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         The English hierarchy (if there be anything unsound in its constitution) has equal reason to tremble at an air pump, or an
               electrical machine.

         —JOSEPH PRIESTLEY


      
      
         That ideas should freely spread from one to another over the globe, for the moral and mutual instruction of man, and improvement
               of his condition, seems to have been peculiarly and benevolently designed by nature, when she made them, like fire, expansible
               over all space, without lessening their density at any point, and like the air in which we breathe, move, and have our physical
               being, incapable of confinement or exclusive appropriation.

         —THOMAS JEFFERSON
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      AUTHOR’S NOTE

      
      
      The book you are about to read is a celebration of the collaborative nature of genius, and of the creative power that comes
         from thinking across intellectual boundaries. Wherever ideas are allowed to circulate freely, wherever complex networks emerge,
         innovation tends to flourish: the boisterous intellectual hub of the London coffeehouse; the dazzling fusion of science and
         industry that was the Lunar Society; the enduring political and scientific duet between Joseph Priestley and Benjamin Franklin.

      
      But as an American writing his second consecutive book with a British protagonist, I was inevitably drawn to one crucial element
         of the history: The Invention Of Air happens to be a story about a world-changing collaboration between England and America, between one of the great figures
         of the British Enlightenment and several of the American founding fathers. The two countries have a long history of fruitful partnerships, of course, but it is rare indeed to uncover a story of such
         mutual support and inspiration that unfolds precisely during the period of the greatest hostility between the two nations,
         in the years surrounding the War of Independence. Joseph Priestley is rightly celebrated in the United Kingdom for his contributions
         to science and theology, but he deserves just as much credit for his extraordinary impact on the early years of the American
         experiment. His rich camaraderie with Franklin and Jefferson during decades of bitter conflict and war set the tone for the
         centuries of transatlantic collaboration that would follow.

      
      A few days before I started writing this book, a leading candidate for the presidency of the United States was asked on national
         television whether he believed in the theory of evolution. His shrugged off the question with an dismissive jab of humor.
         “It’s interesting that that question would even be asked of someone running for president,” he said. “I’m not planning on
         writing the curriculum for an eighth-grade science book. I’m asking for the opportunity to be president of the United States.”1

      
      
      It was a funny line, but the joke only worked in a specific intellectual context. For the statement to make sense, the speaker
         had to share one basic assumption with his audience: that “science” was some kind of specialized intellectual field, about
         which political leaders needn’t know anything to do their business. Imagine a candidate dismissing a question about his foreign
         policy experience by saying he was running for president and not writing an International Affairs textbook. The joke wouldn’t
         make sense, because we assume that foreign policy expertise is a central qualification for the Chief Executive. But science?
         That’s for the guys in lab coats.

      
      That line has stayed with me since, because the web of events at the center of this book suggest that its basic assumptions
         are fundamentally flawed. If there is an overarching moral to this story, it is that vital fields of intellectual achievement
         cannot be cordoned off from one another and relegated to the specialists, that politics can and should be usefully informed
         by the insights of science. The protagonists that are central to this story lived in a climate where ideas flowed easily between
         the realms of politics, philosophy, religion, and science. The closest thing to a hero in this book—the chemist, theologian,
         and political theorist Joseph Priestley—spent his whole career in the space that connects those different fields. But the
         other characters central to this story—Ben Franklin, John Adams, Thomas Jefferson—suggest one additional reading of the “eighth-grade
         science” remark. It was anti-intellectual, to be sure, but it was something even more incendiary in the context of a presidential
         race. It was positively un-American.

      
      In their legendary thirteen-year final correspondence, reflecting back on their collaborations and their feuds, Thomas Jefferson
         and John Adams wrote 165 letters to each other. In that corpus, Benjamin Franklin is mentioned by name five times, while George
         Washington is mentioned three times. Their mutual nemesis Alexander Hamilton warrants only two references. By contrast, Priestley,
         an Englishman who only spent the last decade of his life in the United States, is mentioned fifty-two times. That statistic
         alone gives some sense of how important Priestley was to the founders, in part because he would play a defining role in the
         rift and ultimate reconciliation between Jefferson and Adams, and in part because his distinctive worldview had an profound
         impact on both men, just as it had on Franklin three decades before. Yet today, Priestley is barely more than a footnote in
         most popular accounts of the revolutionary generation. This book is an attempt to understand how Priestley became so central
         to the great minds of this period—in the fledgling United States, but also in England and France. It is not so much a biography
         as it is the biography of one man’s ideas, the links of association and influence that connect him to epic changes in science,
         belief, and society—as well as to some of the darkest episodes of mob violence and political repression in the history of
         Britain and the United States.

      
      One of the things that makes the story of Priestley and his peers so fascinating to us now is that they were active participants
         in revolutions in multiple fields: in politics, chemistry, physics, education, and faith. And so part of my intent with this book is to grapple with the question of why these revolutions happen when they do, and why some rare individuals end
         up having a hand in many of them simultaneously. My assumption is that question cannot be answered on a single scale of experience,
         that a purely biographical approach, centered on the individual life of the Great Man and his fellow travelers, will not do
         it justice; nor will a collectivist account that explains intellectual change in terms of broad social movements. My approach,
         instead, is to cross multiple scales and disciplines—just as Priestley and his fellow travelers did in their own careers.
         So this is a history book about the Enlightenment and the American Revolution that travels from the carbon cycle of the planet
         itself, to the chemistry of gunpowder, to the emergence of the coffeehouse in European culture, to the emotional dynamics
         of two friends forced by history to betray each other. To answer the question of why some ideas change the world, you have
         to borrow tools from chemistry, social history, media theory, ecosystem science, geology. That connective sensibility runs
         against the grain of our specialized intellectual culture, but it would have been second nature to Priestley, Franklin, Jefferson,
         Adams, and their peers. Those are our roots, British and American. This book is an attempt to return to them.
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         JOSEPH PRIESTLEY
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      PROLOGUE

      
      The Vortex

      
      May 1794

      The North Atlantic
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      THE FIRST SIGN OF A WATERSPOUT FORMing is a dark stain on the surface of the sea, like a circle of black ink. Within a matter of minutes, if atmospheric conditions
         are right, a spiral of light and dark streaks begins to spin around the circle. Soon a ring of spray rises up into the air,
         water molecules propelled aloft by the accelerating winds at its periphery. And then the spout surges to life, a whirling
         line drawn from sea to sky, sustained by rotational winds that have been measured at up to 150 miles per hour.

      
      Unlike land-based tornados, waterspouts often form in fair weather: a vortex of wind, capable of destroying small vessels,
         that appears, literally, out of the blue. While it is not nearly as dangerous as a traditional tornado, the waterspout was
         long a figure of fear and wonder in mariner tales of life on the open sea. In the first century B.C., Lucretius described “a kind of column [that] lets down from the sky into the sea, around which the waters boil, stirred up by the heavy
         blast of the winds, and if any ships are caught in that tumult, they are tossed about and come into great peril.” Sailors
         would pour vinegar into the sea and pound on drums to frighten off the spirits that they imagined lurking in the spout. They
         had good reason to be mystified by these apparitions. The upward pull of the vortex is strong enough to suck fish, frogs,
         or jellyfish out of the water and carry them into the clouds, sometimes depositing them miles from their original location.
         Scientists now believe that apocryphal-sounding stories of fish and frogs raining from the sky were actually cases where waterspouts
         gulped up a menagerie of creatures straight out of the water, and then deposited them on the heads of bewildered humans when
         the spout crossed over onto land and dissipated.

      
      A waterspout sighting is a meteorological rarity, even in the tropical waters where spouts are most often seen. Ships in the
         colder waters of the North Atlantic, particularly during early spring, almost never encounter them. So it was more than a
         little surprising that, on one extraordinary day in the spring of 1794, the hundred-odd passengers en route to New York aboard
         the merchant ship Samson caught sight of four distinct waterspouts simultaneously drifting their way across the sea.

      
      Most passengers onboard the Samson would have viewed the looming spouts not as statistical anomalies but as sinister omens, if not outright threats. No doubt
         some passengers aboard the Samson ran belowdecks in fear at the first sighting, while others stared in wonder at the four spouts. But we can say with some confidence that one passenger aboard
         the Samson rushed to the deck at the first hint of a waterspout sighting, and stood transfixed, observing the spray patterns and cloud
         formations. It is easy to imagine him borrowing the captain’s telescope and peering into the vortex, estimating wind velocity,
         perhaps jotting down notes as he watched. He would have known that the lively scientific debate over spouts—started in part
         by his old friend Benjamin Franklin—revolved around whether spouts descended from clouds, as tornados do, or whether they
         propelled themselves upward from the ocean surface. The idea of witnessing four waterspouts on a North Atlantic voyage would
         not have been a sign of foreboding or an imminent threat for him. It would have been a stroke of extraordinary good luck.

      
      This was Joseph Priestley, formerly of Hackney, England, en route to his new home in America. At sixty-one years old, he was
         among the most accomplished men of his generation, rivaled only by Franklin in the diversity of his interests and influence.
         He had won the Copley Medal (the Nobel Prize of its day) for his experiments on various gases in his late thirties, and published
         close to five hundred books and pamphlets on science, politics, and religion since 1761. An ordained minister, he had helped
         found the dissenting Christian sect of Unitarianism. He counted among his closest friends the great minds of the Enlightenment
         and the early Industrial Revolution: Franklin, Richard Price, Josiah Wedgwood, Matthew Boulton, James Watt, Erasmus Darwin.

      
      But while Priestley’s luminous career had established an extensive base of admirers in the newly formed United States, he
         had booked passage on the Samson thanks to another, more dubious, honor. He had become the most hated man in all of Britain.

      
      TRANSATLANTIC VOYAGES in the late eighteenth century were perilous affairs, even when the vessel avoided the substantial risk of being “lost at
         sea.” One of the most ghastly accounts of sea travel from that period—Gottlieb Mittelberger’s Journey to Pennsylvania—described the scene onboard the ship Osgood as it made its way from Rotterdam to Philadelphia in the summer of 1750:

      
      
         But during the voyage there is on board these ships terrible misery, stench, fumes, horror, vomiting, many kinds of sea-sickness,
            fever, dysentery, headache, heat, constipation, boils, scurvy, cancer, mouth-rot, and the like.… Add to this want of provisions,
            hunger, thirst, frost, heat, dampness, anxiety, want, afflictions and lamentations, together with other trouble, as… the lice
            abound so frightfully, especially on sick people, that they can be scraped off the body.… The water which is served out on
            the ships is often very black, thick and full of worms, so that one cannot drink it without loathing, even with the greatest
            thirst.… Towards the end [of the Osgood’s voyage] we were compelled to eat the ship’s biscuit which had been spoiled long ago, though in a whole biscuit there was scarcely a piece the size of a dollar that had not been
            full of red worms and spider’s nests.


      
      It was not exactly the Queen Mary, to say the least. A nice clean shipwreck might have started to seem appealing after a few days dining on black wormwater
         and spider’s eggs. On the Samson, the drunken captain and his first mate argued so violently with each other that the water casks were neglected and caused
         much “suffering” among the steerage passengers, according to Priestley’s somewhat ambiguous account. Mary Priestley, Joseph’s
         wife, labored through three weeks of constant seasickness in the heavy seas that the Samson met upon leaving England.

      
      To embark on such a journey at the age of sixty-one took a particular mix of fearlessness and optimism. Priestley had both
         qualities in abundance. Nearly every extended description of the man eventually winds its way to some comment about his relentlessly
         sunny outlook. He was almost pathologically incapable of believing the threats that arrayed themselves against him. Here is
         Priestley giving his account of the voyage of the Samson, in a letter written to a friend upon landing in New York:

      
      
         We had many things to amuse us on the passage; as the sight of some fine mountains of ice; water-spouts, which [are] very uncommon
            in those seas; flying fishes, porpoises, whales, and sharks, of which we caught one; luminous sea-water, &c.


      
      The storm that nearly sunk the ship merits two brief sentences, amid all the amusements:

      
      
         We had very stormy weather, and one gust of wind as sudden and violent as, perhaps, was ever known. If it had not been for
            the passengers, many of the sails had been lost.


      
      Mary Priestley was less sanguine about the storm (“It was a very awful night”) and struggled to strike a similar note of enthusiasm
         in her description of the passing diversions of the voyage:

      
      
         Our voyage at times was very unpleasant, from the roughness of the weather; but as variety is charming, we had all that could
            well be experienced on board, but shipwreck and famine.


      
      It’s not hard to hear a hint of gritted teeth or gentle satire in that “variety is charming” line, as though she’s mimicking
         a discourse from her beloved “Dr. P” on the latest sighting of “luminous sea-water” or some other fascination—a speech she
         had heard a few too many times during those three weeks of seasickness.

      
      But however severe the peril that confronted them in setting sail for America, in that spring of 1794, Mary and Joseph Priestley
         had little choice but to book passage on the Samson. The open rage and violence that had rained down on them made the decision to flee inevitable. Priestley had spent weeks shuttling from safe house to safe house, as the newspapers
         and pamphleteers and cartoonists called for his head. His persecution had caused many to compare him to Socrates. (Before
         Priestley’s departure, then vice president John Adams wrote in a letter to Priestley, “Inquisitions and Despotisms are not
         alone in persecuting Philosophers. The people themselves, we see, are capable of persecuting a Priestley, as another people
         formerly persecuted a Socrates.”) In contemporary terms, Priestley had become the Salman Rushdie of Georgian England: a world-famous
         intellectual whose political and theological musings had planted a bull’seye on his back. America was the logical way out.

      
      DURING THE CALM DAYS on the second half of the Samson’s voyage, Priestley would stand at the stern of the ship and lower a thermometer attached to a rope into the sea to record
         the temperature of the water at different depths. Such exact measurements would have been impossible at the beginning of the
         century; the sealed mercury thermometer had been invented in 1714 by Daniel Gabriel Fahrenheit, who also devised a scale for
         his contraption, establishing 32 degrees as the freezing point. As is so often the case in the history of science, an increase
         in the accuracy of measurement led to a fundamental shift in the perception of the world. Marking changes in the temperature
         of ocean water enabled navigators to identify and exploit a pattern in the ocean’s currents that they had blindly stumbled across in centuries past: a river of warm water that runs from the tropics all the way up
         the coastline of North America, and then makes a sharp right turn toward Europe as it passes Cape Cod. Sailors had long tapped
         the energy of that oceanic river in their travels along the eastern seaboard, but its continued passage across the North Atlantic
         had gone largely undetected by all but the most experienced seamen.

      
      The first precise measurement of that oceanic flow came indirectly through a pattern detected in the flow of information.
         In 1769, the Customs Board in Boston made a formal complaint to the British Treasury about the speed of letters arriving from
         England. (Indeed, regular transatlantic correspondents had long noticed that letters posted from America to Europe tended
         to arrive more promptly than letters sent the other direction.) As luck would have it, the deputy postmaster general for North
         America was in London when the complaint arrived—and so the British authorities brought the issue to his attention, in the
         hope that he might have an explanation for the lag. They were lucky in another respect: the postmaster in question happened
         to be Benjamin Franklin.

      
      Franklin would ultimately turn that postal mystery into one of the great scientific breakthroughs of his career: a turning
         point in our visualization of the macro patterns formed by ocean currents. Franklin was well prepared for the task. As a twenty-year-old,
         traveling back from his first voyage to London in 1726, he had recorded notes in his journal about the strange prevalence
         of “gulph weed” in the waters of the North Atlantic. In a letter written twenty years later, he had remarked on the slower passage westward across the Atlantic,
         though at the time he supposed it was attributable to the rotation of the Earth. In a 1762 letter he alluded to the way “the
         waters mov’d away from the North American Coast towards the coasts of Spain and Africa, whence they get again into the Power
         of the Trade Winds, and continue the Circulation.” He called that flow the “gulph stream.”

      
      When the British Treasury came to him with the complaint about the unreliable mail delivery schedules, Franklin was quick
         to suspect that the “gulph stream” would prove to be the culprit. He consulted with a seasoned New England mariner, Timothy
         Folger, and together they prepared a map of the Gulf Stream’s entire path, hoping that “such Chart and directions may be of
         use to our Packets in Shortning their Voyages.” The Folger/Franklin map was the first known chart to show the full trajectory
         of the Gulf Stream across the Atlantic. But the map was based on anecdotal evidence, mostly drawn from the experience of New
         England—based whalers. And so in his voyage from England back to America in 1775, Franklin took detailed measurements of water
         temperatures along the way, and detected a wide but shallow river of warm water, often carrying those telltale weeds from
         tropical regions. “I find that it is always warmer than the sea on each side of it, and that it does not sparkle in the night,”
         he wrote. In 1785, at the ripe old age of seventy-nine, he sent a long paper that included his data and the Folger map to
         the French scientist Alphonsus le Roy. Franklin’s paper on “sundry Maritime Observations,” as he modestly called it, delivered the first empirical proof of the Gulf Stream’s existence.

      
      So as Joseph Priestley dipped his thermometer into the waters of the Atlantic, he was retracing the steps that Franklin had
         taken almost twenty years before. The sight of those four waterspouts would also have brought back fond memories of his old
         friend. In his letter to le Roy, Franklin had speculated that North Atlantic waterspouts likely arose out of the collision
         between cold air and the warm water of the Gulf Stream. There is no direct evidence in the historical record, but it is entirely
         probable that it was the waterspout sighting that sent Priestley off on his quest to measure the temperature of the sea, trying
         to marshal supporting evidence for a passing conjecture his friend had made a decade before. Franklin had been dead for nearly
         four years, but their intellectual collaboration continued, undeterred by war, distance, even death.

      
      Priestley’s retracing of Franklin’s 1775 journey went far beyond the scientific experiments they each performed en route.
         Franklin, too, had been a hunted man in his final days in London, driven from England by scandal and the first stirrings of
         war. Twenty years later, Priestley was making the same voyage, facing the same threat. While their religious beliefs differed,
         their scientific and political views were remarkably harmonious. In his intellectual sensibility, Franklin was closer to Priestley
         than he was to any of the American founding fathers. This was the bleak irony of their parallel voyages across the Atlantic: the ideal of Enlightenment science had instilled in them a set of shared political
         values, a belief that reason would ultimately triumph over fanaticism and frenzy. But now the vortex had swallowed them both.

      
      All around Priestley immense forces of energy surged: the tight spiral of the waterspout, the vast conveyer belt of the Gulf
         Stream, the liberated energy of the British coal fields that had helped send him into exile. One of Priestley’s greatest scientific
         discoveries involved the cycle of energy flowing through all life on Earth, the origin of the very air he was breathing there
         on the deck as he watched his thermometer line bob in the waters of the Atlantic. Together, all those forces converged on
         him, as the Samson struggled against the current, bearing west to the New World…
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         BENJAMIN FRANKLIN AND THE KITE
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      CHAPTER ONE

      
      The Electricians

      
      December 1765

      London

      [image: image]

      
      
       

     
      THE LONDON COFFEE HOUSE LAY IN ST. Paul’s churchyard, a crowded urban space steps from the cathedral, bustling with divinity students, booksellers, and instrument
         makers. The proximity to the divine hadn’t stopped the coffeehouse from becoming a gathering place for some of London’s most
         celebrated heretics, who may well have been drawn to the location for the sheer thrill of exploring the limits of religious
         orthodoxy within shouting distance of England’s most formidable shrine. On alternating Thursdays, a gang of freethinkers—eventually
         dubbed “The Club of Honest Whigs” by one of its founding members, Benjamin Franklin—met at the coffeehouse, embarking each
         fortnight on a long, rambling session that has no exact equivalent in modern scientific culture. (The late-night bender at
         an industry conference probably comes closest: the sharing of essential, potentially lucrative information while stimulated by the chemical cocktail of caffeine, alcohol, and
         nicotine.) Boswell visited the “Honest Whigs” on occasion, and he had this to say of the experience:

      
      
         It consists of clergymen, physicians and some other professions… (including) Mr Price who writes on morals… we have wine and
            punch upon the table. Some of us smoke a pipe, conversation goes on pretty formally, sometimes sensibly and sometimes furiously:
            At nine there is a sideboard with Welsh rabbits and apple-puffs, porter and beer.


      
      On December 19, 1765, Joseph Priestley sat down at a coffeehouse table, there in the shadow of St. Paul’s, and began a conversation
         that would transform his life. London had dazzling sights, and shops full of the latest scientific equipment, and Royal Societies
         devoted to pioneering research. But like so many young men and women since, Priestley had come to the great city with one
         driving objective: he had a book idea to pitch. That was why he found himself, for the first time, in the good company of
         the Honest Whigs.

      
      Priestley was thirty-two, an affable and freethinking minister and schoolteacher whose career to date had been somewhat stymied
         by a persistent stammer. (His first trip to London, ten years earlier, had been to spend a month with a speech therapist,
         a Mr. Angier, who promised to “cure all defects of speech” and made his clients take an oath not to reveal his technique.) Born in 1733 in a small town called Field-head, about six miles outside of Leeds, Priestley belonged
         to an extended family of religious nonconformists, at a time of intense political and theological battles between the Church
         of England and religious dissenters. Even in that unorthodox milieu, Priestley managed to push the boundaries: at nineteen,
         he was denied membership in the Independent Chapel of Heckmondwike, in Yorkshire. Exiled from the strict Calvinism of his
         family, he spent his twenties preaching to small dissenting congregations in Needham and Nantwich, offending a few parishioners
         along the way with his maverick theories on the divinity of Jesus Christ.

      
      The congregation in Nantwich numbered only sixty regular attendees, which left Priestley with plenty of spare time to start
         a small school in the town, where he instructed thirty boys six days a week. He began writing in that period, drafting short
         treatises on theological matters—the supernatural distortions of the Apostle Paul was a favorite subject—showing them to a
         few mentors and then burying them in his drawer for later revision. And while those essays would eventually find their way
         to a mass readership, his first published book was an equally radical take on a seemingly less contentious subject, The Rudiments of English Grammar, one of the first attempts to systematically map the structure of the English language with the rigor that scholars had long
         applied to Latin and Greek. (Priestley’s combination of innovative linguistics scholarship and firebrand political writing
         would chart a path followed two centuries later by Noam Chomsky.)

      
      Rudiments helped Priestley land the post of tutor at Warrington Academy, a prominent dissenting school in Yorkshire. Originally hired
         to teach languages (he was fluent in six), Priestley quickly introduced courses in modern history and politics—a cutting-edge
         curriculum in an educational regimen still devoted to conjugating the verbs of dead languages. His first year at Warrington,
         Priestley wed Mary Wilkinson in Wrexham, Wales, where Mary’s industrialist father ran the Bersham Ironworks. In his memoirs,
         Priestley would later write of his marriage: “This proved a very suitable and happy connexion, my wife being a woman of an
         excellent understanding, much improved by reading, of great fortitude and strength of mind, and of
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