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For Jay




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




AUTHOR’S NOTE

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. He shrugged off the question with a 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.”

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 a textbook on  international affairs. 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 suggests 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 of 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 figures 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 spent only 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 a 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 religion. 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 this 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 compelled 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. This book is an attempt to return to them.
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JOSEPH PRIESTLEY




Prologue

The Vortex

May 1794  
The North Atlantic

 

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 seasickness, 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’s-eye 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 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




CHAPTER ONE

The Electricians

December 1765  
London

 

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 Fieldhead, 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 temper in the higher degree affectionate and generous; feeling strongly for others, and little for herself.”

During his years at Nantwich, Priestley had developed an amateur’s passion for science. Though barely able to make ends meet, by the late 1850s he had cobbled together enough savings to buy an air pump and an “electricity machine.” Together with a well-calibrated scale, these three contraptions were at that time the state-of-the-art essentials of a scientific toolkit. (They would, each in their different ways, help support the great tower of scientific innovation that Priestley would build in the coming years.) By the time he got to Warrington, Priestley had the science bug. He had become, to use the terminology then in vogue, a dabbler in “natural philosophy.”

Like many of his peers, his first love was electricity. To understand the importance of electricity in the imagination of the educated classes in the mid-1700s, one has to understand the unusual convergence that made it so fascinating. In most cases when a fundamental force in the universe is first formally understood by science, there is a lag between that understanding and the emergence of popular technologies that depend on the science for their existence. Newton’s law of universal gravitation didn’t immediately spawn a craze for gadgets built on his equations. Even in today’s accelerated world, it took at least two generations for Watson and  Crick’s discovery of DNA to engender mainstream technologies such as DNA tests. But with electricity, the two phenomena overlapped: you had the discovery of one of nature’s most fundamental forces, and you had an immediate flood of mesmerizing parlor tricks. You had awe-inspiring scientific genius, and you had gadgets, all in one swoop.

Until the 1740s, electricity had been thought of as two separate fluids, with the relationship between them poorly understood. After conducting an ingenious run of experiments—many of which involved literally shocking his houseguests with a machine designed to generate static electricity—Benjamin Franklin hit upon a series of fundamental insights about electricity that remain unchallenged to this day. Franklin first suggested that electricity was composed of a single fluid, with two inseparable charges, which he called “positive” and “negative.” He discovered, likewise, that the two charges interacted in predictable ways; the current would reliably attempt to flow from a positively charged body to a negatively charged one. From this, Franklin deduced the general principle known as the “conservation of electrical charge”—the idea that electricity can neither be created nor destroyed, but instead is merely passed from one conducting object to another. (His biographer Walter Isaacson suggests that this insight may have originated in the many years Franklin spent poring over balance sheets as he built up his publishing business in Philadelphia.)

That basic model of electricity survives to this day, along with the vocabulary Franklin built to describe it. (“Battery,” “charged,” and “conductor” were all his coinages.) The gadgets, however, have not fared as well. Consider this drawing:
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As bizarre as it looks, scenes like this were regular appearances in the drawing rooms and fairgrounds of the mid-seventeenth century. They were the special effects of Enlightenment popular culture. In this case, a young boy suspended in the air with silk ropes is positively charged by a machine that generates static electricity. First the boy’s hair spikes up. Then, as the onlookers gasp in amazement, he reaches to touch a small girl, and sparks shoot between their fingertips. Willing volunteers were regularly pulled out of the audience to experience the voltage firsthand. The early explorers into this magical realm, scientists and showmen alike, were known by a name that also persists to the present day, though it has a somewhat different connotation now. They were called the Electricians.

The most transformative gadget to come out of the Electricians’ cabinet of wonders was the lightning rod, also a concoction of Franklin’s. (The quick jump from conceptual breakthrough to practical application was a hallmark of Franklin’s science, as it would be of Priestley’s.) Humans had long recognized that lightning had a propensity for striking the tallest landmarks in its vicinity, and so the exaggerated height of church steeples—not to mention their flammable wooden construction—presented a puzzling but undeniable reality: the Almighty seemed to have a perverse appetite for burning down the buildings erected in His honor.

Franklin first suggested the idea of taming that “electrical fire” in a letter to his friend Peter Collinson, written in 1750:There is something however in the experiments of points, sending off, or drawing on, the electrical fire, which has not been fully explained, and which I intend to supply in my next. For the doctrine of points is very curious, and the effects of them truly wonderfull; and, from what I have observed on experiments, I am of opinion, that houses, ships, and even towns and churches may be effectually secured from the stroke of lightening by their means; for if, instead of the round balls of wood or metal, which are commonly placed on the tops of the weathercocks, vanes or spindles of churches, spires or masts, there should be put a rod of iron 8 or 10 feet in length, sharpen’d gradually to a point like a needle, and gilt to prevent rusting, or divided into a number of points, which would be better—the electrical fire would, I think be drawn out of a cloud silently, before it could come near enough to strike. . . .




Word of Franklin’s hypothesis quickly spread, as his ideas circulated through the periodicals and coffeehouse networks, even crossing the Channel in a French translation. In 1752, the lightning-rod theory was first successfully put to the test (in France, as it turned out—the beginnings of Franklin’s storied relationship with the  French). Within five years of his speculative note to Collinson, lightning rods had become a common sight on church steeples throughout Europe and America. Franklin’s biographer Carl Van Doren aptly describes the astonishment that greeted these events around the world: “A man in Philadelphia in America, bred a tradesman, remote from the learned world, had hit upon a secret which enabled him, and other men, to catch and tame the lightning, so dread that it was still mythological.”

Thus it is no great surprise that when Joseph Priestley took up the hobby of natural philosophy, it was electricity that first captured his fancy. No other field had generated so much scientific and practical innovation in such a short amount of time. But Priestley the writer had detected a missing piece in the growing science of electricity: no one had written a popular account of these world-changing discoveries. And so he had set off to London, hoping to meet the Electricians in the flesh, and to persuade them to let him tell the story of their genius.

 

 

 

 

PRIESTLEY ARRIVED in London armed with a letter of introduction from John Seddon, the rector at Warrington Academy, addressed to John Canton, a member of the Royal Society and a leading electrician himself. “You will find [Priestley] a benevolent, sensible man, with a considerable share of Learning,” Seddon wrote. He added a postscript: “If Dr. Franklin be in Town, I believe Dr. Priestley would be glad to be made known to him.”

Dr. Franklin did, in fact, prove to be in town, and so when Canton brought Priestley to the London Coffee House, the young, stammering schoolteacher from Warrington found himself seated across the table from the world’s most celebrated electrician. They were joined  by the Welsh moral philosopher and mathematician Richard Price, who would become one of Priestley’s great friends and allies in the coming years.

The Honest Whigs had evolved out of a core group of Canton’s friends; most of them had been educated at Scottish universities or the dissenting schools that had cultivated Priestley. They were all, to varying degrees, convinced of the need for a “rational Christianity,” though Franklin himself was said to abstain from most of the theological debates. Their politics were libertarian, and heated political debate often accompanied the “Welsh rabbits and apple-puffs.” Boswell dryly relates one typical exchange: “Much was said this night against the parliament. I said that, as it seemed to be agreed that all Members of Parliament became corrupted, it was better to chuse men already bad, and so save good men.” But the social and physical sciences often trumped politics at the coffeehouse: Price’s breakthrough works on probability and demography (which would later influence Malthus) were rehearsed over wine and punch with the Honest Whigs. With so many prominent electricians in attendance, the conversations would invariably turn to the single-fluid theory, or a new hypothesis about conduction. A note survives in the historical record, sent from Franklin to Canton, making plans to travel together to the club, and asking, somewhat mysteriously, for “a little of his preparation for the Electrical Cushion.”

Priestley had spent his entire life in small towns. Literally and figuratively, he lived on the periphery of the intellectual networks that consolidated in the metropolis. Given that background and his growing interests, it is easy to understand why he would have sought out an audience at the London Coffee House. These were his heroes, after all. Despite their intimidating scholarship and cosmopolitan ways, the coffeehouse group was quick to embrace Priestley. He was personally likable, with a striking mix of intellectual acuity and gentleness. At five foot eight he was tall for his era. (European men in the eighteenth century were more than two inches shorter on average.) Portraits of him from the period show a welcoming face, with sparkling gray eyes framed by a full-bottom wig. He was not as ruggedly handsome as some later hagiographic portraits would have it. But new acquaintances took to him immediately. While it is unclear exactly how much practical experimentation Priestley had done by 1765, there is little doubt that he possessed a firm understanding of the fledgling science of electricity. Speaking the lingua franca of the electricians would alone have probably warranted a warm greeting.

But the men had an even stronger reason to embrace the young minister: he had arrived on their doorstep offering to write a book in celebration of their research. With the hindsight of two centuries, Priestley’s central idea seems an obvious one. A hundred compelling ideas and applications had spun out of the study of electricity in the past few decades. Wouldn’t it be interesting for someone to string together the extended story of all those innovations in a single book? And do so in a way that made the tale intelligible to readers who lacked any specialized expertise?

Books about “experimental” or “natural” philosophy were not new, of course. Newton’s Philosophiæ Naturalis Principia Mathematica had almost instantly revolutionized science when it appeared a century before. As the historian of science Thomas Kuhn writes, “No other work known to the history of science has simultaneously permitted so large an increase in both the scope and precision of research.” The Principia even sold relatively well—Newton and his publisher, Edmund Halley, actually turned a small profit from it, despite its daunting content. But Newton had played by a set of genre conventions that limited the scope of his readership. Like other experimental philosophers of the age, Newton generally adopted a synthetic approach, one that, in the words of the historian Simon Shaffer, “presented discovery as a set of logically inevitable moves, and the achievement of discovery as an heroic act.” The structure of the book was that of logical argument, the building of suppositions and proofs and counterarguments, all leading to Newton’s own brilliant conceptual leap. The book form provided a model, of sorts, for the wider system he claimed to have uncovered in the physical world. The text orbited around his own genius.

Priestley had come to London with a vision of a different kind of book. He had seen more clearly than anyone of his era the possibility of science as a narrative experience. Newton had written a dazzling and inspired brief for his view of how the world worked. But it was ultimately his interpretation of the world that mattered, not the succession of earlier interpretations that had led the way to universal gravitation, despite his protestations about standing “on the shoulders of giants.” Priestley saw the value in tracing a chain of events, turning it into a narrative of scientific progress. Newton wanted to persuade his readers to believe in a formula. Priestley wanted to tell them a story.

Newton also wrote in Latin, like almost all scholars of the period. Priestley’s idea was to write his history in English, to ensure the widest possible reception. That popular touch would have particularly appealed to Franklin, who had built his career and public persona by publishing practical and lively essays for the eighteenth-century equivalent of the modern mass audience, and who had never bothered to embellish his scientific experiments with scholarly affectation.

When the evening at the London Coffee House finally came to an end, Joseph Priestley walked out into the churchyard with a new band of intellectual comrades and a promise of support for the intriguing book idea that he had outlined over the porter and wine. The electricians would open their private libraries and correspondence to him. (Simply tracking down the data had been the single biggest stumbling block to Priestley’s history, given that public libraries and bookstores—not to mention Google—hadn’t taken their modern form yet.) They promised to read the book in manuscript, and to suggest additions or corrections where appropriate.

Franklin, Canton, and Price took one other crucial step in their support of young Priestley: they encouraged him to conduct his own experiments while writing his history. With his Rudiments of English Grammar and his pamphlets, Priestley was already well on his way to a successful writing career when he first stepped foot into the coffeehouse. But hearing his idols urging him to write about his own investigations opened up a whole new field of possibility for the young man. A few days after that first meeting, the electricians took Priestley along to a session of the Royal Society, the apogee of English natural philosophy, where Newton himself had been president sixty years before. How thrilling it must have been for Priestley to walk into that sacred space with such illustrious new friends at his side. It was a story straight out of a nineteenth-century Bildungsroman , something from Balzac or Stendhal: a young man comes to the metropolis with big dreams and makes a name for himself. Priestley had arrived in London as a dabbler in natural philosophy, tinkering in the provinces with his electrical machine and his air pump. By the time he left, he was a scientist.

 A FEW WEEKS LATER, after his return to Warrington, Priestley wrote to Canton: “The time I had the happiness to spend in your company appears in review like a pleasing dream. . . . I ardently wish a repetition of it.” He spent the next year in a feverish rush, poring through the books and letters and pamphlets that his London friends had lent him, reconstructing the history of batteries, charges, lightning rods, and electrical fluids. He launched himself into a rapid and turbulent river of experiments, developing a style of investigation that would shape the rest of his career—more exploratory than systematic, shuffling through countless variations of materials and equipment and test subjects. Priestley was never one for the grand hypothesis; he rarely designed experiments specifically to test a general theory. The closest thing to a general theory in his work would ultimately lead to his greatest intellectual mistake. His approach was far more inventive, even chaotic. While the experiments themselves were artfully designed, his higher-level plan for working through a sequence of experiments was less rigorous. Priestley’s mode was to get interested in a problem—conductivity, fire, air—and throw the kitchen sink at it. (Literally so, in that many of his experiments were conducted in a kitchen sink.) The method was closer to that of natural selection than abstract reasoning: new ideas came out of new juxtapositions, randomness, diversity. Priestley would later credit the emerging technology of the period—air pumps and electrostatic machines—with helping him develop his distinctive approach: “By the help of these machines,” he wrote, “we are able to put an endless variety of things into an endless variety of situations, while nature herself is the agent that shows the result.”

There is an almost comic quality to the incessant letters that Priestley sent his electrician friends in London over the spring and summer of 1766, postcards from the laboratory of a mad scientist:

I have made an experiment which, I think proves that Glass when heated red hot is a conductor of electricity. I took a glass tube about four feet long, and by means of mercury on the inside and tinfoil on the outside, I charged about nine inches of it very strongly. . . .

I took a cork, and stuck into the sides of it (pointing directly from the center) thirteen vanes each consisting of half a common card. Into the middle of the card I stuck a needle. . . .

I have made a great number of experiments on animals, some of which I refer to a letter I lately wrote to Dr Watson. Since I wrote to him, I discharged 37 Square feet of coated glass through the head and tail of a CAT three or four years old. She was instantly seized with universal convulsions, then lay as dead a few seconds. . . . Thinking she would probably die a lingering death in consequence of the stroke, I gave her a second, about half an hour after the first. She was seized as before, with universal convulsions, and in the convulsive respiration which succeeded she expired. She was dissected with great care, but nothing particular was observed.



Early in his 1766 investigations, Priestley thought he had stumbled across a crucial observation: “mephitic” air—now known as carbon dioxide—was a conductor of electricity. He wrote excitedly to Canton with the news, only to discover in the coming weeks that the results had been compromised by small molecules of condensed  water in the glass that held the air. (Water was already a well-known conductor.) He wrote a sheepish letter to his electrician friends retracting his earlier claims, but the experiment ultimately led him to one of his most important contributions to the science of electricity: the addition of charcoal to the then short list of substances that were capable of conduction, alongside water and metal.

By the end of 1766, a more fundamental pattern had emerged out of the chaos of Priestley’s electrical investigations. Building on a puzzling experiment that Franklin had devised using an “electrical cup,” Priestley surmised that the relationship between electrical charges followed the same inverse square law that Newton had observed in gravitational attraction. (In layman’s terms, the idea was that as two charges approached each other, the electrostatic force between them increased dramatically.) Two decades later, the French physicist Charles-Augustin de Coulomb would definitively prove that Priestley’s conjectures were accurate, which is why the equation now goes by the name of Coulomb’s Law, though Priestley was the first to propose it. It remains one of the bedrock principles of physics. Coulomb’s Law would ultimately be deployed to explain why atoms attach to each other in forming molecules—why the world is made up of stuff, rather than diffuse gases. It would also play a central role in the invention of semiconductors and integrated circuits, the core technology that created the electronic and digital revolutions of the late twentieth century.

The constant flow of letters to London documenting his progress had impressed Priestley’s electrician friends so much that by June, Messrs. Price, Franklin, and Canton decided to nominate their ambitious friend from Warrington as a member of the Royal Society:

Joseph Priestley of Warrington, Doctor of Laws, author of a chart of Biography, & several other valuable works, a gentleman of great merit & learning, & very well versed in Mathematical & philosophical enquiries, being desirous of offering himself as a candidate for election into this Society, is recommended by us on our personal knowledge, as highly deserving that honour; & we believe that he will, if elected, be a usefull & valuable member.


As the year progressed, Priestley’s letters were increasingly accompanied by chapters (Priestley called them “numbers,” in the parlance of the day) from his growing manuscript. Somehow in the stretch of about fifteen months, Priestley had managed to write seven hundred pages on electricity and its pioneers, while exploring an “endless variety of situations” with his own experiments.

When The History and Present State of Electricity, with Original Experiments was published in 1767, the book instantly landed Priestley in that upper echelon of electricians that had welcomed him so warmly at the London Coffee House. A forty-page review in the  Monthly Review called it “excellent . . . judicious, and well-informed.” It sold well enough to support five English editions, and was subsequently translated into both French and German. Copies circulated around the globe: the Italian electrician Alessandro Volta read it; Franklin sent multiple copies back to the colonies. (By 1788, it was part of the standard natural philosophy curriculum at Yale.) The book would remain the principal text on electricity for nearly a hundred years.

The History began with a stirring argument for why electricity was so interesting in the first place:

Hitherto philosophy has been chiefly conversant about the more sensible properties of bodies; electricity, together with chemistry, and the doctrine of light and colours, seems to be giving us an inlet into their internal structure, on which all their sensible properties depend. By pursuing this new light, therefore, the bounds of natural science may possibly be extended, beyond what we can now form an idea of. New worlds may open to our view, and the glory of the great Sir Isaac Newton himself, and all his contemporaries, be eclipsed, by a new set of philosophers, in quite a new field of speculation. Could that great man revisit the earth, and view the experiments of the present race of electricians, he would be no less amazed than Roger Bacon, or Sir Francis, would have been at his.


Priestley condensed all of his own discoveries into the closing two hundred pages of the book, leaving the first five hundred to an exhaustive narrative of scientific progress, relating each innovation in careful detail.

He even included a few sections in the middle of the book that offered guidance for the aspiring scientists and showmen in his audience: “Practical maxims for the use of young electricians” and “A description of the most ENTERTAINING EXPERIMENTS performed by electricity.” Those sections may not sound all that scholarly to the modern ear, but they were crucial to the underlying objectives of the book. Priestley aimed to popularize not simply by helping ordinary readers understand the new science of electricity, but also by encouraging them to become scientists themselves. While he wanted to celebrate the electricians’ discoveries, he deliberately avoided establishing an aura of otherworldly genius around them:

Were it possible to trace the succession of ideas in the mind of Sir Isaac Newton, during the time he made his greatest discoveries, I make no doubt but our amazement at the extent of his genius would a little subside. . . . [T]he interests of science have suffered by the excessive admiration and wonder with which several first rate philosophers are considered; and . . . an opinion of the greater equality of mankind in point of genius would be of real service in the present age.


The History was a seminal achievement in Enlightenment science for two distinct reasons. First, there were Priestley’s original contributions to the science, the ideas that had won him admiration in London and landed him in the Royal Society. (In the style of Newton, Priestley had also included a number of unanswered questions and potential avenues for exploration that his successors would fruitfully investigate in the coming years.) But his History was as much a breakthrough for its form as for its content. He had invented a whole new way of imagining science; instead of a unified, Newtonian pronouncement, Priestley recast natural philosophy as a story of progress, a rising staircase of enlightenment, with each new innovation building on the last. In his prologue to the History, he contrasts his method favorably with the existing genres of civil history and natural history: the epic stories of kings and wars and famines, or the meticulous inventories of nature—insects, rock formations, flowers—that had become commonplace over the preceding century. There were great lessons and pleasures to be found in those other forms of writing, Priestley argued, but they lacked the definitive movement toward clarity and understanding that could be found in his own philosophical history:

The History of Electricity is a field full of pleasing objects, according to all the genuine and universal principles of taste, deduced from a knowledge of human nature. Scenes like these, in which we see a gradual rise and progress in things, always exhibit a pleasing spectacle to the human mind. . . . This pleasure, likewise, bears a considerable resemblance to that of the sublime, which is one of the most exquisite of all those that affect the human imagination. For an object in which we see a perpetual progress and improvement is, as it were, continually rising in its magnitude; and moreover, when we see an actual increase, in a long period of time past, we cannot help forming an idea of an unlimited increase in futurity; which is a prospect really boundless, and sublime.


In one sense, we can see Priestley inventing in these passages an entire genre of popular science: tales of discovery and exploration designed to captivate and engage the mind of a generalist reader. (Priestley would publish an even more accessible, and shorter, version of his  History the following year, which he called A Familiar Introduction to the Study of Electricity.) But he is also building a specific way of connecting past and future that would animate his writing and thinking for the rest of his life, and that would profoundly shape the worldview of the American founders as well. Looking backward over the history of electricity enabled him both to appreciate how science had become an engine of progress and improvement and to project forward into the future, to imagine that ascending line, its trajectory continuing through the coming centuries. This is one of the origin points for a distinctly modern view of the world—call it progressive futurism. Countless other cultures had imagined themselves living at the apex  of history and human understanding. Priestley took that assumption, grounded it in an empirical story of scientific discovery, and then added the crucial caveat: This is only the beginning!

To look down from the eminence, and to see, and compare all those gradual advances in the ascent, cannot but give the greatest pleasure to those who are seated on the eminence, and who feel all the advantages of their elevated situation. And considering that we ourselves are, by no means, at the top of human science; that the mountain still ascends beyond our sight, and that we are, in fact, not much above the foot of it, a view of the manner in which the ascent has been made, cannot but animate us in our attempts to advance still higher, and suggest methods and expedients to assist us in our farther progress.


But even if eighteenth-century Europe was still miles away from the peak, Priestley nonetheless made it clear in his History which mountaineer had reached the highest elevation to date. He devoted almost a hundred pages to Ben Franklin’s experiments and theories about electricity. On page 160 of the original printing, in a chapter devoted to Franklin’s probing of the connection between lightning and electricity, Priestley launched into the story of a curious experiment that Franklin had devised in Philadelphia fifteen years before:

To demonstrate, in the completest manner possible, the sameness of the electric fluid with the matter of lightning, Dr. Franklin, astonishing as it must have appeared, contrived actually to bring lightning from the heavens, by means of an electrical kite, which he raised when a storm of thunder was  perceived to be coming on. . . . [S]o capital a discovery as this (the greatest, perhaps, that has been made in the whole compass of philosophy, since the time of Sir Isaac Newton) cannot but give pleasure to all my readers. . . .


The classic image of Franklin with his electrified kite, ingrained in the minds of countless American schoolchildren over the past two centuries, dates back to this paragraph from Priestley’s History. Franklin himself had only published a brief third-person account of his experiment in the Pennsylvania Gazette, without specifying that he himself had performed it. In fact, Franklin would never provide a direct account of his kite-flying experiment in any of his own published works, leading some subsequent scholars to suspect that the whole episode was a fabrication. But he willingly gave Priestley extensive details on the event. (“Dreading the ridicule which too commonly attends unsuccessful attempts in science, [Franklin] communicated his intended experiment to no body but his son, who assisted him in raising the kite.”) Priestley’s story was engineered to do more than just popularize the bold, life-threatening scientific adventures of his new friend. It was also an attempt to give Franklin partial credit for independently proving that lightning was electrical in nature. Three French scientists, inspired by Franklin’s experiments, had constructed an iron rod that successfully drew lightning from the sky in May of 1752. Priestley pointedly ends his account of Franklin’s kite with a coda: “This happened in June 1752, a month after the electricians in France had verified the same theory, but before he had heard any thing that they had done.”

So many elements from Franklin and Priestley’s future—the folklore and popular mythology, the intellectual camaraderie, the  world-changing ideas—are bound together as a first draft in the pages of the History. Franklin had helped Priestley become one of the great scientists of the age, and he supplied the source material that Priestley used to build his progressive vision of history, a model that would govern his thinking for the remainder of his days. Priestley had, in turn, created an iconic portrait of his mentor, and planted him in the Enlightenment pantheon alongside Isaac Newton. Franklin with his kite remains the defining image of the practical scientific ingenuity of the American founding fathers. And we have Joseph Priestley to thank for it.

 

 

THE SUCCESS OF THE HISTORY and the alliance with the Honest Whigs catapulted Priestley into a new realm of influence and recognition. But it was only a preview of coming attractions. Over the next eight years, he would go on an intellectual streak of legendary proportions, making two groundbreaking discoveries, each one the sort of achievement that on its own would warrant inclusion in the pantheon of Enlightenment science. He would publish multiple papers on his electrical research, inventing new apparatuses for the creation of electrical charge and recording the first known sighting of what we now call an “oscillatory discharge,” which would eventually be crucial to the technology of radio and television. He would isolate and name ten distinct gases, now understood as some of the building blocks of Earth’s atmosphere, sparking a revolution in chemistry. Along the way, he would write more than fifty books and pamphlets on politics, education, and faith.

And if that list doesn’t seem impressive enough: he would also invent soda water.

Before we turn to the specifics of this extraordinary chapter in Priestley’s life, we should first consider the interpretative problem it forces us to confront: not just the what of what happened, but the  why. Intellectual historians have long wrestled with the strangeness of this kind of streak. The thinker plods along, publishing erratically, making incremental progress, and then, suddenly—the flood-gates open and a thousand interesting ideas seem to pour out. It’s no mystery that there are geniuses in the world, who come into life with innate cognitive skills that are nurtured and provoked by cultural environments over time. It’s not hard to understand that these people are smarter than the rest of us, and thus tend to come up with a disproportionate share of the Big Ideas. The mystery is why, every now and again, one of these people seems to get a hot hand.

One possibility is that the whole concept of the hot hand is an illusion, a trick of the mind that exploits our woeful skills at probability analysis. If you dispersed innovations randomly across a group of people, and placed them at random intervals as well, a few clusters would undoubtedly appear where an individual researcher would churn through a series of breakthrough ideas in a short amount of time. We’re naturally inclined to see a hot hand here, some extra dose of inspiration that triggered the streak in the first place, but in fact the streak would just be an offshoot of that random distribution, no more magical than a repeated coin toss that every now and then turns up heads ten times in a row. Two famous studies of streaks in sports—a basketball study by Stanford psychologist Amos Tversky and a baseball version conducted by the Harvard Nobel laureate Ed Purcell—found that hot hands were a figment of our imagination: the fact that a player has just made a free throw makes him no more or less likely to sink the next one. Even the humiliating nadir of the Baltimore Orioles’ 0-for-21 losing streak that began their 1988 season was securely within the range of expected outcomes, given the 200,000 major league games that have been played in the modern era. As Stephen Jay Gould put it, in an essay that widely popularized these studies: “Nothing ever happened in baseball above and beyond the frequency predicted by coin-tossing models. The longest runs of wins or losses are as long as they should be, and occur about as often as they ought to.” The one exception, Gould went on to concede, was DiMaggio’s fifty-six-game hitting streak, so far above the predicted range that, in Gould’s words, it “ranks as pure heart.”

The question for intellectual history is whether streaks of innovation are more like the Orioles’ dismal start in ’88 or more like DiMaggio in the summer of ’41—a fantasy of misinterpreted probability or the sign of some special force at work, a “zone” that somehow lowers the barriers to discovery and understanding. One reason to suspect the latter is that, unlike free throws, ideas are clearly cumulative in nature; solving one problem often gives you a new set of conceptual tools that help you solve the next problem that presents itself. But with Priestley, the mystery is not just that he was able to hit upon so many important ideas in such a brief time frame, it’s also that those ideas were scattered across so many different fields.

There is a parallel mystery here, one level up the chain. Human cultures have a long track record of collective hot streaks, where clusters of innovations seem to burst into flame after centuries of darkness. (We have names like “Renaissance” precisely to mark exactly how extreme the transformation is.) Priestley was a key participant in one of these cultural-phase transitions, what was described self-consciously at the time, by Kant and others, as the Enlightenment, a term that embraces both the widening of political and religious possibility in eighteenth-century Europe and the extensive application of the scientific method to problems that had previously been shrouded in darkness. There were literally dozens of paradigm shifts in distinct fields during Priestley’s lifetime, watershed moments of sudden progress where new rules and frameworks of understanding emerged. Priestley alone was a transformative figure in four of them: chemistry, electricity, politics, and faith. Each paradigm shift on its own has its own internally consistent narrative that describes its path, explaining how we came to understand something like the single-fluid theory: a litany of hunches, experiments, published papers, and popularizations. But what we don’t have is a convincing theory about the system that connects all these local innovations, that causes them to self-organize into something so momentous that we have to dream up a name like the “Age of Enlightenment” to describe it. Beneath those innovations some deeper force seems to be operating, a kind of intellectual plate tectonics driving a thousand tremors on the surface. In Priestley’s mountain metaphor, it’s not so much that we are climbing the slope, but that the mountain itself is being pushed higher by the force of those immense but unseen land masses colliding. But what is that force exactly—and how can we measure it?

You can see in those opening passages from The History and Present State of Electricity that Priestley was acutely aware of this problem; the structure of the book itself was designed, in a sense, to present that long-term progressive movement with maximum emphasis. This is a sensibility that was largely absent in the Renaissance, despite the achievements of that period; the hill-town cultures of northern Italy still imagined historical change as Fortune’s wheel:  rising, falling, waxing, waning. Beginning with Descartes and Bacon, a feeling began to emerge in Western Europe that history was charting another trajectory—not an endless cycle of rise and fall, but instead a steady climb upward. Priestley’s book was an attempt to take that hunch and turn it into history.

By the time of his death, the premise that society and science were riding a kind of permanent escalator, ascending the slope at ever-increasing speed, would be widely accepted, and the debate would turn to the nature of the engine that was driving that process. For much of the nineteenth century, the engine was dialectics—first in the abstract approach that Hegel took in his Philosophy of History, and then in the materialist rendition of Marx and Engels that famously turned Hegel “on his head.” Social and intellectual history, in this view, advanced according to the fundamental laws of dialectical progress, thesis confronting antithesis, and generating some higher-order synthesis out of that collision. The existence of this force was, for generations of thinkers, as immutable and ubiquitous as gravity itself, and yet the concept has a strange mysticism to it—even in Marx’s more grounded economic version. Its origins are as a philosophical method, a way of working through an argument to reach a more advanced understanding. It’s easy to understand why an individual logician might use the dialectical method to construct a proof. But why should uncoordinated, collective behavior follow dialectical patterns? Cultural change needn’t necessarily take that particular shape; it’s more intuitive, in fact, to think that it would mimic the characteristic patterns of other systems: waves, for instance, or epidemics, or information networks.

What Marx did grasp, more clearly than any thinker before him, was that the proper interpretative scale for understanding change  and progress is larger and deeper than that of the individual human life, yet at the same time is grounded in the material world. You couldn’t attribute change exclusively to exceptional people, and you couldn’t attribute it to some external and nebulous spirit, the way Hegel had done. There were great thinkers and leaders and visionaries, to be sure—Marx held Hegel up as one of them, to a fault probably—but that “great man” view of historical change exposed only a small slice of the full story, because the creation and spread of new ideas and new ways of living are shaped by forces both greater and smaller than individual humans. Marx identified three new primary macro processes that deserved to be included in the narrative: the class struggle, the evolution of capital itself, and technological innovations. They were all, for different reasons, enormously valuable contributions to the project of making sense of historical change. And they were all fundamentally correct, at least in their contention that class identity, capital, and technological acceleration would be prime movers in the coming centuries, and that each one had an independent life, outside the direct control of human decision-makers. Humans made the steam engine, but the steam engine ended up remaking humanity, in ways that the original inventors never anticipated.

The contemporary view of intellectual progress is dominated by one book: Thomas Kuhn’s The Structure of Scientific Revolutions, published in 1962, from which the now conventional terms “paradigm” and “paradigm shift” originate. By some measures, Kuhn’s book was the most cited text in the last quarter of the twentieth century, and it regularly ranks among the most influential books of the entire century. In Revolutions, Kuhn set out to dismantle the idea that scientific progress happens in a linear fashion, as a series of  indisputable facts unearthed one after another, each breakthrough another definitive step toward absolute truth. (Kuhn calls this the “development-by-accumulation” model.) Instead, he explained, “normal” science works within an established paradigm: a set of rules and conventions that govern the definition of terms, the collection of data, and the boundaries of inquiry. But over time, anomalies appear inside the paradigm: data that can’t be explained, questions that can’t be answered using the tools of the existing model. At that point, certain adventurous researchers begin practicing what Kuhn called “revolutionary science,” reaching outside the boundaries of the old paradigm, inventing new rules and conventions that eventually cause the old paradigm to collapse. The classic case study for the concept of a paradigm shift is the Copernican revolution in astronomy, but in actual fact, the first extended story that Kuhn tells in The Structure of Scientific Revolutions is the paradigm shift in chemistry that took place in the 1770s, led by the revolutionary science of Joseph Priestley.

While Kuhn’s system placed the scientist squarely at the center of intellectual change, it made an essential break from the folklore of individual genius that Priestley had himself questioned two centuries before. Kuhn demonstrated convincingly that science was not a straightforward pursuit of universal truth, the genius suddenly discovering new facts about the world by sheer force of intellect. Instead, innovations in science came out of a complicated play among insight, empirical study, and the conventions of a given paradigm. The facts themselves were bounded, and in part created, by the cultural prescriptions of the current model. The trouble with Kuhn’s system, however, came from its own, self-professed conceptual boundaries. “Aside from occasional brief asides,” Kuhn explained in the  preface, “I have said nothing about the role of technological advance or of external social, economic, and intellectual conditions in the development of the sciences.” In Kuhn’s analysis, change happens because anomalies appear inside the rules and expectations of normal science. External changes—in technology, society, politics—do not appear as factors in this schema. Revolutionary science happens inside the lab, isolated from the tumult of the external world. But what happens when a scientific paradigm shift coincides with comparable revolutions in the structure of human society or religious belief? Surely there are causal links that connect them, particularly when one man lies at the center of so many simultaneous revolutions.

Is there a better organizing principle, a better metaphor for making sense of conceptual revolutions like those that Priestley helped bring about? One might be a twentieth-century concept that neither Priestley nor Marx had available to them, and which was still a new idea for Thomas Kuhn in 1962: the ecosystem. Ecosystem theory has changed our view of the planet in countless ways, but as an intellectual model it has one defining characteristic: it is a “long zoom” science, one that jumps from scale to scale, and from discipline to discipline, to explain its object of study: from the microbiology of bacteria, to the cross-species flux of nutrient cycling, to the global patterns of weather systems, all the way out to the physics that explains how solar energy collides with the Earth’s atmosphere. This is what ecosystem science looks like in practice:

This is the Bretherton diagram, prepared by a committee of scholars associated with NASA in the mid-eighties. It attempts to show the main dynamics of global ecosystems theory, the multidisciplinary field that goes by the name Earth System Science. The diagram  looks formidable to the untrained eye, but it looks even more formidable to the trained eye, because the trained eye sees in a flash how many distinct disciplines are yoked together in this densely interconnected system. Economists, microbiologists, atmospheric physicists, marine biologists, geologists, urban historians, chemists: these are intellectual clans that historically have not spoken the same language, much less shared a table at the same coffeehouse. And yet there they are—connected, interdependent—on the Bretherton diagram. To make sense of the world system, they have had to learn to speak a common language.
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(FROM EARTH SYSTEM SCIENCE: AN OVERVIEW, NASA, 1988)

Cultural systems, too—the natural history of good (and bad) ideas—require this kind of long thinking as well, from the neural networks of the human brain, to the biographical details of human lives, to the broad ebb and flow of social and physical energy in a  changing society. The long zoom of culture looks something like this, moving from the very small to the very large:

[image: 007]

As in Earth System Science, each level operates at different time scales: biographical details of sibling rivalry or traumatic illnesses unfold on the scale of years or decades, while transformations in the flow of energy can take thousands (or millions) of years to play out. The economic base and the scientific paradigm figure prominently in this scheme, but neither has the primacy that Marx and Kuhn  accorded to them. When something big happens in the culture—when a man in Leeds goes on a streak of pioneering natural philosophy; when several nations clustered together in a small subsection of the planet simultaneously reinvent science and government—that event is rarely the exclusive result of a single layer: one man’s genius, say, or the rise of a new economic class. Epic breakthroughs happen when the layers align: when energy flows and settlement patterns and scientific paradigms and individual human lives come into some kind of mutually reinforcing synchrony that helps the new ideas both emerge and circulate through the wider society.

There is some poetry in approaching the mystery of Joseph Priestley’s streak from this ecosystems perspective, because the most groundbreaking and original idea that he had during this period now sits as one of the bedrock principles of twentieth-century ecosystem science. That is the beautiful thing about ideas: sometimes they generate clues that, centuries later, help you understand the mystery of their own origins. The mountain lifts you high enough that you can finally see the land masses that made the mountain in the first place.

 

 

LONG ZOOM HISTORIES don’t dispense altogether with individual lives, of course, and in explaining Joseph Priestley’s streak, it’s best to start with one central biographical fact: he moved. In the summer of 1767, Joseph and Mary packed up their belongings at Warrington—the electrical kits and vials and growing library—so that Joseph could take up residence as minister to a congregation at Mill-Hill Chapel in Leeds. While the new job entailed preaching to a larger group of parishioners than in any of his previous positions, his daily obligations were far less imposing than they had been teaching at  Warrington, requiring no more than an hour or two a day. With his wife running the household and tending to their four-year-old daughter, Sally, Priestley simply had more time on his hands to explore, invent, and write. Priestley was retracing a pattern that Franklin had originally carved two decades before, when he handed over day-to-day operation of his printing business to his foreman, David Hall, in 1748 and then spent the next three years transforming the science of electricity. Necessity may be the mother of invention, but most of the great inventors were blessed with something else: leisure time.

The move also inspired Priestley in more random ways. When the Priestleys first arrived in Leeds, they discovered the official minister’s house on Bansinghall Street was still being renovated for them, and so they took up residence for a short while on Meadow Lane, in a house that happened to border on the public brewery of Jakes and Nell. Ever curious, Priestley quickly discovered that the vats of fermenting liquid emitted a steady supply of “fixed” or “mephitic” air—what we now call carbon dioxide. Fixed air had been discovered only a dozen years before by the Scottish chemist Joseph Black, who had been the first to propose that our atmosphere might in fact be a mixture of different elements, the poisonous “fixed” air intermingling with the common air that all animals require for respiration. Fixed air was almost as tantalizing a subject for inquiry as electricity in those days, and so within a matter of weeks, the puzzled workmen in the brewery were assisting the eccentric minister next door with a battery of experiments over the vats. Priestley discovered that pouring plain water back and forth between two cups while holding it over the vats suffused it with the fixed air after a short amount of time, adding an agreeable fizz that was reminiscent of certain rare mineral waters. In late September, he wrote a note to  Canton describing his new fascination with mephitic air that included this aside: “By the way, I make most delightful Pyrmont Water , and can impregnate any water or wine &c. with that spirit in two minutes.” If he had only thought to add fruit juice to the mix, he might have invented the wine cooler as well.

Priestley would refine his method in the coming years, and eventually mention his technique during a dinner party with the Duke of Northumberland in early 1772, suggesting—incorrectly as it turned out—that his seltzer water might prove a useful weapon in the British navy’s fight against scurvy. Within a matter of days, Priestley was presenting a statement to the Lord Commissioners of the Admiralty on behalf of his concoction. By the time Captain Cook’s vessels, the Resolution and the Adventure, set sail in June of 1772, they were equipped with soda-water machines manned by the watchful eye of the ships’ surgeons. Inspired by the beverage’s enthusiastic reception among the Admiralty, Priestley quickly published a pamphlet: Directions for impregnating water with fixed air, in order to communicate to it the peculiar spirit and virtues of Pyrmont water, and other mineral waters of a similar nature. Priestley’s discovery did nothing to fight scurvy, but it did create a taste for carbonation that would ultimately conquer the planet.

Priestley later described his soda-water epiphany as his “happiest” discovery, while acknowledging it had little scientific value. But that chance encounter with the Jakes and Nell Brewery ultimately led to more substantive investigations as well: those fermenting vats with their invisible pool of mephitic air triggered in Priestley a new fascination with the mysteries of air itself, a fascination that would ultimately lead to the greatest discoveries of his career—along with his most vexing blunder. Had the renovations to the minister’s house on Bansinghall Street followed an accelerated timetable, it’s  likely that Priestley would have never stumbled across his “delightful Pyrmont water”; without the brewery, it’s possible that Priestley wouldn’t have thrown himself into the study of gases that dominated the next decade of his research. We tend to talk about the history of ideas in terms of individual genius and broader cultural categories—the spirit of the age, the paradigm of research. But ideas happen in specific physical environments as well, environments that bring their own distinct pressures, opportunities, limitations, and happy accidents to the evolution of human understanding. Take Joseph Priestley out of Enlightenment culture, and deprive him of the scientific method, and his legendary streak no doubt disappears, or turns into something radically different. But take Priestley out of Meadow Lane, and deprive him of his hours at the brewery, and you would likely get a different story as well.

Ideas are situated in another kind of environment as well: the information network. Theoretically, it is possible to imagine good ideas happening in a vacuum—a lone Inuit scientist conjuring up breathtaking discoveries in his igloo, and then keeping them to himself. (Mendel’s pea-pod experiments were not that far from this model.) But most important ideas enter the pantheon because they  circulate. And the flow is two-way: the ideas happen in the first place because they are triggered by other people’s ideas. The whole notion of intellectual circulation or flow is embedded in the word “influence” itself (“to flow into,” influere in the original Latin). Good ideas influence, and are themselves influenced by, other ideas. They flow into each other. Different societies at different moments in history have varying patterns of circulation: compare the cloistered, stagnant information pools of the European Dark Ages to the hyper-linked, open-sourced connectivity of the Internet.

You can see in Priestley’s letters to the electricians where he and his friends fell on the circulation spectrum: every detail of every experiment relayed in the most generous, exhaustive form imaginable. The idea of proprietary secrets, of withholding information for personal gain, was unimaginable in that group. Think of the untold trillions of dollars that have been generated by the invention of soda water, and yet Priestley happily revealed his formula in letters, pamphlets, and dinner party chatter to anyone who would listen. This meant that he failed to realize the commercial potential of his invention, a decision that would have lifelong repercussions for him, in that Priestley would remain, in one fashion or another, dependent on the financial patronage of other people. (A certain Johann Schweppes fared better in this regard, patenting a method of carbonating water in 1783; his namesake still enlivens gin-and-tonics to this day.) But Priestley was a compulsive sharer, and the emphasis on openness and general circulation is as consistent a theme as any in his work. The whole genesis of The History had been to inspire new research by conveying the current state of play in intelligible and comprehensive detail. No doubt Priestley saw farther because he stood on the shoulders of giants, but he had another crucial asset: he had a reliable postal service that let him share his ideas with giants. That reliability had its limits, however. Information networks are shaped not only by their speed and connectivity but also by their security. At three points in Priestley’s life, crucial events would unfold precisely because a letter or batch of letters had been stolen or had somehow fallen into the wrong hands—a plot twist that recurs through the epistolary novels of the period. It’s not simply the speed of information that shapes the flow of ideas in a given society, it’s also how vulnerable that information is to attack or misappropriation.

Thinking about Priestley’s streak in the context of information networks takes us all the way back to that fateful meeting at the London Coffee House. The open circulation of ideas was practically the founding credo of the Club of Honest Whigs, and of eighteenth-century coffeehouse culture in general. With the university system languishing amid archaic traditions, and corporate R&D labs still on the distant horizon, the public space of the coffeehouse served as the central hub of innovation in British society. How much of the Enlightenment do we owe to coffee? Most of the epic developments in England between 1650 and 1800 that still warrant a mention in the history textbooks have a coffeehouse lurking at some crucial juncture in their story. The restoration of Charles II, Newton’s theory of gravity, the South Sea Bubble—they all came about, in part, because England had developed a taste for coffee, and a fondness for the kind of informal networking and shoptalk that the coffeehouse enabled. Lloyd’s of London was once just Edward Lloyd’s coffeehouse, until the shipowners and merchants started clustering there, and collectively invented the modern insurance company. You can’t underestimate the impact that the Club of Honest Whigs had on Priestley’s subsequent streak, precisely because he was able to plug in to an existing network of relationships and collaborations that the coffeehouse environment facilitated. Not just because there were learned men of science sitting around the table—more formal institutions like the Royal Society supplied comparable gatherings—but also because the coffeehouse culture was cross-disciplinary by nature, the conversations freely roaming from electricity, to the abuses of Parliament, to the fate of dissenting churches.

The rise of coffeehouse culture influenced more than just the information networks of the Enlightenment; it also transformed the  neurochemical networks in the brains of all those newfound coffee-drinkers. Coffee is a stimulant that has been clinically proven to improve cognitive function—particularly for memory-related tasks—during the first cup or two. Increase the amount of “smart” drugs flowing through individual brains, and the collective intelligence of the culture will become smarter, if enough people get hooked. Create enough caffeine-abusers in your society and you’ll be statistically more likely to launch an Age of Reason. That may itself sound like the self-justifying fantasy of a longtime coffee-drinker, but to connect coffee plausibly to the Age of Enlightenment you have to consider the context of recreational drug abuse in seventeenth-century Europe. Coffee-drinkers are not necessarily smarter, in the long run, than those who abstain from caffeine. (Even if they are smarter for that first cup.) But when coffee originally arrived as a mass phenomenon in the mid- 1600s, it was not seducing a culture of perfect sobriety. It was replacing alcohol as the daytime drug of choice. The historian Tom Standage writes in his ingenious A History of the World in Six Glasses:The impact of the introduction of coffee into Europe during the seventeenth century was particularly noticeable since the most common beverages of the time, even at breakfast, were weak “small beer” and wine. . . . Those who drank coffee instead of alcohol began the day alert and stimulated, rather than relaxed and mildly inebriated, and the quality and quantity of their work improved. . . . Western Europe began to emerge from an alcoholic haze that had lasted for centuries.




Emerging from that centuries-long bender, armed with a belief in the scientific method and the conviction, inherited from Newtonian physics, that simple laws could be unearthed beneath complex behavior, the networked, caffeinated minds of the eighteenth century found themselves in a universe that was ripe for discovery. The everyday world was teeming with mysterious phenomena—air, fire, animals, plants, rocks, weather—that had never before been probed with the conceptual tools of the scientific method. This sense of terra incognita also helps explain why Priestley could be so innovative in so many different disciplines, and why Enlightenment culture in general spawned so many distinct paradigm shifts. Amateur dabblers could make transformative scientific discoveries because the history of each field was an embarrassing lineage of conjecture and superstition. Every discipline was suddenly new again. Priestley said it best in the introduction to his History:

In electricity, in particular, there is a greatest room to make new discoveries. It is a field but just opened, and requires no great slock of particular preparatory knowledge; so that any person who is tolerably well versed in experimental philosophy may presently be upon a level with the most experienced electricians.


If Priestley and his comrades unearthed an amazing trove of scientific treasure during these exceptional decades, it was at least in part because the soil was so shallow.

But to speak of soil in this context is to mix elemental metaphors. Priestley’s two great discoveries from this period were made of air, not earth. One of them—by far the more celebrated of the two—revolutionized chemistry, though Priestley blundered spectacularly in interpreting his findings. But the other one he got right.
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PRIESTLEY’S TOOLS
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