 1752 with the lightning rod, thus laying the foundations of the Electric Revolution. In the numbers game, then, the Electric Revolution wins the race with its industrial counterpart, thanks to Franklin, because the Electric Revolution began almost twenty years earlier. But it is a game, and the important thing is what happened next. Arkwright’s mill was immediately copied, and Lancashire became the cotton cloth manufacturing center of the entire world. Watt and his partner, the Birmingham manufacturer Matthew Boulton, had their steam engine works up and running by 1775. But it took until the 1830s, almost sixty years, before the Electric Revolution bore its first practical fruits. They were two. In the interval, the electrical scene shifted from America to Europe. It involved a lab accident, two Italian professors, both of Charles Darwin’s grandfathers, an American renegade, and a former apothecary’s apprentice. Only then was the world of electricity ready to move on.


  CHAPTER TWO

  ERASMUS DARWIN, HUMPHRY DAVY, AND THE SCIENCE OF THEIR TIMES

  In America, Franklin had no real successor after dying at a good age in 1790. The electrical scene moved to Europe, where, using electricity, the Englishman Humphry Davy redefined the science of his time. And to understand what that science was, we must take a step several decades back and direct our gaze to the figure of a corpulent libertine who played the trombone to his flowers.

  The corpulent libertine was Dr. Erasmus Darwin, grandfather of the great naturalist and principal physician in the beautiful cathedral city of Lichfield, Staffordshire, a man so eminent he turned down the king’s request to become his personal doctor and got away with it. Dr. Darwin was intimately familiar with most of the science of the late eighteenth century, and he knew where to find the rest of it. Once a month in Lichfield, or in nearby Birmingham on the night of the Monday nearest the full moon, he sat down, broke bread, and hoisted tankards with the founders of the Industrial Revolution and the greatest British chemist of his time. They called themselves the Lunar Society. Success has many fathers, but it appears that Dr. Darwin founded the club, gave it its name, and called its members lunatics. As the eighteenth century waned, the subject of their talk was not electricity. It was James Watt’s steam and Joseph Priestley’s unphlogistated air — the colorless, odorless, invisible gas Priestley had codiscovered, later given the name of oxygen. Electricity, unless Benjamin Franklin was in town, was something of an afterthought.

  In number the members of the Lunar Society were fourteen, though some say thirteen. Many Americans will recognize four: the chemist Priestley himself, who was also the popularizer of Franklin’s electrical discoveries and a theologian of such extreme views that even the Unitarians considered him radical; Josiah Wedgwood of crockery fame, who was Charles Darwin’s other grandfather and who built the world’s first steam-powered factory at Dr. Darwin’s urging but may have lived too far away to qualify for full membership; James Watt, the neurotic former instrument maker who repaired a model of a steam-powered pump and inadvertently invented the steam engine; and Matthew Boulton, the Birmingham toy maker — he was also a silversmith, coiner, and manufacturer of shoe buckles and swords — who built Watt’s engines and lived in the first house in England since the Romans left to be equipped with central heating. Benjamin Franklin was not a member, although he sometimes traveled and attended meetings, corresponded with the members in his absence, and had planned to retire in England before events intervened.

  Central to the proceedings was, of course, Dr. Darwin, by all accounts a most clubbable man. He raised three families with two wives and a mistress, was a gourmand of such determination that he had a semicircle cut from his dining-room table so he could get closer to his food, and anticipated his grandson’s theory of evolution, abandoning his studies in that line because, as a doctor, he had to think of his reputation. He invented the steering wheel, discovered photosynthesis, wrote immensely popular and utterly dreadful poetry, dashed about the countryside in a carriage especially designed not to tip when driven at high speed, and was forever pestering Boulton to build him a car powered by steam. In all these things, he represented the last flowering of an age that was now passing under the onslaught of the new science and the twin revolutions of electricity and steam.

  In spirit and accomplishment Erasmus Darwin was similar to Thomas Jefferson, an immensely talented dilettante of the gentlemanly school: Dr. Darwin could boast of some very pretty, even distinguished accomplishments, but — and here he was unlike Jefferson — he was never pressed by events to rise above himself. Darwin was a deeply likeable man, as the regard of his friends no less than the evidence of history attests, but in a later age he would have been described as a person who did not live up to his potential Although he was capable of thinking well, he did not think deeply; he was too comfortable and too pleasurably engrossed in the present to think too far ahead. To judge by the writings he left behind, doubt was a stranger to him. Moneyed, talented, ingenious, and possessed of an abiding, if selective, curiosity, Dr. Darwin was disinclined to look far beneath the surface of things. In this, he represented a science that was now passing — a slapdash science influenced but not deeply informed by Francis Bacon and too much based on anecdote rather than disciplined experiment, where you sometimes made a good guess, occasionally got lucky, and were often wrong but didn’t know it. In modern science, you still get lucky, but almost nothing else is the same. To Dr. Darwin, good company and occasional inventor that he was, science was something to discuss with his friends, a subject of his dreadful poetry, and an entertaining, interesting phenomenon whose alleged facts did not always require close scrutiny. There were many Dr. Darwins in the England of the eighteenth century’s last half. It may not go too far to say that the intervention of a remarkable rascal named Benjamin Thompson changed everything.

  He was an odd man, Benjamin Thompson, even for a time when many men seem distinctly strange to modern eyes. Born on a farm in Massachusetts, he was run out of Rumford, New Hampshire, for philandering, fought on both sides in the Revolution, and finally stuck with the British because the pay was better. He moved to London, where he rose in society until George III gave him a knighthood to get rid of him, and became the only American except Douglas MacArthur to rule as the absolute dictator of a foreign country- The country was Bavaria, where the elector — as the country’s ruler was styled, because he was one of the few people entitled to vote for a new Holy Roman emperor when the office fell vacant — gave Thompson the government, no doubt for what seemed like good reasons. Setting up shop in Munich, he proceeded to invent the drip coffee pot, thermal underwear, the thermos bottle, the kitchen stove, the roasting pan, central heating, the welfare state, the modern theory of heat, and possibly even baked Alaska. A brand of baking powder and a remarkably efficient fireplace still bear his name. The elector responded by making him a count of the Holy Roman Empire. Thompson took as his title the name of the New Hampshire town that had thrown him out; he is remembered in history as Count von Rumford. Rumford, New Hampshire, responded by changing its name to Concord.

  Returning briefly to England as Count von Rumford before finally settling in France and marrying the widow of the great and beheaded French chemist Antoine Lavoisier for her money, Thompson made his last contribution to the betterment of the human race by establishing the Royal Institution, a combination research lab and lecture hall where the disciplined, cutting-edge science of the day would be on public display and also practiced. It would be, Thompson hoped, the finest research facility in the world. One of his first hires was Humphry Davy, and he got his wish.

  Davy, who had begun his working life as an apothecary’s apprentice, had become at a very young age chief chemist of the Pneumatic Institution near Bristol, where at Dr. Darwin’s urging the patients were administered gallons of oxygen a day. The fact that the therapy didn’t work, either as advertised or at all, was obscured by a reliance on anecdotal results that were the warp, woof, and bane of the older science Dr. Darwin represented. But although the eminent doctor remained a keen fan of the therapy, Davy soon concluded that the work of the Pneumatic Institution was based on a forlorn hope. His Bristol endeavors, Davy wrote, were “the dreams of misemployed genius which the light of experiment and observation has never conducted to the truth/’ Unlike electricity, at least when Davy got around to it, oxygen therapy didn’t do anything.

  Which is not to say that the misemployed young genius didn’t have a certain amount of fun. At the Pneumatic Institution he discovered the virtues of another of Priestley’s discoveries, nitrous oxide. He named it laughing gas, became addicted to it, and nearly killed himself. He also introduced it to a friend, the poet Samuel Taylor Coleridge, who didn’t need another addiction. But Davy’s association with Coleridge is interesting for another reason. Coleridge, deeply influenced by the German philosopher Friedrich Schelling, was a titan of contemporary New Age thinking in the form of Romantic poetry. Davy, for his part, came to be known as the prototype of the Romantic scientist.

  At the Royal Institution, he became intrigued by electricity, but it was a very different form of electricity from what Franklin had known. Franklin’s electricity was lightning, or it was generated when a glass rod was rubbed with leather, or it could be stored for a short time in a Leyden jar. Now, down in northern Italy, a physicist had learned to store it for a long time. And when electricity could be stored for a long time, a scientist like Davy could fool around and try to figure out what he might do with it.

  If Franklin had no immediate successor in America, it could be said with equal justice that he had no successor anywhere in the world until 1791, eleven years after one of the most famous lab accidents in history occurred in an unlikely place, the University of Bologna in Italy, in the presence of an unlikely man, a forty-three year-old professor of anatomy named Luigi Galvani, who suddenly decided he knew what electricity was, although he took his time in publishing his findings. In the interval, he had been fooling around with some dead frogs.
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