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PROLOGUE
INVENTING THE SCIENTIST


How much has happened in these 50 years—a period more remarkable than any, I will continue to say, in the annals of mankind. I am not thinking of the rise and fall of Empires, the change of dynasties, the establishment of governments. I am thinking of those revolutions of science which have had much more effect than any political causes, which have changed the position and prospects of mankind more than all the conquests and the codes, and all the legislators that ever lived.

—BENJAMIN DISRAELI, 18731



ON JUNE 24, 1833, THE BRITISH ASSOCIATION FOR THE ADVANCEMENT of Science convened its third meeting. Eight hundred fifty-two paid-up members of the fledgling society had traveled to Cambridge from throughout England, from Scotland and Ireland, and even from the Continent and America, to attend. At the first General Meeting the members—and many of their wives and daughters—crowded into the grand and imposing Senate House of the university. The atmosphere was charged with barely suppressed excitement and anticipation as the audience watched one of the speakers take his place on the stage before them. It was William Whewell—a tall, robust man in his late thirties, renowned for the brawn of his muscles and the brilliance of his mind. At Cambridge he was a star: outspoken fellow of Trinity College, recently resigned as Professor of Mineralogy, the author of a number of physics textbooks and a new, provocative work on the relation between science and religion. In less than a decade he would surprise no one by being appointed Master of Trinity, the most powerful position at the university; some would say the most powerful position in the entire academic world. Whewell was one of the guiding lights in the formation of the British Association, and he was the proud host of the Cambridge meeting.2

Whewell spoke in a strong, self-assured voice, redolent with the peculiar vowels of his native Lancashire accent. He praised the assembled group. He discussed the current state of the sciences, singling out astronomy as the “Queen of the Sciences.” He remarked on the nature of science, noting the importance of both “facts and theory” in its formation: both the skills of the keen observer and those of the rational reasoner were combined in the successful practitioner of science. He spoke of a former member of Trinity College, Francis Bacon, the seventeenth-century scientific reformer, connecting the goals of the British Association with those of his illustrious predecessor. It was a masterful performance, just as the organizers had expected in inviting Whewell to open the meeting. After respectful applause—not only for Whewell, but for their own good sense and good taste in coming together as they had—the audience grew silent.3

As the applause died down, one man rose imperiously. It was, the other members realized with some surprise, Samuel Taylor Coleridge, the celebrated Romantic poet. Decades earlier, Coleridge had written a tract on scientific method. Although for the last thirty years he had rarely left his home in Highgate, near Hampstead, he had felt obliged to make the long journey back to his alma mater for the British Association meeting. It would be the last of such trips; he died within the year. His intervention in the meeting would have far-reaching consequences for those who practice science, even to the present day.

These practitioners were, at the time, known as “men of science” (they were rarely women in those days), “savants” (using the French word for a man of great learning), or—beckoning back to the close-knit relation between science and philosophy that had existed since ancient times—“natural philosophers.” Coleridge remarked acidly that the members of the association should no longer refer to themselves as natural philosophers. Men digging in fossil pits, or performing experiments with electrical apparatus, hardly fit the definition; they were not, as he might have said, “armchair philosophers” pondering the mysteries of the universe, but practical men, with dirty hands at that. Indeed, Coleridge persisted, as a “real metaphysician,” he forbade them the use of this honorific.

The hall erupted in a tumultuous din, as the assembled group took offense at Coleridge’s sharp insult. Then Whewell rose once again, and quieted the crowd. He courteously agreed with the “distinguished gentleman” that a satisfactory term with which to describe the members of the association was wanting. If “philosophers” is taken to be “too wide and lofty a term,” then, Whewell suggested, “by analogy with artist, we may form scientist.”4

That the coining of this term occurred when, where, and by whom it did was no accident; rather, it was the culmination of twenty years of work by four remarkable men, Whewell and three of his friends. It was also, in some ways, merely the beginning of their labors, for the term, thus launched, was not to be widely used for decades more.5

THE FOUR HAD met at Cambridge, at the very site of this creation of the “scientist.” Two decades earlier, as students, Whewell and his friends Charles Babbage, John Herschel, and Richard Jones had come together to discuss the themes that Whewell touched upon in his 1833 address. The importance of Francis Bacon, the need to carry out the reforms he had foreseen two centuries before, the role for both observation and reasoning in science: all of this had been the fodder for “Philosophical Breakfasts” fondly recalled by the four in later years.

At these Sunday morning meetings, the four students had cast their young, critical eyes over science as it was currently practiced, and found it wanting. They saw an area of inquiry perceived as the private pursuit of wealthy men, unsupported and unheralded by the public. No one was paid to conduct scientific research; the universities barely supported the experiments of their chemistry professors; students could not even receive degrees in the natural sciences at Cambridge and Oxford; no honors, no peerages or monetary rewards, were offered for scientific innovation. Within science itself, its practitioners rarely met, and never debated publicly about their work; even at the Royal Society of London, that bastion of natural philosophy since the time of Isaac Newton, scientific papers were read, but never discussed or opposed. Indeed, its members were often not even men of science, but antiquarians, literary figures, or noblemen who wished to associate with the philosophers.

Moreover, there was no agreed-upon “scientific method,” no one process of discovering theories that was sanctioned above any other. Worse, there was a disquieting trend toward a kind of scientific reasoning the four men thought was not only sterile, leading to no new knowledge, but outright dangerous in its consequences. And while science had long been employed in the service of the state, of kings and governments, it was not generally accepted that science should be used to improve the lives of common men and women. It was to these friends as if the old medieval system of alchemy, with its secret methods and its mysteries, its discoveries hidden by codes and ciphers, its riches reserved for its practitioners, still held knowledge of the physical world in its grip. It was no surprise, they felt, that science was stagnating.

The four men devoted their lives to transforming science. And to an amazing extent, they succeeded. After their labors, science—and scientists—began to look much as they do today.

AT THE START of the 1800s, the man of science was likely to be a country parson collecting beetles in his spare hours, or a wealthy gentleman performing experiments in his own privately funded laboratory, or a factotum of a wealthy patron; by the end of the century he was a “scientist”—a member of a professional class of (still mostly) men pursuing a common activity within a certain institutional framework: professional associations open only to practicing members; research grants; university and laboratory training for younger practitioners. When Coleridge, the most famous poet of the day, wrote his tract on scientific method in 1817 it was not considered an oddity; by 1833, the time of the third meeting of the British Association for the Advancement of Science, it was already remarkable, and in the years that followed it was almost inconceivable. A wall was slowly being constructed between art and science, a wall that still stands today.

When the Philosophical Breakfast Club first began to meet, men of science and the public hardly ever explicitly argued about what kind of scientific method should be used; by the end of it, this topic was often discussed—and hotly debated. Men of science were forced to reflect on their method, not just proceed haphazardly. Before, Francis Bacon’s method of “induction” was sometimes referred to, but rarely understood; afterwards, a sophisticated form of Bacon’s inductive method had been developed and popularized, one that continues to guide the work of scientists today. And while earlier research was most likely done for the sake of personal glory, or for that of king and empire, or for the furthering of “pure knowledge,” by the end of the nineteenth century the scientist was seen as responsible in some way to the public. More than ever before, it was assumed that the methods of natural science could be—and should be—used to understand and solve the problems facing society. This ideal—though it has had a checkered history in the twentieth and twenty-first centuries—remains at the heart of much modern scientific work, and is part of the public’s conception of science, even if scientists themselves do not always view it as their driving force.

Each of the men who brought about this revolution was brilliant, fascinating, and accomplished, and possessed of the optimism of the age. William Whewell (pronounced “Who-ell”) was plucked from obscure beginnings as the son of a carpenter, eventually becoming one of the most powerful men of science in the Victorian era. Charles Babbage, the inventor of the first computer, spent most of his life attempting to build it, but died thwarted and bitter, even though the British government had put at his disposal funds equal to the cost of two warships in those days. John Herschel was the son of the German astronomer William Herschel; he came to outshine his father as the age’s most renowned stargazer, as well as one of the inventors of photography and an accomplished mathematician, chemist, and botanist. Richard Jones—a bon vivant, and linchpin of the group’s discussions of science—helped raise an infant science, political economy (as economics was then called), to respectability.

It is their story that I shall tell, a story that is at the same time a tale of the age in which they lived and which they helped to shape.

And what an age it was! In no previous fifty-year period had so much been accomplished, as Disraeli recognized at the end of it. Perhaps the only period as remarkable has been the past fifty years, in which we have seen routine space exploration, the digital computer age, the Internet, the decoding of the human genome, and so many other developments. From the 1820s to the 1870s—from when the men set out in earnest to change science, until their deaths—a dazzling array of scientific achievements burst onto the scene. The period saw the invention of photography, the computer, modern electrical devices, the steam locomotive, and the railway system. It hosted the rise of statistical science, the social sciences, the science of the tides, mathematical economics, and modern “theories of everything” in physics.

During this half-century there were reforms of the welfare system, the postal system, the monetary system, the tax system, and factory manufacturing. Nations—emerging from wars that had spread over Europe—began to cooperate on scientific projects. A planet was unexpectedly discovered; it was only the second new planet to be discovered since antiquity. Debates erupted about the presence of life on other planets. The skies of the southern hemisphere and the tides all over the world were mapped for the first time. A publicly funded expedition was sent to Antarctica to study terrestrial magnetism. New and sometimes troubling questions about the relation of science and religion were raised, questions that gained a fevered urgency when Darwin’s theory of evolution transformed the accepted view of man and his position in the world.

In this age of great movement and change, of inventions and discoveries and speculations about distant and future worlds, the four friends plotted together ways to reform the scientist and his role in society. They hatched their plans at their Cambridge Sunday philosophical breakfasts, and pursued them as a team for the rest of their lives. After graduating, the men visited each other, traveled together throughout Britain and on the Continent, conducted joint experiments, compiled observations and information for each other, and together lobbied the government and scientific societies on behalf of shared intellectual interests as well as their individual financial interests. They read and commented upon each other’s manuscripts throughout their lives—so much so that it is often difficult to untangle the cords of influence, and determine who first thought of a particular idea. They introduced each other’s books to a broader public by writing reviews of them in the magazines of the day.

Their family lives were intertwined as well: they attended and officiated at each other’s weddings, named children after each other, served as godfathers to each other’s sons and daughters, sent their children on visits to the others, helped each other’s sons get settled at the university and find positions, and, finally, mourned together as, one by one, the members of the club died. Throughout it all, they corresponded: over the half-century of their friendship, thousands of letters were written, passed around, and discussed. They did not agree with each other on all the details, or on all the strategies, and sometimes argued bitterly. But reforming science was their shared project, and they pursued it with youthful passion from the time they met until their deaths.

Alone, none of these men could have accomplished so much. The friends goaded each other into making their discoveries, and cooperated in their efforts to transform the scientific world. They encouraged the others when circumstances began to make it seem impossible that they would ever succeed. And they shared their triumphs with each other, even when they were scattered over the globe, in long and at times passionate letters.

As both Herschel and Whewell would remark in their writings on science, the scientific process is inevitably a social one. Discoveries are not made in a vacuum, but in the midst of whirling currents of politics, rivalry, competition, cooperation, and the hunger for knowledge and power. And the scientist does not work in isolation. Geniuses there may be, but even these require the interplay of other creative minds in order to discover, create, invent, innovate. The accomplishments of the Philosophical Breakfast Club marvelously illustrate the truth of its members’ views. Through the interaction of Babbage, Herschel, Jones, and Whewell, and the men and women around them, modern science was made.

Remarkably, then, these four men managed to bring into being their brash, optimistic, youthful dreams. But this very success carried with it an almost tragic irony: their own efforts would serve to make them obsolete. By carving out a particular role for the “scientist,” the four men left no room for those like themselves (which explains, indeed, why similarly inclined men of science were reluctant to take up the title “scientist”). They were not like the narrowly specialized scientists now filling up the section meetings at the British Association and other scientific societies, who know geology or astronomy but not both; not like the laboratory technicians conducting one kind of experiment, day after day; not like the teachers training a new generation of scientists how to construct an optical apparatus. They were widely and classically trained, readers of Latin and Greek, French and German, whose interests ranged over all the natural and social sciences and most of the arts as well, who wrote poetry and broke codes and translated Plato and studied architecture, who pursued optics simply because, as Herschel said, “Light was my first love,” who conducted the experiments that struck their fancy, based on the chemicals and equipment they happened to have on hand, who measured mountains and barometric pressure while on holiday in the Alps and observed the economic situation of the poor wherever their peripatetic wanderings took them. Babbage, Herschel, Jones, and Whewell are a strange breed: the last of the natural philosophers, who engendered, as it were with their dying breath, a new species, the scientist.


1
WATERWORKS

THEY WERE DIGGING THE CANAL THE YEAR WILLIAM WHEWELL was born. The Lancaster Canal would wend its way from Preston, in the south, where the Ribble River reached into the Irish Sea, up past Garstang, an arm of the canal dipping again into the sea at Glasson, before winding through Lancaster and heading north to Kendal, at the edge of the Lake District. In 1794, at the height of the Industrial Revolution, manufacturing and engineering ruled Britain, and both were present at the great work of building this canal.

Whewell would grow up surrounded by the canal works and the great waterway itself, impressed with these monuments to the immense powers of human invention and technology. Later he would come to see himself as an engineer of Science, plotting the course of a mighty body, just as the canal’s engineer, John Rennie, had planned the path of a mighty waterway. This child of the Industrial Revolution would one day initiate a Scientific Revolution that would change the world.

THE STORY OF the canal begins in 1772, when a group of Lancaster merchants came together with the idea of constructing a new waterway that would connect with the Leeds and Liverpool Canal, near Wigan, and proceed northward through Preston and Lancaster to Kendal. Work on canals had been going on for some decades, ever since 1755–61, when the Sankey Brook in Lancashire had been turned into a canal for bringing cheap coal to Liverpool; after that, an age of canal building was begun, powered by the industrialists who wanted cheap means of transporting their goods from factories to markets.

In recent times the port of Lancaster had been one of the busiest in Britain. Even today, many fine Georgian buildings stand in the port area, constructed during its heyday in the mid-eighteenth century. But by the last third of the century, trade to the port had been suffering from the silting-up of the Lune estuary, which led from the Irish Sea three miles inland to Lancaster. The newer, larger ships could not make it through the river up to the port.

Lancaster was a major manufacturer of linen textiles, mostly sailcloth. The firms producing the heavy canvas were owned by “flaxmen,” suppliers of flax, who transformed themselves into manufacturers by fitting up rooms with heavy sailcloth looms and facilities for warp-winding and starching. If shipping ceased in Lancaster, so would the sailcloth trade. Merchants in Lancaster glanced enviously at their counterparts in Liverpool, who were thriving—in great part because of the success of the Leeds-and-Liverpool Canal.1

The Lancastrians first approached James Brindley, who had designed the famous Bridgewater Canal, which brought coal to Manchester from the Duke of Bridgewater’s collieries at Worsley. The first of the great canals, the Bridgewater was an engineering wonder, with its fingers reaching deep into the mine at Worsley, its aqueduct over the Irwell River carrying barges high in the sky, and its destination in Manchester: a tunnel leading the coal right into the center of the city. Ill health forced Brindley to pass the Lancaster job along to his son-in-law, Robert Whitworth. Debates over Whitworth’s plans, and those of his successors, dragged on for almost twenty years.2

Finally, in 1791, impatient merchants and rattled traders petitioned Mayor Edward Suart for a public meeting to decide once and for all whether a link with the Leeds and Liverpool Canal would be pursued. At that meeting, a resolution was passed approving the building of a canal. John Rennie—renowned for fitting out corn mills, for his drainage works in the fens, for building waterworks, docks, and harbors—was asked to submit a plan. His survey differed from the earlier ones by proposing to cross the deep Ribble Valley with a tramway rather than with the canal itself, so the canal would be cut in two sections, north from Preston and south from Clayton, connected by a long bridge passing over the valley. Only the southern part of the Lancaster Canal would connect by water with the Leeds-to-Liverpool waterway. But Lancaster would have its connection to the sea, at nearby Glasson. An act of Parliament was obtained to authorize the new navigation, and work on the canal began late in 1792.
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LESS THAN TWO years later, William Whewell came into the world: on May 24, a birthday he would share with the young princess Victoria when she was born twenty-five years later. As a baby and young boy he was sickly; his parents secretly worried over him, especially when they lost two other infant sons soon afterwards. But he would grow up to be a tall, strapping man, one whose physical vigor became, to many, a symbol of his intellectual strengths.

His parents were John and Elizabeth Whewell, who lived on Brock Street in Lancaster, a short distance to the west of the canal works. Both John and Elizabeth were twenty-five when they married; William arrived a scant nine months later. John Whewell was a house carpenter and joiner with a workshop employing one or two journeymen. The business built houses, including the door frames and window frames, repaired fences, and possibly constructed cabinets as well. His people had come to Lancaster from Bolton, farther north in Lancashire, half a century before.3 John Whewell was admitted by all to be a man of great sense.

Elizabeth Whewell was of the old Lancaster family of Bennisons. An intelligent and cultured woman, Elizabeth published her poems in the Lancaster Gazette, the first local newspaper; she bestowed upon her son a love of reading and writing poetry that he never lost. Elizabeth died in 1807, when William was thirteen. He lost his father in 1816, soon before receiving his fellowship at Trinity College. William would also lose three brothers: not only the two who died in infancy, but also a third, John, with whom William was close. Born in 1803, John died when he was eight years old, soon after William left home for Cambridge. From the letters William sent John from school, it is apparent that John, too, was a boy of uncommon abilities; in what would be his last year he was already writing poetry judged quite fine by William, who nevertheless cautioned him, “I would not have you write so much as to neglect reading.” Already a teacher at heart, William suggested to John that he study history and parts of natural philosophy, as they were “not above your comprehension.”4 William had three sisters. One, Elizabeth, died in 1821; in later life he corresponded frequently with his remaining sisters, Martha and Ann, though they did not see each other often.

No images of William’s parents remain, as is to be expected in this time before photography was invented; only the wealthy or important had portraits made. But we can infer from the numerous engravings, paintings, and photographs of William that his father, like William, was tall and vigorous, and that both parents were handsome. Surely they were pleased with their firstborn, who undoubtedly learned quickly; though, if later personality is any indicator, he was a strong-willed toddler who always wanted to have his way.

During William’s early years Lancaster was overtaken by hundreds of “navvies”—a name originating from a shortening of “navigators”—who descended on the market village from all over England and Ireland to dig the new canal. (The canal workers would give their nautical name to the hordes later brought in to build the railways, even though the railway workers no longer had anything to do with the sea.) These were hard-drinking men with rough ways, frightening to many, tolerated because of the difficult and often dangerous work they alone were willing to do. First, the ground had to be dug out with pickaxes and spades, and carried away by barrows; when lucky, the navvies had horses to help with the pulling. Then the layers of sedimentary rock beneath the soil had to be blasted with gunpowder, often unpredictable in its force. When the deep channel was finally dug out, the most tedious part of the work began: lining the canal with “puddle,” a type of clay kneaded with water. The puddle was spread throughout the dug channel, and then pounded down tight. Sometimes local farmers allowed the navvies to drive their cattle up and down the canal. But often the navvies themselves agonizingly tramped over the puddle, back and forth, for weeks, usually barefooted.

To a young boy the scene would have been almost irresistible: the sound of the gunpowder blasting, the men swearing, the horses complaining; the smell of the earth, the dung, the sweat, the smoke; checking every day to see how much progress had been made—how much deeper was the channel, how much longer the circuit. As William grew, he would often marvel at the ingenuity and engineering skill that had been required to build the bridges linking roads on either side of the canal, so that the waterway could be crossed by foot or with a horse and carriage, and the aqueducts designed to carry barges traveling on the canal over rivers and streams; in the case of the giant Lune Aqueduct, boats were carried sixty-two feet in the air, on a conduit six hundred feet long, traversed by huge pillars supporting five semicircular arches.

There were other changes in Lancaster, no less telling of the times than the new canal. Soon after William was born, a prison was built inside Lancaster Castle for “those who were charged with the crime of poverty,” as a contemporary visitor put it: a debtors’ prison.5 In those days of war with France, slow trade, and high food prices brought on by bad harvests, many families suffered, and it was easy for a man to find himself in debt merely by trying to feed his children. Other, more dangerous felons were put in the new prison as well. The castle’s use as a prison, as well as the courts that were housed within it (which sentenced more people to be hanged than any other court outside London) was also meat for the imagination of a young boy, as well as a warning of what could happen to a man who fell on hard times.

The modern age—with its technological triumphs and its economic tribulations—was present all around William. Yet his future seemed destined to follow a pattern set over centuries: just like any boy of his circumstances for hundreds of years, he was to continue in his father’s trade, and take over his business. Instead, his future swerved off course, in a way no one could have imagined.

AT FIRST, William was sent to the “Blue School” in Lancaster. Blue Schools were charity schools set up in the eighteenth century to educate the children of the working classes; the name referred to the blue uniforms the students often wore. His parents wanted him to know how to read and write, and do sums, and the education at the Blue School was provided for free. He attended school in the mornings and worked with his father in the afternoons. On Sundays, after church, he read the Bible and poetry with his mother. Soon he would leave school to work with his father full-time. William enjoyed carpentry, and had a flair for it, and he did not chafe against this plan.

William’s destiny changed one day in late 1808 or early 1809.6 He was helping his father repair the rail fence separating the backyards of the Owen family and the Reverend Joseph Rowley, the parish curate and headmaster of the local grammar school. William would later become close friends with Richard Owen, ten years his junior, the future comparative anatomist (the one who coined the term dinosaur), and it is Owen’s recollections of that day that preserve the occasion.

“Between noon and two p.m. we left school for dinner, and Mr. Rowley found Whewell’s son in the garden, his father having gone to his dinner,” Owen remembered years later. “He entered into a conversation with the boy, who was … about to be apprenticed to his father, and was struck with his replies to questions as to what he had learnt, and especially in regard to his arithmetic.” When William’s father returned, Mr. Rowley told him his opinion of the boy’s superior abilities, and proposed that he should leave the Blue School and go to the grammar school, which was not free and so was generally reserved for boys from more-prosperous families. Rowley also hinted at the greater opportunities this would offer the young boy.

John Whewell was, understandably, worried about losing William for the carpentry business: “He knows more about parts of my business now than I do, and has a special turn for it,” he protested. (This is how Owen described his response. In Whewell’s Lancaster accent, it would have sounded more like this: “Worrall eye do wit’owt ’em? ’Es reet gradely wit’ a hommer,” or, “What will I do without him? He’s really very good with a hammer.”)7 But out of deference to the clergyman, he agreed to think it over. Mr. Rowley added that he would supply the boy with books, and waive all the fees. John Whewell consented; William went to the grammar school. Forty years later, William said of Rowley that “he was the one main cause of my being sent to college, and of all my subsequent success.”8

William’s move to the grammar school was, as might be imagined, difficult. He was by then a tall, ungainly lad, and because he was behind the others in nearly all subjects, he was put in a class with the younger boys. But the rate at which he mastered both English and Latin grammar was “a marvel.” Before the first year was out, William had moved up into the class of boys his age. His proficiency in and excitement about the subjects did not endear him to the others; the headmaster, seeing how quickly William completed the lessons, gave all the boys more work to do. In the tradition of schoolboys of all time, they threatened him: “Now, Whewell, if you say more than twenty lines of Virgil today, we’ll wallop you!”

But that was easier said than done. Whewell was good with his fists, and not afraid to use them. In later years he would be known for his tough physicality, which masked an inner insecurity about his humble origins. As Owen recalled, “I have seen him, with his back to the churchyard wall, flooring first one, then another, of the ‘walloppers,’ and at last public opinion in the school interposed. ‘Any two of you may take Whewell in a fair stand-up fight, but we won’t have more at him at once.’ After the fate of the first pair, a second was not found willingly.”9

One day in the summer of 1809, Mr. Rowley sent William over to the Bridge Inn, between Lancaster and Kendal, to meet an acquaintance of his—Mr. Hudson, a fellow and tutor of Trinity College—in order to determine what chances of success William would have at Cambridge. We can only imagine the trepidation the fifteen-year-old would feel on making the short journey, knowing as he did how his fate hinged on its outcome. Hudson quizzed the boy on his mathematics, telling him at the end of the meeting, “You’ll do; you’ll be among the first six wranglers,” that is, one of the graduating students with the highest scores on the honors examination.

Attending Cambridge had been the plan all along; there was no point to William’s getting the grammar school education if he were going to work as a carpenter afterwards. Graduating with honors from Cambridge would give him the opportunity to try for a fellowship, which would support him in an extremely comfortable manner, with little labor, as long as he remained unmarried. If he decided to have a family, he could hope for a position as a parish curate, perhaps combined with one of the few professorships available to married men.

But before William could think about attending Cambridge, Rowley had to think of a way for him to pay for it. Although there were no university fees, as there are today, students at Cambridge had numerous expenses. By far the largest was for private tutors. Students needed tutors to teach them what they had to know for the honors examinations; the professors gave few or no lectures, and those they did give were generally unrelated to the topics on the honors exams. Students planning on competing for honors—the first step on the path to a college fellowship, and lifelong security—would hire a tutor for each of the three terms, at £14 to £20 a term, and also for the Long Vacation during the summer, at £30 to £50. So the cost for a tutor could easily run between £70 and £110 a year.10 Later, as a fellow of Trinity and then Master, William would fight for the reduction of private tuition, proposing instead that professors be required to give lectures relevant to the honors examinations.

A student also owed fees to his college, for his room (if one was taken in college) and tuition, as well as buttery bills and smaller charges to cover the work done by the college servants. Additional sums went for meals in restaurants, wine, books, instruments, transportation, and the purchase of eating utensils. If there were no rooms available at the college, which was often the case for first-year Trinity men, a student would have to pay for lodgings in town (though he could still take his dinner and supper in the college hall, and his bread and butter from the college buttery).11 Cambridge students were expected as well to indulge in various social activities: wine parties, breakfast parties, hunting, and trips during the vacations.

Generations of parents worried about these expenses. The father of Thomas Malthus (of “population principle” fame) paid £100 to have his son educated at Jesus College in 1784; he remarked that if it had been any higher, he would have had to send his son to Leipzig, where a university education could be had for only £25. When William’s friend Julius Charles Hare was brought to Trinity by his father, his father told another son that “his tutor … assures me that he may live very well upon £160 a year.”12 The father of another friend, G. B. Airy, future Royal Astronomer, was surprised to learn it would cost £200 a year to send his son to Cambridge. Babbage, whose parents were wealthy, had an allowance of £300 a year from his father while he was at Cambridge.13 Some students went into debt even with allowances of £1,500. These expenses varied, of course, but were far out of the reach of William’s father.

The Whewells were not poor, and John Whewell would have been considered a skilled worker rather than a daily laborer. Setting up shop as a carpenter required a period of apprenticeship, which meant that his family could do without his labor when he was an adolescent.14 Whewell was a master carpenter, moreover, who employed others to work under his direction. Nevertheless, John Whewell did not earn enough to pay for the cost of a Cambridge education. In 1799 an income tax was instituted on families with incomes over £50, in order to help pay for the ongoing war with France. The next year, only 15 percent of all British families paid taxes.15 The income of a master carpenter, no matter how successful, would not be in the top 15 percent of British families; those earning more would include at least the gentry with income from their lands and investments, professionals such as lawyers, doctors, bankers, merchants, university professors, factory owners, many clergymen, and even senior clerks. So we can assume that John Whewell did not earn even £50 a year—less than the cost of a Cambridge tutor for one year.

Although the required expenses rendered Cambridge, generally speaking, a stronghold of privilege for boys from wealthier families, there was a way for students of more modest means to enter. These were in the form of “open exhibitions,” or scholarships awarded by examination. Often an exhibition was the “gift” of a local member of the gentry to boys in his parish. Rowley knew that the Wilson family, of Dalham Tower in Westmorland, had an exhibition to Trinity worth almost £50 a year. On the basis of Hudson’s very positive assessment, Mr. Wilson agreed to Rowley’s request that William be accepted as a candidate for the exhibition, “should no parishioner [a local boy] apply,” but required that he first reside for two years at the Heversham school, which was in the parish. Accordingly, William spent 1810 and 1811 at the school, most likely boarding in town, as it would have been cheaper than living at the school.16 At the end of his time there, the schoolmaster died, and William, at seventeen, was asked by the trustees to take over the school until a new master could be found.

William did win the Wilson family exhibition. Yet, as evident from the sums quoted above, it would have been nearly impossible to survive at Cambridge on £50, especially if one were going to try for the honors exam. The locals took up a drive and donated money for William’s first year in a “public subscription.” With just a shilling or two here and there, and more from the wealthy families, Lancaster supported its own rising star. His father contributed what he could. But William still needed to worry constantly about money, and he did.

William traveled to Cambridge in October 1811, to enter his name on the rolls of Trinity College. He had never journeyed so far from home. In the days before the railroad, the trip to Cambridge from Lancaster was long, dusty, and bone-shaking. It began at eight o’clock on a Friday morning and, after incessant traveling—which meant sleeping on the rocking and swaying carriage—was not complete until Sunday at 1:00 a.m. William wrote his father from Cambridge, “The journey hither has cost me above 6 guineas. I may perhaps go back for less, as I shall go by Leeds”—an even longer trip.17 (A guinea was a coin worth 21 shillings, or £1 and 1 shilling, so the cost of the trip was £6 and 6 shillings.)

Before he “went up” to Cambridge to stay in the fall of 1812, William was tutored in mathematics by Mr. Gough, the blind mathematician of Kendal, made famous a few years later by Wordsworth’s lines about him in The Excursion:


The frame of the whole countenance alive with thought

Fancy, and understanding; while the voice

Discoursed of natural or moral truth

With eloquence, and such authentic power,

That, in his presence, humbler knowledge stood

Abashed.…18



In May, William wrote his father to update him on his progress: “I attend Mr. Gough at the hours I named to you, and hope I am making tolerable progress. I have reviewed algebra, trigonometry, and other branches … and am now reading conic sections, fluxions, and mechanics.”19 He would be well prepared for Cambridge. After veering so radically from its intended course, William Whewell’s life now ran smoothly, onward, to Cambridge, and to the future, just as the Lancaster Canal, veering from its path at Glasson, reached into the sea.


2
PHILOSOPHICAL BREAKFASTS

IN 1841 WHEWELL, NEWLY APPOINTED MASTER OF TRINITY COLLEGE, opened a letter that brought him back to his university days, when he and his closest friends decided they would change the world. “We have all made some advances in mere physical science,” Thomas Forster reminded him, “but in metaphysics, as far at least as I am concerned, I am not conscious of having advanced one single step, since the period when you and I and Herschel and Babbage used to meet at our Sunday morning’s philosophical breakfasts.”1

Meeting Herschel, Babbage, and another member of the breakfast club, Richard Jones, had been a turning point in Whewell’s life. When he first arrived at Cambridge, Whewell could not have anticipated how much these friendships would change his life, or how much he and his friends would transform the practice of science.

He found a university made up of separate colleges, each with its own set of turreted buildings and its own unique history, situated within a small, medieval town over which the university ruled like a feudal master. Proctors and their subordinates called “bulldogs” roamed the narrow and winding alleys of the town, seeking out students who were about to miss the nighttime curfew, who were not wearing proper academic dress, or who were being entertained by “Cyprians,” as the town’s prostitutes were called.2 Ever since Elizabethan times the university proctors had the right to enter private homes if they suspected a prostitute was within the walls, and the further permission to arrest and imprison her. Prostitutes were known to haunt the areas of the town called Castle End and Barnwell, and to these spots the proctors often went to seek their young charges.

Students, in their black robes and square tasseled caps, if they were scholarship students or regular “pensioners,” or in their togas with elaborate golden embroidery and hats if they were “noblemen” or noble-born “fellow-commoners,” also roamed the town, especially at night: meeting the Cyprians, “making love” to the local girls (often in the sequestered spot near Queen’s Gate, where they risked having slops thrown on them by the students in the rooms above), drinking at the public houses, or going to dinner parties hosted by students living in lodgings outside the college walls. Wine flowed freely at these parties. One night during Whewell’s time, a student staggering drunkenly back from a dinner party in Bridge Street fell into a ditch at the side of the road; he was found the next day, dead of exposure. This episode led to a series of pamphlets calling for the university to crack down on student drinking, which it tried unsuccessfully to do, in part by requiring prior notification of all dinner and supper parties, and by insisting that local wine merchants submit their bills directly to a student’s tutor.3

Not much could be done on this front: drinking was one of the major pastimes of students, especially those who were not spending their days studying hard for the honors exam (called the “Tripos,” perhaps from the three-legged stools on which candidates used to sit). It was a popular prank for students to try to make each other drunk before the mandatory evening chapel service; one Trinity College man at the time described the scene in the chapel as being “effervescent,” filled with drunk and giggling men. The dons could not exert too much moral suasion, as they were often drunk themselves; Whewell’s friend John Romilly later recorded that at one dinner party of “13 select” fellows, fourteen bottles of champagne were consumed.

Even the college curfew could be avoided. Gates closed at 10:00 p.m., but students could enter before midnight by paying a small fine. After midnight it was, as one student said, better to stay out all night and bribe the bedmaker the next morning “not to peach.”4

Whewell’s college, Trinity, had been founded in the last year of the reign of Henry VIII. In 1546 a crisis threatened the existing colleges: Peterhouse, Clare, Pembroke, Gonville, Trinity Hall, Corpus Christi, Kings’, Queens’, St. Catherine’s, Jesus, St. John’s, Christ’s, and Magdalene. Greedy courtiers were urging the king to dissolve the colleges and appropriate their wealth, as he had already done to the Catholic monasteries in England, Wales, and Ireland. Before taking such a step, the king commissioned an investigation of the colleges; the report turned out to be so favorable that Henry declared that “he had not in his realm so many persons so honestly maintained in living by so little land and rent.” Henry’s sixth (and last) wife, Catherine Parr, persuaded her husband not only to spare the colleges, but to found a new, more magnificent one. Henry brought together two older colleges, King’s Hall and Michaelhouse, and added land and tithes (taxes paid to clergy) recently taken from the monks. Trinity College was to fly the royal standard, and unlike any of the other colleges, its master was to be appointed by the crown.5

By the time Whewell entered, Trinity was the most powerful of the colleges, as well as the richest, renowned for the excellence of its food and ale as much as for its scholarship. Past members included Isaac Newton and Francis Bacon. Recently, Lord Byron, the rising poetical and political star (he had just given a well-received speech on reform at the House of Lords), had studied at Trinity. Because students were forbidden to keep dogs as pets in college, Byron had famously kept a bear on a leash; he periodically threatened to have “Bruin” sit for the fellowship examination, predicting the bear would do as well as any recent graduate.6

When Whewell first entered the Great Gate at the entrance to Trinity, he would have marveled at the row of medieval buildings to the north, originally built for King’s Hall in 1337. The square Great Court was formed by connecting this row to three newer sides constructed in the late sixteenth century. A massive stone fountain, where students had once washed, stood in the center of the lawn. To the right was the college chapel, where Whewell and the fellows and undergraduates would be summoned each morning at seven to matins, and again in the evenings. Roubiliac’s famous statue of Newton reigned in the antechapel. Little could Whewell imagine that one day his likeness would face a statue of Francis Bacon under the watchful eye of Roubiliac’s Newton. Straight ahead was the Master’s Lodge, with its Gothic bay windows and ivy-covered walls, which he would one day call home. Next to the Master’s Lodge, Whewell would see the Hall’s rooftop lantern and its imposing polygonal oriel windows, projecting from an upper floor and supported from below with corbels, or brackets.

From the inside, the Hall was even more intimidating. Built to hold four hundred to five hundred men, the Hall had east and west oriel windows facing the two courts (the Great Court on one side, and Neville’s Court on the other), tiers of arches decorating the rafters, elaborate woodwork on the Minstrel’s Gallery, and paneling above the dais at the north end. On this paneling hung huge, life-sized portraits of Newton, Bacon, and Isaac Barrow, the scientific luminaries of the college. Under those portraits sat the dons and the noblemen and fellow-commoners (wealthy undergraduates who paid extra to dine with the fellows) at a long table known as the High Table. Along the left-hand wall was another long table for the B.A. gentlemen (those who had already gained their undergraduate degrees) and one for the scholarship students. In the middle was a table for the pensioners, the students from non-noble families who were not on scholarships. A student from this class of men complained that all tables except for that of the pensioners were well provided for; the scholarship students ate better than the pensioners, he grumbled. On feast days, though, he conceded, even the pensioners ate well: cod, bullock, pies, puddings, jellies, blancmange, and trifle, “excellently well … whipped,” and pints and pints of the best ale.7

Passing the Hall, Whewell found the elegant Italianate cloister known as Neville’s Court, formed by porticos under the buildings on two sides, and the seventeenth-century library designed by Sir Christopher Wren on the third (the east side is bounded by the Hall). From the back gate an avenue of lime trees extended down to the river; this lovely shaded path was immortalized years later by Alfred, Lord Tennyson in his In Memoriam, commemorating his student days at Trinity with his beloved friend A. H. Hallam (“Up that long walk of limes I past / to see the rooms in which he dwelt”). Whewell would later have rooms overlooking the lime tree avenue, rooms that he boasted had the most beautiful view of all the college accommodations.

The Wren library itself was, and still is, an architectural jewel. From the outside the building appears to be two stories of equal height. But because the floor of the library rests halfway down the lower story, the interior soars. The architect himself designed the tall bookshelves that traverse both sides of the library, framing the checkerboard pattern of the black-and-white marble floor. Busts of Trinity men, including Newton and Bacon, sit on pedestals at head height, while busts of great classical and modern authors line the tops of the shelves, forming a dual parade of luminaries. At the far end is a stained-glass window, added in the 1770s, representing a half-naked lady (said to be Britannica) anachronistically introducing the long-dead Newton to George III, while Bacon even more anachronistically sits nearby. Later, as vice-chancellor of the university, Whewell would cover up the stained glass with a curtain, whether for reasons of offended modesty or offended historical sensibility no one knows for sure.

Whewell entered Trinity as a “sub-sizar.” These men, in exchange for reduced college fees, had to serve the other men dinner in the Hall, and ate the leavings of the High Table. (At least he was spared the more menial tasks given to sub-sizars the century before, including emptying the chamber pots of the wealthier students!) Others recognized Whewell’s humble origins. Even when he died in the Master’s Lodge nearly fifty-four years later, he would be remembered as having entered Cambridge as “a tall, ungainly youth, with grey worsted stockings and country-made shoes.”8 Another obituary writer could not resist recounting how, one day in Whewell’s first year, “lounging at the College gate, he saw a herd of swine driven by, and soliloquized as follows, ‘they’re a hard thing to drive—very—when there’s many of them—is a pig.’ ”9 A proud and strong-willed boy, Whewell felt the sting in his position. But he worked hard, studying with his tutor Mr. Hudson—the same Hudson who had examined him at the Bridge Inn two years earlier. Whewell was preparing for a scholarship examination, which would lift him up in stature and provide him with some extra income, as well as qualify him to sit for a fellowship examination after his graduation. Lectures filled some of the time. He wrote his father, “We attend lectures on algebra, Euclid, and trigonometry from nine o’clock till ten, and from ten to eleven we are lectured in an oration of Demosthenes. From twelve to one I attend lectures in divinity on three days in the week.”10

Like most first-year Trinity men, he lived in lodgings in the town, as the college did not have room to accommodate everyone (only about one hundred out of 354 fellows, graduates studying for fellowship examinations, and undergraduates could be housed in college). Whewell spent much of his time in his bedroom and sitting room over a millinery shop, where he was the only lodger and took all his meals “entirely by himself,” except for dinner, which he ate in the college Hall.11 Dinner was at two thirty, and both dons and students were expected to dress for it in knee breeches and stockings under their robes or togas.12

At first Whewell did not love Cambridge the way he later came to do. He told his aunt how much he missed Lancaster’s hills and rivers, complaining that “the ground about Cambridge is so flat and dull that it is quite disagreeable. Not one pleasant walk is here up-hill or down-hill, no water but the narrow dirty Cam.” He admitted “the splendour and elegance of the buildings,” but growled that “these soon grow tiresome, and their sameness but ill compensates for the want of beauties of nature.”13

He worried about money, reporting all his expenses to his father, explaining why each was necessary. “It will not be until I have taken my degree that I shall be able to alleviate the great expenses which you now sustain,” he admitted. “But I shall at least endeavour to have as few superfluous expenses as possible.”14 Later he justified the high cost of Newton’s Philosophiae Naturalis Principia Mathematica, a required book for the Tripos exams, by saying that “I should unavoidably have to get [it] sooner or later.”15 To his father the £9 must have seemed a princely sum.

Whewell lived carefully to keep the expenses down. Not for him the pleasures of all-night drinking revels, long rides on fine horses, shooting parties, hours spent reading newspapers and gossiping in the newly popular coffee shops. Instead, in his second year, Whewell took on a pupil to tutor, to make extra money.

Yet there were some pleasures to be had for Whewell. He found, to his slight surprise, that he was something of a ladies’ man. Although certain wags at the university would mock him for his strong Lancaster accent, women seemed to find it charming. His robust frame, his large eyes and well-formed nose, found their way into the hearts of many. Later his friends would joke with him about the effect he had on women. Even his prim late-Victorian biographer would note cryptically of Whewell’s early days at Cambridge that “some of Mr. Whewell’s friends … were of a less studious turn … and tradition still records the name of one in whose company not a little of his time was supposed to have been wasted.” Unfortunately, history no longer records her name, but it was most probably a local girl, perhaps one named Marianne, who was mentioned in several letters between Whewell and his friend Julius Hare. Portions of one of their letters about Marianne were censored by someone with thick, dark paper and a strong glue that holds fast yet today; later in life Whewell, thinking of his epistolary legacy, may have found the youthful discussion too salacious for public consumption.16 Local families with daughters of marriageable age would often entertain the students, inviting them for teas, dinners, and dances, hoping that their daughters might capture the heart of a future parish priest or professor. Men like Whewell, who hoped to get fellowships, had to resist, since fellows were required to remain unmarried.

A holdover from the Middle Ages, when fellows of the colleges were often monks or friars, this celibacy requirement persisted until the end of the nineteenth century. Even after the Reformation, when Anglican clergy could be married, it was felt that the “fellowship” of college life required keeping out the distractions of wives and children. Some fellows secretly kept families hidden away in neighboring towns such as Huntingdon. Some were “otherwise accommodated,” as the historian G. M. Trevelyan dryly put it—the thriving prostitution business in Cambridge serviced not only the students but the fellows as well.17

Whewell reveled in his recognition that he was surrounded by the “best and the brightest.” The professors of the university included E. D. Clarke, the wildly popular professor of mineralogy, whose lecture hall was crammed with hundreds of eager students; Isaac Milner, the Lucasian Professor of Mathematics who, although he never lectured in the subject, was still renowned for his result in the Tripos exams years before: the examiners had thrillingly described his performances as “Incomparibilis”; and Francis Wollaston, Jacksonian Professor of Natural Philosophy, who publicly demonstrated more than three hundred experiments a year. The Chemistry professor was Smithson Tennant, discoverer of the element osmium, later used in the manufacture of fountain-pen tips and phonograph needles.

Even more than the faculty, the students and fellows were men of growing reputation who would soon remake the scientific, political, and literary worlds. Whewell befriended George Peacock, the reforming mathematician who would later be appointed dean of Ely Cathedral, and Julius Charles Hare, the theologian and scholar of German literature and history, who would bring the study of German language and scholarly methods into vogue in England. Whewell became close friends with the future astronomer Richard Sheepshanks and with Richard Gwatkin, a young mathematician who would later be reckoned the finest private tutor at Cambridge. Whewell met and befriended Adam Sedgwick, then a fellow of Trinity, soon to be considered one of the founders of modern geology. But the most important of his new acquaintances were those men he later called “friends of a lifetime”: John Herschel, Charles Babbage, and Richard Jones.

In February of 1813 Whewell reported excitedly to his father that he had “been several times in company” with John Herschel, “son of Dr. Herschel, the celebrated Astronomer Royal.” Herschel was three years ahead of Whewell, a student of St. John’s College, the fierce rival and next-door neighbor of Trinity. Trinity men called the Johnians “pigs” or “hogs,” meaning “gluttons,” after Horace’s self-deprecating comment that he was “epicuri de grege porcum,” a pig from the herd of Epicurus; the men from the two colleges regularly fought with clubs and fists. But once Whewell and Herschel met in late 1812 through Herschel’s close friend John Whittaker, they recognized each other as intellectual soul mates. Herschel presented him to Charles Babbage, whose wit and hearty, ringing laugh appealed to the younger man. Around the same time, Whewell was introduced to Richard Jones by Charles Bromhead at Caius College, elder brother to Edward Bromhead, a Trinity man in Whewell’s year.

Herschel and Babbage had become acquainted in 1810, soon after Babbage came up to Cambridge; Herschel was a second-year man by then. They quickly became fast friends; within two years Herschel was signing summer letters to Babbage with “yours till death / shall stop my breath.” Both were from well-off families. Herschel had the additional accoutrement of a famous father, the astronomer Frederick William Herschel (known as William), discoverer of the planet Uranus.

The elder Herschel was the son of an army musician in Hanover, Germany, who adopted the same profession as his father when he was fourteen. In 1758 William Herschel came to England, a penniless refugee of the Seven Years’ War. He eked out a small living as a musical copyist and instructor to a small military band in the north of England. In 1766 William Herschel was appointed to the post of organist at Bath Spa.

The springs at Bath Spa had been considered medicinal for hundreds of years. In the sixteenth and seventeenth centuries, the ill or depressed would come to sit, wearing coarse smocks, in the iron-rich water. In the eighteenth century this cure was modified to the more socially appealing one of drinking a glass or two of the water each day. Now the wealthy would come to socialize, attend balls and dinners, and “take the waters” during a social season that extended from September to May. Bath had the largest entertainment market outside London, with a lively concert schedule.18 William Herschel eventually had so many wealthy private pupils among the visitors and residents that more than twenty recitals a year were needed just to display their talents.

Busy as he was, Herschel began to read works on astronomy, and longed to have a telescope of his own. He resolved to make one, painstakingly grinding his own eyepieces. Finally he had a seven-foot reflecting or Newtonian telescope, that is, one with a curved optical mirror to reflect the image from the heavens. He began to examine the skies late at night, after his concerts had ended. On March 13, 1781, he observed an object not on any celestial chart. Assuming it was a new comet, he wrote a short notice for the Transactions of the Royal Society of London, a publication read by men of science all over the world. The famous French astronomer Pierre-Simon Laplace realized that Herschel had, in fact, found a new planet, which would become known as Uranus. This was amazing. Since antiquity it had been assumed that the planets that could be seen with the naked eye (Mercury, Venus, Mars, Jupiter, and Saturn)—plus Earth, once Copernicus realized it was a planet as well—were the only ones orbiting our sun. Herschel was the first discoverer of a new planet.

This striking accomplishment gained Herschel an appointment as the king’s personal astronomer at Windsor Castle. He and his sister, Caroline, who had been helping him with his observations, moved to Slough, then a small village near Windsor. Herschel was given an income of £200, and Caroline, notably, her own income of £50, by King George III. They undertook the construction of a huge telescope with a focal length of forty feet and a main mirror forty-eight inches in diameter, weighing over 2,000 pounds. Until dismantled by John Herschel in 1839, this would be the largest reflecting telescope in the world, the first to extend observations beyond our solar system.

While the ironworks for the motions of the telescope were being fitted, it became a fashion for visitors to use the huge empty tube, then lying on the ground, as a promenade. One day George III and the Archbishop of Canterbury were walking inside; when the archbishop became disconcerted due to the darkness, the king, who was in front, turned back and said, “Come, my lord bishop, I will show you the way to heaven.”19

When the works were completed, the telescope became one of the scientific wonders of the age. Even Franz Joseph Haydn visited Herschel while in England and spent an evening looking through the telescope and discussing music; Haydn had already shown an interest in astronomy some years earlier when he wrote the opera Il Mondo della Luna, in which Ecclitico poses as an astronomer in order to win the hand of the beautiful Clarice—in the process fooling people into believing that he has used a telescope so strong that he could see men on the moon!20 When Haydn returned to Europe, he publicized Herschel’s symphonies, which the musician/astronomer had composed between 1759 and 1770.21

Ladders fifty feet in length led up to a movable podium, where the observer sat. The whole mechanism stood on a revolving platform. Two workmen would move the platform slowly to follow the diurnal course of the heavens. This remarkable telescope had a magnifying power of one thousand times. But in England’s climate it could only be used about one hundred hours a year; its large mirror was prone to be dewed up in damp weather or frozen in cold weather.22 William Herschel used it to describe accurately, for the first time, the Milky Way, and to find two new satellites of Saturn.

In 1788 Herschel married Mary Pitt, née Baldwin, the widow of a wealthy London merchant. William was then fifty, and Mary thirty-eight. After four years, John was born, on March 7, 1792. He would have no siblings, and was doted on by both parents. He was also quite close to his aunt Caroline, who had moved out of William’s house when he married, to a small cottage nearby. John inherited his father’s and aunt’s musical skills, and music was an important part of his entire life. It would later be said that “the Herschels were a musical family; music was their vocation, science was their recreation.”23 But John found his “recreation” early: Caroline later wrote that “many a half or whole holiday [John] was allowed to spend with me was dedicated to making experiments in chemistry, where generally all boxes, tops of tea-canisters, pepper-boxes, teacups, etc., served for the necessary vessels and the sand tub furnished the matter to be analysed. I only had to take care to exclude water, which would have produced havoc on my carpet.”24 Although John would later say that “light was my first love,” it seems more the case that his heart was lost first to chemistry.

Just before he was eight, his parents sent John to Eton, only a mile away from Slough on the highway to Windsor. But one day, while visiting, Mary saw John knocked down by an older boy, and she withdrew him from the school straightaway. He entered instead a school run by his father’s friend Dr. Gretton at Hitcham, a village in the neighborhood of Slough, where his mother could keep a watchful eye on him. There he mostly studied classics—ancient Greek and Roman history and literature. John’s parents engaged a private tutor, a Scottish mathematician named Rogers, to teach him science, modern languages, literature, music, and mathematics.25 By the time he went up to Cambridge, John could speak German, French, and Italian, and knew Latin and Greek.

His formal education was supplemented by watching his father and aunt in their astronomical labors, and by travel; before he reached the university, John had already taken carriage trips with his family throughout England, Wales, and Scotland, and had even gone across the Channel to Paris, where the famous astronomer and his family were entertained by Napoleon Bonaparte.

He went up to St. John’s in 1809, uncertain of his future plans. Soon after, a friend of the family told John that he would one day rival Isaac Newton in greatness.26 He initially fought against the idea of following Newton and his father into astronomy, but in the end he found himself doing just that. The immense forty-foot telescope, which loomed above his childhood, would soon point the way to his own fame.

HERSCHEL WOULD OFTEN confide his doubts about the future to Charles Babbage. Like John, Charles came from a privileged background. Charles was born on December 26, 1791, in Walworth, Surrey, a hamlet within walking distance across London Bridge from the City, where his father was a partner in the banking firm Praed, Mackworth and Babbage. Both his father, Benjamin, and his mother, Elizabeth (Betty) Plumleigh Teape, were from old Devonshire families, in the countryside surrounding Totnes and Teignmouth on the southern coast of England. When Charles was fifteen, his father retired and bought a house in Teignmouth; Charles lived there until he left for Cambridge.27

Charles had two brothers, both of whom died young, and a sister, Mary Ann, with whom he remained close all his life. Babbage was sickly in his youth, and as a result his schooling was intermittent at best. For a short time, when he was older and stronger, he was sent to the academy of the Reverend Stephen Freeman, in Enfield, Middlesex, where he studied mathematics and ignored classical studies, which were not of interest to him. As he later boasted, the young Babbage mostly taught himself.

Babbage was always fascinated by mechanical things. As a child, he would take apart his toys to find out what was inside them, and how they worked. One day his mother took him to an exhibit of mechanical wonders in Hanover Square put on by a man named Merlin. Such exhibits were common at the time. The novelist Fanny Burney—mother of Babbage’s Cambridge friend Alexander D’Arblay—described the protagonists of her Evelina visiting an exhibition much like this one, seeing a metal peacock that spread its tail every hour, a swan that “swam” across a mirrored pond, and a pineapple that opened to reveal a nest of singing birds.28 Reading this novel after meeting Alexander would have struck a chord with Babbage, as he vividly remembered his visit to Merlin’s exhibition for the rest of his life. He recalled that Merlin, noticing the boy’s evident precociousness, took him up to his workshop. There Babbage and his mother were shown two silver figurines, each about one foot high. One of these appeared to walk or glide back and forth over a surface about four feet in diameter, raising an eyeglass to her face and bowing frequently. Babbage remembered her as being “graceful” in her motions. But he was most struck by the second figure
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