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“Let Newton Be”





IN EARLY FEBRUARY 1699, a middle-ranking government official found himself a quiet corner of the Dogg pub. He was dressed appropriately. After almost three years on the job, he knew better than to dress for the Royal Society when he wished to pass unremarked in Holborn or Westminster.


The pub was, he hoped, a place where two men could speak discreetly. Big as London was, it could still be a very small town. Men employed in a given trade — legitimate or otherwise — tended to know one another.


The man he awaited came in. His companions would have had to hang back, keeping an eye on their charge from a distance.The newcomer knew the rules — as he should — given his current address: Newgate Jail.


The jailbird sat and started to speak.


There was someone, he said, he had been getting close to, a man who liked to talk. That man was cagey, and smart enough not to trust entirely those with whom he spoke — naturally enough given the nature of his companions, who, like him, were all awaiting trial. But after weeks and months in the cells, staring at the same faces, the monotony of prison life had got to him, and there was not much else to do but talk.


The official listened, increasingly impatient. What had the cellmate said? Did the informer have anything really worth hearing? 


No, not quite … perhaps. There was a tool, an engraved plate — you know?


The official knew.


It was hidden, the informer said — of course, for that was what he had been placed in the cell to learn: not just that the plate was hidden, but where.


It was not necessary to remind the jailbird that he lived or died at the official’s choice.


The plate is hidden, the informer said, inside a wall or a hollow at one of the houses William Chaloner had last used for a run of counterfeit cash.


Which one?


He didn’t know, but Chaloner had boasted that “it was never lookt for in such vacan[t] places.”


The detective swallowed his irritation. He already knew that Chaloner was no fool. What he wanted now was something he could get his hands on.


The jailers picked up the hint. It was time to return their charge to Newgate, with orders to do better.


When they were gone, the other man left the pub on his own. He made his way back into the heart of the city, entering the Tower of London through the main west gate.


He turned left and crossed into the precincts of the Royal Mint. There he returned to his usual routine, interrogating another witness, reading over depositions, checking the confessions to be signed.


It was all part of the job, to weave a chain of evidence strong enough to hang William Chaloner — or any counterfeiter whom Isaac Newton, Warden of the Royal Mint, could discover.




 





Isaac Newton? The founder of modern science; the man recognized by his contemporaries — and ever since — as the greatest natural philosopher the world has ever seen? What had the man who had brought order to the cosmos to do with crime and punishment, the flash world of London’s gin houses and tenements, bad money and worse faith?


Isaac Newton’s first career, the only one most people remember, lasted thirty-five years. Throughout that period, he was a seemingly permanent fixture at Trinity College, Cambridge — first as a student, next as a fellow, and finally as Lucasian Professor of Mathematics. But in 1696 Newton came to London to take up the post of Warden of the Royal Mint. By law and tradition, the position required him to protect the King’s currency, which meant that he was supposed to deter or capture anyone who dared to clip or counterfeit it. In practice, that made him a policeman — or rather, a criminal investigator, interrogator, and prosecutor rolled into one.


A more surprising candidate for the job would be hard to imagine. Newton, in both popular memory and the hagiography of his own time, did not get his hands dirty. He did not so much live as think — and he thought in realms far above those reached by ordinary minds. Alexander Pope captured contemporary sentiment about him in a famous couplet:






Nature and Nature’s laws lay hid in night:


God said, Let Newton be! and all was light.








Newton lived, or was imagined to live, beyond the passions and chaos of daily life. It did not take long for his successors to canonize him as a saint in the transforming church of reason. It was no accident that on a 1766 visit to London, Benjamin Franklin commissioned a portrait of himself that shows him sitting at a desk, studying, while a bust of Newton watches over him.


Yet despite having no training or experience or evident interest in the management of men or things, Newton excelled as Warden of the Mint. He tracked, arrested, and prosecuted dozens of coiners and counterfeiters during the four years of his tenure. He knew — or rather, he learned very quickly — how to tangle his opponents in intricately woven webs of evidence, careless conversation, and betrayal. London’s underworld had never confronted anyone like him, and most of its members were utterly unprepared to do battle with the most disciplined mind in Europe.




 





Most, but not all. In William Chaloner Newton found an adversary capable of challenging his own formidable intelligence. Chaloner was no petty criminal. His claimed production of thirty thousand pounds in counterfeit money represented a true fortune — as much as four million pounds in today’s currency. He was literate enough to submit pamphlets on finance and the craft of manufacturing coins to Parliament and cunning enough to avoid prosecution for at least six years of a very ambitious criminal career. He was ferocious to a fault, with at least two deaths to his credit, and a profit made from each. Most of all, he was bold. He accused the new Warden of incompetence, even alleged fraud in his management of the Mint. Thus joined, the battle between them raged for more than two years. Before it was over, Newton had made of his pursuit of Chaloner a masterpiece of empirical research. And as he did so he revealed a persona at once less familiar and more coherent, more truly human than the Newton of the hagiographies — a man who not only propelled the transformation in ideas called the scientific revolution but who, along with his contemporaries, lived, thought, and felt them, day in and day out.


That transformation happened both within and to Isaac Newton. To become the man who could run the infamous Chaloner to ground, Newton had to master the habits of mind required for the task. That process, the making of perhaps the most unlikely detective on record, can be dated to the day a young man walked through the gates of a small town in Lincolnshire to further his education.
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Learning to Think
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“Except God”





 JUNE 4, 1661, CAMBRIDGE.


The tower of Great St. Mary’s catches what daylight remains as a young man passes the town boundaries. He has come about sixty miles, almost certainly on foot (his meticulously kept accounts show no bills paid to livery stables). The journey from rural Lincolnshire to the university has taken him three days. The walls of the colleges shadow Trumpington Street and King’s Way, but at this late hour, Trinity College is closed to visitors.


The young man sleeps that night at an inn, and the next morning he pays eight pence for the carriage ride to the college. A few minutes later, he passes beneath the Gothic arch of Trinity’s Great Gate and presents himself to college officials for the usual examination. Their scrutiny does not take long. The records of the College of the Holy and Undivided Trinity for June 5, 1661, register that one Isaac Newton has been admitted into its company.


On its face, Newton’s entrance to Trinity could not have been more ordinary. He must have seemed to be yet another example of a familiar type, a bright farm youth come to university with the aim of rising in the world. This much is true: now nineteen, Newton was indeed country-bred, but by the time he set foot in Trinity’s Great Court it was apparent that he was deeply unsuited for rural life. And he would prove to be a student unlike any the college had ever encountered.
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Nothing in his beginnings suggested any such promise. On Christmas Day, 1642, Hannah Newton gave birth to a son, who was so premature that his nurse recalled that at birth he could fit into a quart jug. The family waited a week to christen him with the name of his father, dead for three months.


The infant Isaac was at least reasonably well off. His father had left an adequate landholding, including a farm whose owner enjoyed the grand title of Lord of the Manor of Woolsthorpe. For the time being, however, the inheritance fell to baby Isaac’s mother, who was soon able to remarry up. Hannah’s second husband, a local clergyman named Barnabas Smith, had a church living, a considerable estate, and admirable energy for a man of sixty-three; he would produce three children with his new wife over the next eight years. There was, it seemed, no place for an inconvenient toddler in such a vigorous marriage. A little more than two years old, Newton was abandoned to the care of his grandmother.


Of necessity, the child Newton learned how to live within his own head. Psychoanalysis at a distance of centuries is a fool’s game, but it is a matter of record that, with one possible exception, the adult Newton never permitted himself real emotional dependence on another human being. In the event, his upbringing did not dull his brain. He left his home and village when he was twelve, moving a few miles to the market town of Grantham to begin grammar school. Almost immediately it became obvious that his intelligence was of a different order from that of his classmates. The basic curriculum — Latin and theology — barely troubled him. Contemporaries recalled that when, from time to time, “dull boys were now & then put over him in form,” he simply roused himself briefly “& such was his capacity that he could soon doe it & outstrip them when he pleas’d.”


In between such interruptions, Newton pleased himself. He drew eagerly, fantastically, covering his rented room with images of “birdes beasts men & ships,” figures that included copied portraits of King Charles I and John Donne. He was fascinated by mechanical inventions, and he was good with tools. He built water mills for his own amusement and dolls’ furniture for the daughter of his landlord. Time fascinated him: he designed and constructed a water clock, and made sundials so accurate that his family and neighbors came to rely on “Isaac’s dials” to measure their days.


Such glimpses of an eager, practical intelligence come from a handful of anecdotes collected just after Newton’s death, some seventy years after the event. A closer look can be gained in the notebooks he kept, the first surviving one dating to 1659. In tiny handwriting (paper was precious) Newton recorded his thoughts, questions, and ideas. In that earliest volume he wrote down methods to make inks and mix pigments, including “a colour for dead corpes.” He described a technique “to make birds drunk” and how to preserve raw meat (“Immers it in a well stopt vessel under spirits of wine” — with the hopeful postscript “from whose tast perhaps it may be freed by water”). He proposed a perpetual motion machine, along with a dubious remedy for the plague: “Take a good dose of the powder of ripe Ivie berrys. After that the aforesd juice of horse dung.” He became a pack rat of knowledge, filling page after page with a catalogue of more than two thousand nouns: “Anguish. Apoplexie…. Bedticke. Bodkin. Boghouse…. Statesman. Seducer…. Stoick. Sceptick.”


The notebook contains other lists as well — a phonetic chart of vowel sounds, a table of star positions. Fact upon fact, his own observations, extracts cribbed from other books, his attention swerving from “A remedy for Ague” (it turns on the image of Jesus trembling before the cross) to astronomical observations. The mind emerging on the pages is one that seeks to master all the apparent confusion of the world, to bring order where none was then apparent.


At sixteen, though, Newton had no idea how to reconcile his abilities to his place in life. An exercise notebook from his school days provides a glimpse of real misery. It is a unique document, the purest expression of despair Newton ever committed to paper. He sorrows for “A little fellow; My poore help.” He asks: “What imployment is he fit for? What is hee good for?” — and offers no answer. He rails, “No man understands me,” and then, at the last, he collapses: “What will become of me. I will make an end. I cannot but weepe. I know not what to do.”


Newton wept, but his mother demanded her due. If Isaac had exhausted what his schoolmaster could teach him, then it was time to come home and get back to what should have been his life’s work: tending sheep and raising grain.


Let the record show that Isaac Newton made a miserable farmer. He simply refused to play the part. Sent to market, he and a servant would stable their horses at the Saracen’s Head in Grantham and then Newton would disappear, making a beeline for the cache of books at his former landlord’s house. Or “he would stop by the way between home & Grantham & lye under a hedg studying whilst the man went to town & did the business.” On his own land he paid no more attention to his duties. Instead, he “contrived water wheels and dams” and “many other Hydrostatick experiments which he would often be so intent upon as to forget his dinner.” If his mother gave him orders — to watch the sheep, “or upon any other rural employment” — as often as not Newton ignored her. Rather, “his chief delight was to sit under a tree with a book in his hands.” Meanwhile, the flock wandered off or the pigs nosed into his neighbors’ grain.


Hannah’s attempt to break Newton to rural harness lasted nine months. He owed his escape to two men: his uncle, a clergyman and a graduate of Cambridge, and his former schoolmaster, William Stokes, who pleaded with Newton’s mother to send her son to university. Hannah relented only when Stokes promised to pay the forty-shilling fee levied on boys born more than a mile from Cambridge.


Newton wasted no time getting out of town. Although the term would not begin until September, he set out from Woolsthorpe on June 2, 1661. He took almost nothing with him, and on arrival he equipped himself with a washstand, a chamber pot, a quart bottle, and “ink to fille it.” Thus armed, Isaac Newton took up residence in Trinity, where he would remain for thirty-five years.




*





At Cambridge, it was Newton’s ill luck to be poor — or rather, to be made so by Hannah, who again registered her disdain for book learning by limiting his allowance at university to ten pounds a year. That was not enough to cover food, lodging, and tutors’ fees, so Newton entered Trinity as a subsizar — the name Cambridge gave to those students who paid their way by doing the tasks that the sons of richer men would not do for themselves. Having just left a prosperous farm with servants of his own, Newton was now expected to wait on fellow students at table, to eat their scraps, to haul wood for their fires, to empty pots filled with their piss.


Newton was not the most wretched among his fellow sizars. His ten-pound stipend counted for something, and he had a family connection to a senior member of the college. He could afford at least a few creature comforts. Cherries and marmalade show up in his expenses, as do such essentials as milk and cheese, butter and beer. But in his first years at the college, Newton lived at the very bottom of Trinity’s hierarchy, standing while others sat, a man of no social consequence. He made almost no impression on the undergraduate life there. His entire correspondence contains just one letter to a college contemporary, written in 1669, five years after he completed his B.A. As Richard Westfall, Newton’s leading biographer, has established, even after Newton became by far the most famous of his generation at Cambridge, not one of the students from his year admitted having met him.


There is no direct evidence to tell what Newton felt as he endured such solitude. But he did leave a powerful hint. In a notebook otherwise filled with expense records and geometry notes, he covered several pages in 1662 with what reads like a debtor’s ledger of sins, entry after entry of transgressions large and small, a reckoning of the burden of debt owed to an unforgiving divine banker.


He admitted wrongs done to his fellow man: “Stealing cherry cobs from Eduard Storer / Denying that I did so”; “Robbing my mothers box of plums and sugar”; “Calling Derothy Rose a jade.” He revealed an impressive urge to violence: “Punching my sister”; “Striking many”; “Wishing death and hoping it to some”; and in a brutal comment on his mother’s remarriage, “Threatening my father and mother Smith to burne them and the house over them.”


He admitted to gluttony, twice, and once, “Striving to cheat with a brass halfe crowne” — with hindsight, quite an admission for the man who would become the counterfeiters’ scourge. He confessed to an escalating litany of crimes against God, petty misdemeanors like “Squirting water on Thy day” or “Making pies on Sunday night”; and then an agonized confession of mortal failure: “Not turning nearer to Thee according to my belief”; “Not Loving Thee for Thy self”; “Fearing man above Thee.”


Worst of all, number twenty on his tally of fifty-eight failings convicted him of “Setting my heart on money learning pleasure more than Thee.” Since the Temptation, money and the delights of the senses have been Satan’s lures for the pious. But for Newton the true danger came from the snare that had captured Eve: an idolatrous love of knowledge. Trinity opened to Newton a world of ideas that had been closed to him in the countryside, and he entered it with ferocious concentration, so deep, it seems, that it drove God from his mind and heart.




*





Even at Cambridge, though, Newton had to find his own way. He recognized quickly that the traditional university curriculum, centered on Aristotle as the ultimate authority, was a waste of his time. His reading notes show that he never bothered to wade all the way through any of the assigned Aristotelian texts. Instead, Newton set himself to master the new knowledge that was trickling into Cambridge past the defenses of ancient authority. He did so mostly on his own — he had to, for his understanding soon surpassed that of all but one or two of the men on the faculty who could have instructed him.


He began with a glance at Euclid’s geometry, but on first reading found its claims “so easy to understand that he wondered how any body would amuse themselves to write any demonstrations of them.” More mathematics followed, and then he discovered mechanical philosophy — the notion that the entire material world could be understood as patterns of matter in motion. It was a controversial idea, mostly because it seemed, to some at least, to diminish the significance of God in daily life. But even so, Descartes and Galileo — and many others — had demonstrated the effectiveness of the new approach, to the point where the mechanical worldview reached all the way to the few receptive minds to be found in that backwater of European intellectual life, the University of Cambridge.


Newton’s legendary capacity for study displayed itself here, in this first rush to master all that Europe knew of how the material world works. Sleep was optional. John Wickens, who arrived at Cambridge eighteen months after Newton, remembered that when Newton was immersed in his work, he simply did without. Food was fuel — and, as often as not, merely a distraction. He later told his niece that his cat grew fat on the meals he forgot to eat. 


In 1664, after two hard years, Newton paused to sum up his learning in a document he modestly called Quæstiones quædam Philosophicæ — Certain Philosophical Questions. He started by asking what was the first or most basic form of matter, and in a detailed analysis argued that it had to be those simple, indivisible entities dubbed atoms. He posed questions on the true meaning of position — location in space — and of time, and of the behavior of celestial bodies. He probed his new and temporary master, Descartes, challenging his theory of light, his physics, his ideas about the tides. He sought to grasp how the senses worked. He had purchased a prism at the Sturbridge Fair in 1663, and now wrote up his first optical experiments, the starting point for his analysis of light and color. He wondered about motion and why a falling body falls, though he was confused about the property called gravity. He attempted to understand what it might mean to live in a truly mechanical universe, one in which all of nature except mind and spirit formed a grand and complicated machine — and then he trembled at the fate of God in such a cosmos. He wrote that “tis a contradiction to say ye first matter depends on some other subject.” He added “except God” — and then crossed out those last two words.


He offered no definitive answers. This was the work of an apprentice mastering his tools. But it is all there in embryo, the program that would lead Newton toward his own discoveries and to the invention of the method that others could use to discover yet more. And while the Newtonian synthesis was decades away from completion, the Quæstiones captures the extraordinary ambition of an anonymous student working on the fringes of the learned world, who nonetheless proclaims his own authority, independent of Aristotle, of Descartes, of anyone.


Newton was fearless in the pursuit of anything he wanted to know. To find out whether the eye could be tricked into seeing what wasn’t there, he stared directly at the sun through one eye for as long as he could bear the pain, then noted how long it took to free his sight from the “strong phantasie” of the image. A year or so later, when he wanted to understand the effect of the shape of an optical system on the perception of color, he inserted a bodkin — a blunt needle — “betwixt my eye and ye bone as near to ye backside of my eye as I could.” Next, by “pressing my eye wth ye end of it (so as to make ye curvature … in my eye)” he saw several “white dark and coloured circles” — patterns that became clearer when he rubbed his eye with the point of his needle. To that description Newton helpfully added a drawing of the experiment, showing how the bodkin deformed his eye. It is impossible to look at the illustration without wincing, but Newton makes no mention of pain, nor any sense of danger. He had a question and the means to answer it. The next step was obvious.


He pressed on, pondering the nature of air, wondering whether fire could burn in a vacuum, taking notes on the motion of comets, considering the mystery of memory and the strange and paradoxical relationship of the soul to the brain. But, caught up as he was in the whirlwind of new thoughts, new ideas, he still had to deal with the ordinary obstacles of university life. In the spring of 1664, he sat for the one examination required of undergraduates at Cambridge, a test that would determine whether he would become one of Trinity’s scholars. Pass, and he would cease to be a sizar; the college would pay his board and give him a small stipend for the four years it would take to become master of arts. Fail, and it was back to the farm.


He survived the ordeal, receiving his scholarship on April 28, 1664. But his renewed studies at the college were interrupted within months. Early in 1665, rats turned up on the docks along the Thames which had almost certainly come by way of Holland, perhaps in ships carrying prisoners from the Dutch wars or smuggled bales of cotton from the Continent. The rats carried their own cargo of fleas across the North Sea, and the fleas in turn ferried into England the bacterium Yersinia pestis. The fleas leapt from the rats; they bit; the bacteria slid into human veins, and dark buboes began to sprout. The bubonic plague had returned to England.


At first the disease proceeded slowly, a troubling backdrop to the daily routine. The first named victim died on April 12 and was buried in haste that same day in Covent Garden. Samuel Pepys noted “Great fears of the Sicknesse” in his diary entry for April 30. But the great naval victory over the Dutch at Lowestoft distracted him and many others. Then, in early June, Pepys found himself, “much against my Will,” walking in Drury Lane, where he saw “two or three houses marked with a red cross upon the doors and ‘Lord have mercy upon us’ writ there.”


That day, Pepys bought a roll of tobacco to chew, “which took away the apprehension.” But the epidemic had taken hold, and no amount of nicotine could hold back panic. A thousand a week died in London, then two, until by September the death toll reached one thousand each day.


The very concept of a funeral collapsed under the weight of corpses. The best that could be done was disposal, landfill. As Daniel Defoe described it: A death cart enters a cemetery, halting at a broad pit. A man follows, walking behind the remains of his family. And then, “no sooner was the cart turned round and the bodies shot into the pit promiscuously, which was a surprise to him,” Defoe wrote, “for he at least expected they would have been decently laid in.” Instead, “Sixteen or seventeen bodies; some were wrapt up in linen sheets, some in rags, some little other than naked, or so loose that what covering they had fell from them in the shooting out of the cart, and they fell quite naked among the rest; but the matter was not much to them, or the indecency much to any one else, seeing they were all dead, and were to be huddled together into the common grave of mankind.” This was democracy at last, “for here was no difference  made, but poor and rich went together; there was no other way of burials, neither was it possible there should, for coffins were not to be had for the prodigious numbers that fell in such a calamity as this.”


Those who could fled as fast as possible, but the disease ran with the refugees, and the dread of the plague reached farther and farther into the countryside. Cambridge emptied early, becoming a ghost town by midsummer 1665. The great fair at Sturbridge — England’s largest — was canceled. The university ceased to offer sermons in Great St. Mary’s Church, and on August 7, Trinity College acknowledged the obvious by authorizing the payment of stipends to “all Fellows & Scholars which now go into the Country on occasion of the Pestilence.”


Newton was already long gone, escaping before the August stipend came due. He retreated to Woolsthorpe, its isolation a sanctuary from any chance encounter with a plague rat or a diseased person. He seems not to have noticed the change of scene. No one now dared set the prodigal to the plow. In the last months before Newton abandoned Cambridge, his mind had turned almost exclusively to mathematics. In the quiet of his home, he continued, building the structure that would ultimately revolutionize the mathematical understanding of change over time. Later in the plague season, he would take the first steps toward his theory of gravity, and thereby toward his understanding of what governs motion throughout the cosmos.


The disease cut through England all that summer and fall, murdering its tens of thousands. Isaac Newton paid it little mind. He was busy.
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“The Prime of My Age”





THE PLAGUE OF 1665 raged on through the fall. In December, a bitter cold settled across the south of England. Samuel Pepys wrote that the hard frost “gives us hope for a perfect cure of the plague.” But the disease persisted — up to thirteen hundred Londoners a week were still dying — and prudent folk shunned crowds if they could.


Isaac Newton was cautious to a fault. He celebrated his twenty-third birthday that Christmas Day at home, safely distant from the infectious towns. He stayed there into the new year, working, he said, with an intensity he never again equaled: “In those days,” he remembered fifty years on, “I was in the prime of my age for invention & minded Mathematicks & Philosophy more then at any time since.”


Mathematics first, continuing what he had started before his enforced retreat from Cambridge. The critical ideas emerged from the strange concept of the infinite, in both its infinitely large and infinitesimally small forms. Newton would later name the central discovery of that first plague year the “method of fluxions.” In its developed form, we now call it the calculus, and it remains the essential tool used to analyze change over time.


He did not complete this work in total isolation. In the midst of his thinking about infinitesimals, the epidemic seemed to ease in the east of England. By March, Cambridge town had been free of plague deaths for six consecutive weeks. The university reopened, and Newton returned to Trinity College. In June, though, the disease reappeared, and on the news of more deaths, Newton again fled home to Woolsthorpe. Back on the farm, his attention shifted from mathematics to the question of gravity.


The word already had multiple meanings. It could imply a ponderousness of spirit or matter — the affairs of nations had gravity, and to be said to possess gravitas was a badge of honor for the leaders of nations. It had a physical meaning too, but what it was — whether a property of heavy objects or some disembodied agent that could act on objects — no one knew. In the Quæstiones, Newton had titled one essay “Of Gravity and Levity,” and he wrestled there with concepts that he found to be vague and indistinct. He wrote of “the matter causing gravity” and suggested that it must pass both into and out of “the bowels of the earth.” He considered the question of a falling body and wrote of “the force which it receives every moment from its gravity” — that is, force somehow inherent in the object plummeting toward the ground. He wondered whether “the rays of gravity may be stopped by reflecting or refracting them.” For the time being, all that Newton knew about the connection between matter and motion was that one existed.


Now, in his enforced seclusion, Newton tried again. According to legend, the key idea came to him in one blinding flash of insight. Sometime during the summer of 1666, he found himself in the garden at Woolsthorpe, sitting “in a contemplative mood,” as he remembered — or perhaps invented, recalling the moment decades later, in the grip of nostalgia and old age. In his mind’s eye the apple tree of his childhood was heavy with fruit. An apple fell. It caught his attention. Why should that apple always descend perpendicularly to the ground, he asked himself. Why should it go not sideways or upward but constantly to the earth’s center?


Why not indeed. The myth that has endured from that time to this declared that that was all it took: on the spot, Newton made the leap of reason that would lead to the ultimate prize, his theory of gravity. Matter attracts matter, in proportion to the mass contained in each body; the attraction is to the center of a given mass; and the power “like that we here call gravity … extends its self thro’ the universe.”


Thus the story of what one author has called the most significant apple since Eve’s. It has the virtue of possessing some residue of fact. The tree itself existed. After his death, the original at Woolsthorpe was still known in the neighborhood as Sir Isaac’s tree, and every effort was made to preserve it, propping up its sagging limbs until it finally collapsed in a windstorm in 1819. A sliver of the tree ended up at the Royal Astronomical Society, and branches had already been grafted onto younger hosts, which in time bore fruit of their own. In 1943, at a dinner party at the Royal Society Club, a member pulled from his pocket two large apples of a variety called Flower of Kent, a cooking apple popular in the 1600s. These were, the owner explained, the fruit of one of the grafts of the original at Woolsthorpe. Newton’s apple itself is no fairy tale; it budded, it ripened; almost three centuries later it could still be tasted in all the knowledge that flowed from its rumored fall.


But whatever epiphany Newton may have had in that plague summer, it did not include a finished theory of gravity. At most, the descent of that apple stimulated the first step in a much longer, more difficult, and ultimately much more impressive odyssey of mental struggle, one that took Newton from concepts not yet formed all the way to a finished, dynamic cosmology, a theory that reaches across the entire universe.


That first step, of necessity, turned on the existing state of knowledge, both Newton’s and that of European natural philosophers. Earlier in the plague season, Newton had studied how an object moving in a circular path pushes outward, trying to recede from the center of that circle — a phenomenon familiar to any child twirling a stone in a sling. After a false start, he worked out the formula that measures that centrifugal force, as Newton’s older contemporary, Christiaan Huygens, would name it. This was a case of independent invention. Huygens anticipated Newton but did not publish his result until 1673. That is: Newton, just twenty-two, was working on the bleeding edge of contemporary knowledge. Now to push further.


He did so by testing his new mathematical treatment of circular motion on the revolutionary claim that the earth did not stand still at the center of a revolving cosmos. One of the most potent objections to Copernicus’s sun-centered system argued that if the earth really moved around the sun, turning on its axis every day as it went, that rotation would generate so much centrifugal force that humankind and everything else on the surface of such an absurdly spinning planet would fly off into the void. With his new insight, however, Newton realized that his formula allowed him to determine just how strong this force would be at the surface of the turning earth.


To begin, he used a rough estimate for the earth’s size — a number refined over the previous two centuries of European exploration by sea. With that, he could figure the outward acceleration experienced at the surface of a revolving earth. Next, he set out to calculate the downward pull at the earth’s surface of what he called gravity, in something like the modern sense of the term. Galileo had already observed the acceleration of falling bodies, but Newton trusted no measurement so well as one he made himself, so he performed his own investigation of falling objects by studying the motion of a pendulum. With these two essential numbers, he found that the effect of gravity holding each of us down is approximately three hundred times stronger than the centrifugal push urging us to take flight.


It was a bravura demonstration, an analysis that would have placed Newton in the vanguard of European natural philosophy, had he told anyone about it. Even better, he found he could apply this reasoning to a larger problem, the behavior of the solar system itself. What was required, for example, to keep the moon securely on its regular path around the earth? Newton knew one fact: any such force would strain against the moon’s centrifugal tendency to recede, to fly off, abandoning its terrestrial master. At the appropriate distance, he realized, those impulses must balance, leaving the moon to fall forever as it followed its (nearly) circular path around the center of the earth, the source of that still mysterious impulse that would come to be called gravity.


Mysterious, but calculable. To do so, he needed to take one last, great step and create a mathematical expression to describe the intensity of whatever it was connecting the earth and the moon with the distance between the two bodies. He found inspiration in Kepler’s third law of planetary motion, which relates the time it takes for a planet to complete its orbit with its distance from the sun. By analyzing that law, Newton concluded (as he later put it) that “the forces which keep the planets in their orbs must [be] reciprocally as the squares of their distances from the centers around which they revolve.” That is, the force of gravity falls off in proportion to the square of the distance between any two objects.


With that, it was just a matter of plugging in the numbers to calculate the moon’s orbit. Here he ran into trouble. From his pendulum experiments, he had a fairly precise measurement of one crucial term, the strength of gravity at the earth’s surface. But he still needed to know the distance between the moon and the earth, a calculation that turned on knowledge of the earth’s size. This was a number Newton could not determine for himself, so he used the common mariner’s guess that one degree of the earth’s circumference was equal to “sixty measured Miles only.” That was wrong, well off the accurate figure of slightly more than sixty-nine miles. The error propagated throughout his calculation, and nothing Newton could do would make the moon’s path work out. He had some guesses as to what might be happening, but these were loose thoughts, and as yet he knew no way to reduce them to the discipline of mathematics. 


The setback was enough to provoke Newton to move on. New ideas were crowding in. Optics came next, a series of inquiries into the nature of light that would bring him a first, ambivalent brush with fame in the early 1670s. Thus engaged, Newton let the matter of the moon rest.


But if his miracle years, as they have come to be known, did not produce the finished Newtonian system, still by the end of his enforced seclusion Newton understood that any new physical system could succeed only by “subjecting motion to number.” His attempt to analyze the gravitational interaction of the earth and the moon provided the model: any claim of a relationship, any proposed connection between phenomena, had to be tested against the rigor of a mathematical description.


Many of the central ideas that would form the essential content of his physics were there too, though an enormous amount of labor remained to get from those first drafts to the finished construction of the system. Newton would have to redefine what he and his contemporaries thought they knew about the most basic concepts of matter and motion just to arrive at a set of definitions that he could turn to account. For example, he was still groping for a way to express the crucial conception of force that would allow him to bring the full force of mathematics to bear. By 1666, he had got this far: “Tis known by ye light of nature … yt equall forces shall effect an equall change in equall bodys … for in loosing or … getting ye same quantity of motion a body suffers the ye same quantity of mutation in its state.”


The core of the idea is there: that a change in the motion of a body is proportional to the amount of force impressed on it. But to turn that conception into the detailed, rich form it would take as Newton’s second law of motion would require long, long hours of deep thought. The same would prove to be true for all his efforts over the next twenty years as they evolved into the finished edifice of his great work, Philosophiæ naturalis principia  mathematica — The Mathematical Principles of Natural Philosophy — better known as the Principia. For all his raw intelligence, Newton’s ultimate achievement turned on his genius for perseverance. His one close college friend, John Wickens, marveled at his ability to forget all else in the rapt observation of the comet of 1664. Two decades later, Humphrey Newton, Isaac Newton’s assistant and copyist (and no relation), saw the same. “When he has sometimes taken a turn or two [outdoors] has made a sudden stand, turn’d himself about and run up ye stairs, like another Archimedes, with an Eureka, fall to write on his Desk standing, without giving himself the Leasure to draw a Chair to sit down in.” If something mattered to him, the man pursued it relentlessly.


Equally crucial to his ultimate success, Newton was never a purely abstract thinker. He gained his central insight into the concept of force from evidence “known by ye light of nature.” He tested his ideas about gravity and the motion of the moon with data drawn from his own painstaking experiments and the imperfect observations of others. When it came time to analyze the physics of the tides, the landlocked Newton sought out data from travelers the world over; barely straying from his desk in the room next to Trinity College’s Great Gate, he gathered evidence from Plymouth and Chepstow, from the Strait of Magellan, from the South China Sea. He stabbed his own eye, built his own furnaces, constructed his own optical instruments (most famously the first reflecting telescope); he weighed, measured, tested, smelled, worked — hard — with his own hands, to discover the answer to whatever had sparked his curiosity.




*





Newton labored through the summer. That September, the Great Fire of London came. It lasted five days, finally exhausting itself on September 7. Almost all of the city within the walls was destroyed, and some beyond, 436 acres in all. More than thirteen thousand houses burned, eighty-seven churches, and old St. Paul’s Cathedral. The sixty tons of lead in the cathedral roof melted; a river of molten metal flowed into the Thames. Just six people are known to have died, though it seems almost certain that the true number was much greater.


But once the fire destroyed the dense and deadly slums that cosseted infection, the plague finally burned itself out. That winter, reports of cases dropped, then vanished, until by spring it became clear that the epidemic was truly done.


In April 1667, Newton returned to his rooms at Trinity College. He had left two years earlier with the ink barely dry on his bachelor of arts degree. In the interval, he had become the greatest mathematician in the world, and the equal of any natural philosopher then living. No one knew. He had published nothing, communicated his results to no one. So the situation would remain, in essence, for two decades.



















3




[image: ]





“I Have Calculated It”





ISAAC NEWTON CLAMBERED up the academic pyramid as rapidly as his abilities warranted. In 1669, when Newton was twenty-six, his former teacher Isaac Barrow resigned the Lucasian Professorship of Mathematics in his favor, and from that point on he was set. The chair was his for as long as he chose to keep it. It provided him with room, board, and about one hundred pounds a year — plenty for an unmarried man with virtually no living expenses. In return, all he had to do was deliver one course of lectures every three terms. Even that duty did not impinge much on his time. Humphrey Newton reported that the professor would speak for as much as half an hour if anyone actually showed up, but that “oftimes he did in a manner, for want of Hearers, read to ye Walls.”


Aside from such minimal nods toward the instruction of the young, Newton did as he pleased. He loathed distractions, had little gift for casual talk, and entertained few visitors. He gave virtually all his waking hours to his research. Humphrey Newton again: “I never knew him [to] take any Recreation or Pastime, either in riding out to take air, Walking, bowling, or any other Exercise whatever, Thinking all Hours lost, that was not spent in his Studyes.” He seemed offended by the demands of his body. Humphrey reported that Newton “grudg’d that short Time he spent in eating & sleeping”; that his housekeeper would find “both Dinner & Supper scarcely tasted of”; that “He very seldom sat by the fire in his Chamber, excepting that long frosty winter, which made him creep to it against his will.” His one diversion was his garden, a small plot on Trinity’s grounds, “which was never out of Order, in which he would, at some seldom Times, take a short Walk or two, not enduring to see a weed in it.” That was it — a life wholly committed to his studies, except for a very occasional conversation with a handful of acquaintances and a few stolen minutes pulling weeds.


But work to what end? Year after year, he published next to nothing, and he had almost no discernible impact on his contemporaries. As Richard Westfall put it: “Had Newton died in 1684 and his papers survived, we would know from them that a genius had lived. Instead of hailing him as a figure who had shaped the modern intellect, however, we would at most … [lament] his failure to reach fulfillment.”


And then, one August day in 1684, Edmond Halley stopped by. Halley was one of that handful of acquaintances who could always gain admittance to Newton’s rooms in Trinity. The pair had met two years earlier, just after Halley’s return from France, where he’d meticulously observed the comet that would later be named for him. Newton had made his own sketches of the comet, and he welcomed a fellow enthusiast into the circle of those whose letters he would answer, whose conversation he welcomed.


Today Halley brought no pressing scientific news. He had come down from London to the countryside near Cambridge on family business, and his visit to Newton was merely social. But in the course of their conversation, Halley recalled a technical point he had been meaning to take up with his friend.


Halley’s request had seemed trivial enough. Would Isaac Newton please settle a bet? The previous January, Halley, Robert Hooke, and the architect Sir Christopher Wren had talked on after a meeting of the Royal Society. Wren wondered if it was true that the motion of the planets obeyed an inverse square law of gravity — the same inverse square relationship that Newton had investigated during the plague years. Halley readily confessed that he could not solve the problem, but Hooke had boasted that he had already proved that the inverse square law held true, and “that upon that principle all the Laws of the celestiall motions were to be demonstrated.”


When pressed, though, Hooke refused to reveal his results, and Wren openly doubted his claim. Wren knew how tricky the question was. Seven years before, Isaac Newton had visited him in his London home, where the two men discussed the complexity of the problem of discovering “heavenly motions upon philosophical principles.” Accordingly, Wren would not take a claim of a solution on faith. Instead, he offered a prize, a book worth forty shillings, to the man who could solve the problem within two months. Hooke puffed up, declaring that he would hold his work back so that “others triing and failing, might know how to value it.” But two months passed, and then several weeks more, and Hooke revealed nothing. Halley, diplomatically, did not write that Hooke had failed, but that “I do not yet find that in that particular he has been as good as his word.”


There the matter rested, until Halley put Wren’s question to Newton: “what he thought the Curve would be that would be described by the Planets supposing the force of attraction towards the Sun to be reciprocal to the square of their distance from it.” Newton immediately replied that it would be an ellipse. Halley, “struck with joy & amazement,” asked how he could be so sure, and Newton replied, “Why … I have calculated it.”


Halley asked at once to see the calculation, but, according to the story he later told, Newton could not find it when he rummaged through his papers. Giving up for the moment, he promised Halley that he would “renew it & send it to him.” 


While Halley waited in London, Newton tried to re-create his old work — and failed. He had made an error in one of his diagrams in the prior attempt, and his elegant geometric argument collapsed with the mistake. He labored on, however, and by November he had worked it out.


In his new calculation, Newton analyzed the motions of the planets using a branch of geometry concerned with conic sections. Conic sections are the curves made when a plane slices through a cone. Depending on the angle and location of the cut, you get a circle (if the plane intersects either cone at a ninety-degree angle), an ellipse (if the plane bisects one cone at an angle other than ninety degrees), a parabola (if the curve cuts through the side of the cones but does not slice all the way through its circumference), or the symmetrical double curve called a hyperbola (produced only if there are two identical cones laid tip to tip).


As he calculated, Newton was able to show that for an object in a system of two bodies bound by an inverse square attraction, the only closed path available is an ellipse, with the more massive body at one focus. Depending on the distance, the speed, and the ratio of masses of the two bodies, such ellipses can be very nearly circular — as is the case for the earth, whose orbit deviates by less than two percent from a perfect circle. As the force acting on two bodies weakens with distance, more elongated ellipses and open-ended trajectories (parabolas or hyperbolas) become valid solutions for the equations of motion that describe the path of a body moving under the influence of an inverse square force. To the practical matter at hand, Newton had proved that in the case of two bodies, one orbiting the other, an inverse square relationship for the attraction of gravity produces an orbit that traces a conic section, which becomes the closed path of an ellipse in the case of our sun’s planets.


QED. 


Newton wrote up the work in a nine-page manuscript titled De motu corporum in gyrum — “On the Motion of Bodies in Orbit.” He let Halley know the work was done, and then presumably settled back into his usual routine.


That peace could not last, not if Halley had anything to do with it. He grasped the significance of De Motu immediately. This was no mere set-piece response to an after-dinner challenge. Rather, it was the foundation of a revolution of the entire science of motion. He raced back to Cambridge in November, copied Newton’s paper in his own hand, and in December was able to tell the Royal Society that he had permission to publish the work in the register of the Royal Society as soon as Newton revised it.


And then … nothing.


Halley had not expected anything more than a quick revision of the brief paper he had already seen. The final, corrected version of De Motu was supposed to follow soon after his second meeting with Newton. When it failed to arrive on schedule, Halley took the precaution of registering his preliminary copy with the Royal Society, establishing its priority. Then he resumed his vigil, waiting for more to come from Cambridge. Still nothing, not in what remained of 1684, and not through the first part of 1685.


Newton, for all of his periodic public silences, wrote constantly. He committed millions of words to paper over his long life, often recopying three or more near-identical drafts of the same document. He was a conscientious letter writer too. His correspondence fills seven folio volumes. While that is not an extraordinary total for a time when the learned of Europe (and America) communicated with each other by letter, it represents a formidable stream of prose. But between December 1684 and the summer of 1686, when he delivered to Halley the final versions of the first two parts of his promised, and now greatly expanded, treatise, he is known to have written just seven letters. Two of them are mere notes. The remaining five were all to John Flamsteed, the Astronomer Royal, asking him for his observations of the planets, of Jupiter’s moons, and of comets, all to help him in a series of calculations whose true nature he did not choose to share.


Much later, Newton admitted what had happened. “After I began to work on the inequalities of the motions of the moon, and then also began to explore other aspects of the laws and measures of gravity and of other forces,” he wrote, “I thought that publication should be put off to another time, so that I might investigate these other things and publish all my results together.” He was trying to create a new science, one he called “rational mechanics.” This new discipline would be comprehensive, able to gather in the whole of nature. It would be, he wrote, “the science, expressed in exact propositions and demonstrations, of the motions that result from any forces whatever and of the forces that are required for any motions whatever.”


Newton writes here of a science advanced by a method that would be exact in its laws and analyses. Fully developed, it would yield an absolute, precise account of cause and effect, true for all encounters between matter and force, whatever they may be. This was his aim in writing what was about to become the Principia, at once the blueprint and the manifesto for such a science. He began with three simple statements that could cut through the confusion and muddled thought that had tangled all previous attempts to account for motion in nature. First came his ultimate understanding of what he dubbed inertia: “Every body perseveres in its state of being at rest or of moving uniformly straight forward except insofar as it is compelled to change its state by forces impressed.”


His second axiom stated the precise relationship between force and motion: “A change in motion is proportional to the motive force impressed and takes place along the straight line in which that force is impressed.” Last he addressed the question of what happens when forces and objects interact: “To any action there is always an opposite and equal reaction; in other words, the actions of two bodies upon each other are always equal and always opposite in direction” (italics in the original).


Thus, the famous three laws of motion, stated not as propositions to be demonstrated but as pillars of reality. This was, Newton recognized, an extraordinary moment, and he composed his text accordingly, in an echo of the literature he knew best. He began with a revelation, a bald statement of fundamental truths, then followed with five hundred pages of exegesis that showed what could be done from this seemingly simple point of origin.


Books One and Two — both titled “The Motion of Bodies” — demonstrated how much his three laws could explain. After some preliminaries, Newton reworked the material he had shown Halley to derive the properties of the different orbits produced by an inverse square law of gravity. He analyzed mathematically how objects governed by the three laws collide and rebound. He calculated what happens when objects travel through different media — water instead of air, for example. He pondered the issues of density and compression, and created the mathematical tools to describe what happens to fluids under pressure. He analyzed the motion of a pendulum. He inserted some older mathematical work on conic sections, apparently simply because he had it lying around. He attempted an analysis of wave dynamics and the propagation of sound. On and on, through every phenomenon that could be conceived as matter in motion.


He wrote on through the fall and winter of 1685, stating propositions and theorems, presenting proofs, extracting corollaries from concepts already established, page after page, proof after proof, until the sheer mass overwhelmed all challenges. Throughout that time, Newton’s always impressive appetite for work became total. “He very rarely went to Bed till 2 or 3 of the clock, sometimes not till 5 or 6, lying about 4 or 5 hours,” observed Humphrey Newton. On rising, “his earnest & indefatigable Studyes retain’d Him, so that He scarcely knewe the Hour of Prayer.”


It took Newton almost two years to finish Book Two. Its last theorem completes his demolition of Descartes’ vortices — those whirlpools in some strange medium that were supposed to drive the motion of the planets and stars. Newton showed no pity, concluding dismissively that his predecessor’s work served “less to clarify the celestial motions than to obscure them.”


With that bit of old business settled, Newton turned to his ultimate aim. In the preface to the Principia, Newton wrote, “The whole difficulty of philosophy seems to be to discover the forces of nature from the phenomena of motions and then to demonstrate the other phenomena from these forces.” Books One and Two had covered only the first half of that territory, presenting “the laws and conditions of motions”; but as Newton wrote, those laws were “not, however, philosophical but strictly mathematical.” Now, he declared, it was time to put such abstraction to the test of experience. “It still remains for us,” he wrote, “to exhibit the system of the world from these same principles.”


At first reading, Book Three, which he in fact titled “The System of the World,” falls short. No mere forty-two propositions could possibly comprehend all of experience. But, as usual, Newton said what he meant. In a mere hundred pages or so of mathematical reasoning, he did not promise to capture all that moved in the observable universe. Rather, he offered a system with which to do so — the method that, as it has turned out, his successors have employed to explore all of material reality through the enterprise we call science.


As Book Three opens, gravity at last takes over the entire narrative. Once again, Newton begins with the foundational claims of his investigation. Most important, he states what can be seen as the fundamental axiom of science: that the properties of objects that can be observed on earth must be assumed to be properties of bodies anywhere in the cosmos. Here he demonstrates that gravity behaves the same way whether it pulls a cannon ball back to the ground or tugs on the most distant object in the heavens. He shows that the satellites of Jupiter obey his inverse square law of gravitation, then runs through the same reasoning for the major planets and for the moon.


Next he proves that the center of the planetary system must be the sun, and explores how the mutual gravitational attraction between Saturn and Jupiter pulls both planets’ orbits away from the perfect ellipse of a geometer’s dream. Mathematics, Newton here affirms, is essential for the analysis of the physical world, but nature itself is more complex than any purely mathematical idealization of it.


Newton races on — so many phenomena, only so much time and energy with which to explore them. Closer to home, he analyzes the track of the moon and the implications of the observed fact that the earth is not a perfect sphere. (He proved that the gravitational pull of a spheroid would not be the same everywhere, and hence one’s weight would vary slightly depending on where one stands on the earth’s surface.) And, seemingly at the end of a journey from the outermost known planets to the surface of the earth, he examines the influence of moon and sun on the earth’s tides. Twenty years after he looked at gravity as a purely local phenomenon, Newton here presents gravity as the engine of the system of all creation — one that binds the rise and fall of the Thames or the Gulf of Tonkin to all the observed motions of the solar system.


But Newton does not choose to end Book Three here, and his decision reveals how much the work as a whole acts to persuade and not merely to demonstrate. To be sure, no one thinks of Newton as a novelist, or of the Principia as a galloping read. But Book Three — and the volume in its entirety — can be experienced as a kind of epic of gravity, and to bring that tale to its heroic close, Newton spins his account outward once again, into the realm of the comets.


The passage begins slowly, with a detailed, tedious series of observations of the path of the Great Comet of 1680, the product of Newton’s relentless attempts to distinguish good data from bad. From that base of unassailable evidence, Newton plots an orbit. Then he derives the same path by calculation, extracting the comet’s course from just three observed positions. The two tracks — the one observed and the one predicted — match almost exactly, tracing the curve called a parabola. It does not take a huge change in trajectory to place a comet on a parabolic path instead of an elliptical one, but the distinction is crucial. Comets in elliptical orbit, like that of 1682, which we now call Halley’s, return again and again. A comet on a parabolic journey passes near the earth just once. It swings by the sun and then keeps going, traveling on a path that can, in principle, carry it to the farthest extremes of the heavens.


With this, the Principia reaches its true climax. Nothing in Newton’s science depends on the shape of this narrative. In any order, his proofs would be just as valid. But to take the reader on an odyssey that begins with the orbits of the planets and extends to bring the entire cosmos into view allows the larger implications of the Newtonian idea to emerge. At the end of the discussion of the comet of 1680, he writes, “The theory that corresponds exactly to so nonuniform a motion through the greatest part of the heavens, and that observes the same laws as the theory of the planets and that agrees exactly with exact astronomical observations cannot fail to be true” (italics added).


Truth, omnipresent and omnipotent: the Principia reveals laws of motion and gravity that do not merely describe how cannonballs fly or apples fall; they do not simply hold the earth in its orbit around the sun or regulate the dance of Saturn’s moons around the ringed planet. Instead, as promised, Newton offered his world an idea that encompasses all matter, all motion, to the deepest reaches of the imaginable universe, a cosmos mapped by the paths of comets tracing out their elegant curves in journeys that end at infinity.




*





And then Newton rested. Edmond Halley received Book Three of the Principia on April 4, 1687. He spent the next three months in publisher’s hell. He split the printing job between two shops, whose work had to be coordinated and supervised. Between the mathematical formulas and the woodcut illustrations, some of the sheets were so complicated that Halley found himself consumed by the demands of the book. He confided to a friend that “Mr. Newton’s book … has made me forget my duty in regard of the Societies correspondents,” and that “the correction of the press costs me a great deal of time and pains.” He never complained openly to Newton himself, however, writing instead of “your divine treatise” and “your excellent work.”


Halley ordered a run of between two hundred fifty and four hundred copies from the printers. The finished books arrived on July 5, 1687. Halley sent twenty copies to Newton. Most of the rest went on sale. At seven shillings apiece unbound, two shillings more for a leather binding, the edition sold out almost immediately. Newton’s life was about to be transformed.
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