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Doing easily what others find difficult is talent;
doing what is impossible for talent is genius.

Henri-Frédéric Amiel



This page intentionally left blank



PREFACE

AT ONCE MORTAL AND IMMORTAL, IsAAC NEWTON WAS BOTH A
living, breathing man and a legend that forever changed the
world. Yet so reclusive was he at his most creative that his biogra-
phers have succeeded in viewing him only through a glass darkly.
During a rare moment of introspection, Newton once compared
himself to a boy playing on a seashore, casting about for a few
beautiful pebbles that he likened to his greatest discoveries. It is
worth noting, however, that even this simple metaphor is mislead-
ing. While Newton’s home was an island, he never set eyes on the
open sea beyond the fens until well after he had grown to man-
hood. Neither, so far as is known, did he seriously entertain the
idea of taking in the wonders of the Continent only a short sail
away, or of communing with Europe’s foremost scientific minds.

Newton was a loner pure and simple, secure in the knowledge
that he was without peers when it came to almost all matters
cerebral. The only person who knew him well was his enigmatic
chamber fellow John Wickins, who lived with him when he was
formulating the calculus, conducting his brilliantly counter-
intuitive prism experiments, and undergoing his earliest inti-
mations of gravity. When the two men finally parted company
after sharing the same lodgings at Cambridge University for some

twenty years, Wickins married and moved away to become a
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successful country parson, leaving behind neither letters nor mem-
oirs regarding his supremely gifted friend.

Perhaps Wickins’s silence was at least partly due to the fact
that he understood so little of what Newton was about, although
he often took the part of Newton’s copyist. This was no less true
of Humphrey Newton, a distant relative hired by Sir Isaac to stoke
the fires of his alchemical furnace during what Humphrey called
“spring & fall of the Leaf.” Humphrey described his employer as
aman possessed, one who slept next to the fire through the night
without bothering to remove so much as a single article of cloth-
ing. As for what Newton was searching for, Humphrey, like the
sorcerer’s apprentice, hadn’t a clue. “His Pains, his Diligence at
those set Times,” Humphrey wrote, “made me think he aimed at
something beyond the Reach of human Art & Industry.”

So it went for thirty years and more until Newton resigned his
professorship and set out for the greener pastures of London.
There he took charge of the royal mint, where he transformed the
coining of England’s silver and gold while vengefully running
counterfeiters to ground for a date with the hangman’s noose. And
it was in London, while Newton was presiding over the Royal
Society like some grand potentate, that he went to war against the
German polymath Gottfried Wilhelm von Leibniz and England’s
astronomer royal, John Flamsteed.

While I can claim no personal knowledge of Newton, I have
spent much of the past twenty-five years reading, thinking, and
writing about him. This short biography is the partial distillate of
that intractable—indeed sometimes maddening—quest for under-
standing, and 1s aimed at the casual reader who wishes to know
something more of Newton beyond his “discovery” of universal

gravitation. Still, after all that time, I, too, see him through a glass
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darkly. As one Newton scholar remarked, “It would take another
Newton to understand Newton.” I am anything but that person,
yet neither were all the others who have accepted the challenge of
putting his remarkable life on paper. What sustained me was the
privilege of standing over Newton’s shoulder, a silent witness to
the creative process as it unfolded in all its majesty. Think of it: a
lone human being bent low over a desk, supplied with nothing
more than a quill pen, a pot of homemade ink, and countless
sheets of blank paper, calculating precisely how the cosmos goes.

When an awed French mathematician wrote to an English
friend and fellow member of the Royal Society, he wanted to know
if Sir Isaac Newton eats and drinks and sleeps like other men. Of
course, his friend replied, “He assumes nothing and puts himself
on a level with all mankind.” It was an opinion with which the
brilliant astronomer and comet seeker Edmond Halley profoundly
disagreed: “Nearer to the gods,” Halley declared, “no mortal may

approach,” lifting Newton to the stars.
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“To PLay
PHILOSOPHICALLY?”

AT A LITTLE BEFORE TEN 0’CLOCK THE DRUM ROLL BEGAN, FIRST
distant and then ever louder as the thousands gathering to see the
king die wound their way through London’s choked streets to the
palace of Whitehall. It was January 30, 1649. The weather was
exceedingly cold, the sky gray with scattered patches of sunshine,
the frost so sharp that great chunks of ice clogged the arches of
London Bridge spanning the river Thames.

The previous day fifty-nine judges had signed the death war-
rant of King Charles I, many of them badgered and bullied by the
rebel leader Oliver Cromwell, who was about to assume the title
of Lord Protector and rule as a king in everything but name. It
was Cromwell and his Roundheads, who cut their hair short in
defiance of the wigged nobility and practiced the Puritan religion,
who most wanted the king’s head. They had fought Charles and
his supporters, many of whom were sympathetic to the outlawed

Catholic religion, ever since 1642, when civil war erupted in the



north of England and spread across the land like a great plague.
Now the leader of the defeated forces had to pay.

Fearing that the cold would cause him to shiver and give his
enemies the false impression that he was afraid, Charles donned
two sets of underclothes before putting on his best suit. Flanked
by the Bishop of London and his personal attendant, Herbert,
the king stepped out of the palace of St. James and headed through
the surrounding park toward the scaffold at Whitehall Palace,
whose construction the night before had disturbed his sleep. He
walked so fast between the double line of soldiers guarding the
way that his escorts could barely keep pace. Once at Whitehall he
ate a little bread and drank some wine.

At two o’clock there was a break in the clouds. The crowd, kept
ata distance by several rows of soldiers, could just make out figures
passing rapidly behind the windows of the banquet hall. Suddenly
the king emerged by stepping through a long window and onto the
scaffold. He knelt down and laid his head upon the wooden block.
The masked executioner tucked the long royal hair beneath a cap,
then stepped back while the prisoner spent his final moments in
prayer. When he was finished, the king stretched out his arms to
signal that he was ready to meet his God, and the ax descended ina
swift arc. The assistant executioner lifted the severed head for all to
see and exclaimed, “Behold, the head of a traitor!”!

Instead of the expected cheer, along, collective moan issued from
the crowd. Fearing trouble, Cromwell ordered the streets cleared
and his mounted soldiers sprang into action. The spectators pan-
icked and many were trampled in the frenzy, creating even greater
fear of the army and the austere leader of the new government.

Woolsthorpe Manor, a gray stone house situated in England’s

county of Lincoln, was a lonely place seven years before the king’s
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death as civil war spread and Christmas drew near. Its only in-
habitants were a young widow named Hannah Newton and her
servant. Hannah’s husband Isaac,a yeoman, or prosperous farmer,
had died in October at the age of thirty-six and was buried in the
churchyard of the village of Colsterworth just across the river
Witham, which was visible from the upstairs bedrooms. Isaac and
Hannah had been married for only five months before he had taken
ill. When he failed to get better, a lawyer was summoned and a
will drawn up. Most of his possessions, including one hundred
acres of land, the manor house, livestock, grain, and household
furnishings, were left to Hannah. Like his father before him, Isaac
Newton was unlettered, so he signed the document with the tra-
ditional “X.”* No mention was made of the unborn child Hannah
was carrying,.

Hannah went into labor sometime on December 24, 1642. It
was the time of the full moon, and the baby was born an hour or
two after midnight on Christmas morning. He was so frail that
two women who attended Hannah were sent to obtain some medi-
cine from a neighbor. Instead of hurrying, they sat down to rest
on the way, thinking the child would already be dead. In the years
to come Hannah would tell her son that he was so tiny when he
was born that he would have fit into a quart pot. Moreover, he was
too weak to hold his head upright for feeding and breathing. A
special collar was fitted to his small neck to support his head; for
along time he remained much smaller than boys his own age and
even after maturity, he was somewhat shorter than the average
Englishman of his day.

One week later, mother and child were driven to the family
church at Colsterworth, where relatives and friends gathered to

see the infant baptized. The pastor dutifully recorded the event
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in the parish register: “Isaac son of Isaac and Hannah Newton
baptized Jan. 1, [1643].”

Isaac was still a toddler when his mother caught the eye of an
elderly widower named Barnabas Smith, rector of North Witham,
a hamlet little more than a mile southeast of Woolsthorpe. Smith
held bachelor’s and master’s degrees from Oxford University and
was very wealthy, thanks to a substantial inheritance from his father.
Before Hannah would accept the clergyman’s marriage proposal,
she insisted that he make a gift of some property to her son and
remodel Woolsthorpe Manor, which Isaac was expected to occupy
one day as a gentleman farmer. Smith agreed and the marriage took
place in January 1646, a month after Isaac’s third birthday.

For reasons unknown, it was decided that Isaac should remain
at Woolsthorpe in the care of his maternal grandparents, the
Ayscoughs. The devastated child, who had never set eyes on his
father, was suddenly parted from his mother. As he grew older, he
discovered how agonizingly close she remained; by climbing a
tree he could view the steeple of North Witham’s church in the
distance. There was Hannah, but there too was the mysterious
stranger who had “stolen” her away. The loss ate at him like an
emotional cancer. As a teenager, while undergoing a period of in-
tense religious awareness, Isaac compiled a list of “sins” he had
committed over the years. Most were harmless, but number thir-
teen is quite revealing: “Threatening my father and mother Smith
to burn them and the house over them.” The next entry is equally
disturbing: “Wishing death and hoping it to some.” The aban-
doned son not only possessed a volatile temper, but he nursed
grudges and would wait years, if need be, to gain revenge on those
he believed had wronged him.

Besides his absent parents, the unstated “some” for whom Isaac

wished death may have included his two half sisters and his half

ISAAC NEWTON



brother, all fathered by Smith while in his late sixties. Mary,
Hannah, and Benjamin were additional rivals for his mother’s at-
tention. When Smith finally died in 1653, Hannah, now a very
wealthy widow, returned to Woolsthorpe with the three children
in tow. By this time eleven-year-old Isaac had long since learned
to insulate himself from human contact by withdrawing into the
hidden recesses of his mind.

Hannah was determined that Isaac, unlike his father, should
grow up literate. During her absence, he was enrolled in a village
school to which he walked back and forth each day. Then, a year
after Hannah returned to Woolsthorpe, the twelve-year-old youth
entered King’s School at Grantham, a market town some seven
miles away.

Latin and Greek were the languages of instruction, and during
this period the foundations of young Newton’s classical educa-
tion were laid. Bible studies were also an important part of the
curriculum, and Isaac became familiar with Hebrew script.
Though grammar and literature were the main focus, students
also received a limited amount of instruction in arithmetic. Isaac
may have been introduced to geometry during this period as well,
but, if so, there is no record of it in his surviving notebooks.

Arrangements were made for the youth to board in the home
of William Clarke, the local apothecary, whose wife was a close
friend of Isaac’s mother. The Clarkes lived in the middle of
Grantham on High Street and by all accounts gave their young
boarder as much freedom as good judgment would allow. Accord-
ing to Dr. William Stukeley, a Grantham native whom Newton
befriended years later when the two were living in London, “Ev-
eryone that knew Sir Isaac recounts the pregnancy of his parts
when a boy, his strange inventions and extraordinary inclination

for mechanics.” Instead of playing with the other boys after school,
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he “busied himself in making knicknacks and wood models in
many kinds: for which purpose he had got little saws, hatchets,
hammers and a whole shop of tools, which he would use with
great dexterity.”

Isaac visited the construction site of a windmill and was in-
spired to build a working model of his own. When it was finished,
a mouse he called the “miller” was placed inside and supplied
with a ration of corn. In reaching for the food, the miller set a
wheel in motion, which in turn propelled the mill.

The lad was equally fascinated by kites, which he fashioned from
paper in various shapes to determine the designs best suited for
sustained flight. He also made lanterns from crumpled paper and
lit them with candles while walking to school on dark winter morn-
ings. These he sometimes tied to the tails of his kites at night, fright-
ening the country people who mistook them for passing comets.

Smaller and physically weaker than most of his schoolmates,
Isaac attempted to teach them “to play philosophically,” in
Stukeley’s words. When the Lord Protector Oliver Cromwell died
in September 1658, a great storm swept over England, giving rise
to the superstition that it was the devil riding the whirlwind to
claim his lost soul. Taking advantage of a rare opportunity, Isaac
entered into a competition with several of the more athletic youths
to see who could jump the farthest. By carefully timing the gusts
of wind, he outleaped the other boys, much to their surprise and
embarrassment. Many years later, Newton remarked to a relative
that this was one of his first experiments.

This early interest in the force of moving air was matched by a
deep fascination with time. Even before Isaac entered King’s
School, he had undertaken a study of the sun’s motion, tracking

its path across the yard, walls, and slate roof of Woolsthorpe
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Manor. Using a sharp instrument, he carved two sundials next to
a window on the building’s south face. He did the same on the
side of the Clarke house in Grantham, marking the hours and half
hours with pegs. According to Stukeley, “Anybody knew what
o’clock it was by Isaac’s dial, as they ordinarily called it.”” Later in
life, it was said of Newton that he could tell time by glimpsing the
positions of shadows on his study walls, and that these observa-
tions were as accurate as the dials of his pocket watch.

The most frequently mentioned of his many mechanical mod-
els was his water clock, constructed from a wooden box given to
him by William Clarke’s brother-in-law. It stood four feet high
and had a dial at the top with the numbers of the hours. The de-
vice was driven by a piece of wood, which alternately rose and fell
according to the rhythmic dripping of water. It was kept in the
room where he lived and was occasionally checked by the Clarkes
to see what hour it was. Like the youthful Leonardo da Vinci and
Benjamin Franklin, Isaac Newton was not simply an aimless child-
hood tinkerer but a tinkerer playing with ideas and mechanisms.

Isaac lived in the Clarkes’ attic, where he covered the walls with
charcoal sketches he drew from prints as well as from life. These
included the beheaded King Charles I, who had died when New-
ton was not yet seven; the metaphysical poet and clergyman John
Donne; and the headmaster of King’s School, Henry Stokes. Birds,
beasts, ships, and mathematical schemes filled the remaining
space, together with verses attributed to the youth himself, an in-
terest that would soon pass.

There is good reason to believe that Isaac also spent many hours
in the company of his landlord, while the apothecary mixed medi-
cines for Grantham’s citizens. One of many books that captured

Isaac’s attention was The Mysteries of Nature and Art by John
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Bate, the third edition of which was published in 1654, when Isaac
was eleven. Bate’s recipes for mixing paints and treating common
ailments found their way into the boy’s early notebooks, as did
information on diseases and their cures copied from Francis
Gregory’s catalog titled Nomenclatura. Among the least appe-
tizing is a recipe for an abscess: “Drink twice or thrice a day a
small portion of mint and wormwood and 300 millipedes well
beaten (with their heads pulled off) suspended in 4 gallons of ale
in fermentation.”®

In light of his interest in books and all things mechanical, one
would have expected Isaac to do well in his studies, but that was
not the case. Henry Stokes put him in the lowest form, where he
ranked second to last out of more than eighty students. Newton
himself later admitted that he “continued very negligent” in his
studies at King’s School.

As the story goes, events took a radical turn one morning as
Isaac was walking to class. The boy ranked just above him kicked
him in the stomach, which provoked thoughts of revenge. When
school was over for the day, Isaac challenged his classmate to a
fight, and they went into the nearby churchyard to settle their dif-
ferences. Though smaller than his opponent, Isaac fought with
greater determination, beating his attacker until he capitulated
by declaring that he would fight no more. He then rubbed the
defeated boy’s face against the church wall for good measure. Still
this was not enough. Isaac began applying himself to his studies
and soon rose to become the top student in the school.

The Grantham years were among the happiest in Newton’s life,
but Hannah had decided that they must come to an end. Her son
was about fifteen when she informed Master Stokes that Isaac must
return to Woolsthorpe to begin learning the ways of a respected

landowner.
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Stokes was appalled. Isaac had convinced the headmaster that
his talents were too great to be wasted in the isolated countryside
of Lincolnshire. Nor could Isaac see himself as one of the simple
folk who were his people, for he had gradually ceased to share
their lives. To return to the family farm would mean a life of men-
tal boredom that could easily lead to frustration and bitterness, if
not abject depression.

Hannah was adamant, thus setting the stage for a conflict of
wills. Isaac returned home and later recorded some of his acts of
defiance in the list of his sins compiled a few years later. He was
“peevish with [his] mother” and refused to go into the fields at
her command. He allowed the sheep to stray onto the property of
a neighbor, causing damages that an embarrassed Hannah had to
pay for in court. Stukeley learned that “his chief delight was to sit
under a tree, with a book in his hands, or to busy himself with his
knife in cutting wood for models of something or other that struck
his fancy, or he would go to a running stream, and make little
millwheels to put into the water.” Not only did the sheep stray
and the wheat go unplanted, but the adolescent often forgot to
return home for meals, a character trait that would resurface in
the adult Newton.

Frustrated and annoyed, Hannah sought to change Isaac’s be-
havior by placing him under the supervision of an elderly servant.
Together they went to Grantham on Saturday mornings to pur-
chase the needed supplies for the farm and to sell the crops raised
in the Woolsthorpe fields. But as soon as they arrived, Isaac would
head for his old room above the apothecary shop, where he passed
the day reading books stored there by his former landlord’s brother
Joseph Clarke, an assistant teacher at King’s School. On other
occasions he simply picked out a comfortable spot under a road-

side hedge where he read until the servant collected him on the
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way home. “No doubt,” Stukeley observed, “the man [com-
plained] of this to his mother.”"* No doubt indeed!

Clearly Isaac was living among the creations of his own mind.
In many ways they were more real to him than anything he en-
countered in the external world. Henry Stokes, who was keeping
close track of his star pupil, finally decided to intercede on Isaac’s
behalf. He visited Hannah at Woolsthorpe and told her what a
great loss 1t was to bury such a promising intellect on the family
farm. “The only way whereby he could preserve or raise his for-
tune must be by fitting him for the university.”'' The headmaster
even offered to forego the annual forty shilling fee required of all
pupils born more than a mile from Grantham, no small sacrifice
for a man of modest means.

Hannah could be almost as difficult to budge as her oldest son,
forcing Stokes to argue his case several times. In her defense it
must be remembered that her careful plans for Isaac were falling
to pieces, and with them a mother’s dreams. To a woman who
was next to illiterate, land was the only thing that mattered. She
finally turned to her trusted brother William Ayscough for ad-
vice. To her surprise, William sided with Stokes, agreeing that
Isaac should return to school. Her options closed, Hannah reluc-
tantly gave her consent. For better or for worse, her son would go
on to the university.

Isaac’s return to Grantham was welcomed by many, including
Catherine Storer, Clarke’s stepdaughter. She and her two broth-
ers, Arthur and Edward, had grown close to Isaac while living
under the same roof on High Street. As an old woman in her eight-
ies, Catherine was interviewed regarding her famous playmate,
whom she described as “a sober, silent, thinking lad never known

to play with the boys at their silly amusements.” Even more in-
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triguing is the suggestion of a romantic attachment to Newton:
“Being brought up together, tis said that he entertained a love for
her, nor does she deny it. But . . . it was incompatible with his
fortunes to marry, perhaps his studies too.”"*

What form those studies took during Isaac’s final months of
preparation before departing for Cambridge is unknown. Because
Latin was the language of scholars, Stokes almost certainly grilled
his greatest pupil in the classics one last time. Works by the an-
cient poets Pindar and Ovid survive from Newton’s personal li-
brary; both are inscribed “1659” and both were standard texts in
the schools of the period. He also had the use of Barnabas Smith’s
library of some two or three hundred volumes, mostly religious in
content, which had been given to him by his widowed mother.
These he kept on shelves of his own making in his upstairs bed-
room at Woolsthorpe, the very room in which he would soon la-
bor over some of his most important scientific discoveries and
mathematical formulations.

Finally, in 1661, the moment of departure arrived. Displaying
the pride of a father, Stokes asked eighteen-year-old Isaac to come
to the front of the classroom. With tears in his eyes, the headmas-
ter made a speech praising the young man and urging the other
youths to follow his example. On a window ledge of King’s School,
with the aid of a penknife, Newton left a simple, permanent record
to be gazed upon by later generations of curious admirers: “I.

Newton.”
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“MyYy GREATER FRIEND?

T'HomAs FULLER, A SEVENTEENTH-CENTURY SCHOLAR, DESCRIBED
Cambridge’s Trinity College as “the stateliest and most uniform
college in Christendom.” On the massive exterior of Trinity’s
Great Gate 1s a statue of its founder, the legendary King Henry
VIII, whose six wives set a record among English monarchs. It
was from this prospect that Isaac Newton first gazed on the insti-
tution that would be his home for almost forty years. Before him
stood the chapel, the master’s lodge, and the magnificent dining
hall, with its beamed ceilings, minstrels’ gallery, and huge portrait
of Henry, which took six strong men to carry. Beyond the Tudor
Gothic buildings spread “the Backs,” the green expanse border-
ing the Cam River. To someone of Newton’s unworldly back-
ground it must have seemed miraculous and frightening at the
same time.

Newton entered the university as a sizar, one whose financial

circumstances were such that he had to wait tables, run errands



for the fellows, or senior scholars, and waken his wealthier class-
mates before dawn for morning chapel. Despite her considerable
wealth, it appears that Hannah Newton was not going to make
things easy for her wayward son, forcing him to earn his keep.
Equally humiliating was the fact that Newton was going on nine-
teen in the summer of 1661, which meant that he was a year or
two older than most of those whom he served, setting him even
further apart.

As with all undergraduates, he was assigned a tutor, who was
both a teacher and something of a substitute parent. In this case it
was Benjamin Pulleyn, an obscure professor of Greek about
whom little is known. The young scholar once again found him-
self immersed in the classics—the philosophy of Plato and
Aristotle, the art of eloquent communication called rhetoric,
logic, ethics, history, and much more. There were lectures to at-
tend, papers to write, notebooks to keep, including a worn brown
leather volume containing the inscription: “Isaac Newton, Trin-
ity College, Cambridge, 1661.”

This volume, known to scholars as “the philosophical note-
book,” begins with notes from the works of Aristotle. The beauti-
ful script has been entered with careful attention to detail, as if in
reverence for the most profound mind in ancient history, and per-
haps of all time. Then, suddenly, the reader is met by dozens of
blank pages before encountering a radically different series of en-
tries. At some pointin 1663, during his third year at Trinity, New-
ton began a new section, which he titled “Certain Philosophical
Questions.” More important, he penned the following revolution-
ary sentence at the top of the first page: “I am a friend of Plato, I
am a friend of Aristotle, but truth is my greater friend.”” He made

his own index of the various subjects he planned to investigate.
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These range from “Air,” “Earth,” and “Matter” to “Time and Eter-
nity,” “Soul,” and “Sleep.” Some headings contain no further en-
tries, but under others he wrote from a few sentences to many
pages, forsaking his elegant script for the more cramped writing
of a young man in a hurry. He got much of his information from the
works of an emerging group of thinkers who helped shape the mod-
ern worldview, men known as “natural philosophers,” for the term

“scientist” would not be coined until the nineteenth century.

In 1543, the Polish astronomer Nicolaus Copernicus put forth the
theory that the Earth and the other planets rotate around the sun,
challenging the long-held view that the Earth is the center of the
universe. This drawing, from his work De Revolutionibus, clearly places
the sun at the center of the universe. Lilly Library, Unwversity of Indiana
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Among those whose work he read was Nicolaus Copernicus
(1473-1543), the Polish astronomer who, in 1543, had challenged
Aristotle and scholarly authority by arguing that the planets, in-
cluding the Earth, circle the sun. By placing the Earth in motion
rather than at rest in the center of the universe, Copernicus had
stood a two-thousand-year-old belief on its head.

Others soon stepped in to confirm mathematically and experi-
mentally what Copernicus had presented as theory. Johannes
Kepler (1571-1630), the brilliant German astronomer who is now
recognized as the first astrophysicist, developed the earliest laws
of planetary motion. Kepler’s first law states that the shape of each
planet’s orbit, or path around the sun, is an ellipse, which re-
sembles a gently squeezed balloon. Thus the sun is somewhat off
center, and a planet’s distance from it varies as it moves about the
medium-sized star.

Having shattered the ancient concept that the planets orbit in
perfect circles, Kepler next demonstrated in his second law that
the speed of a planet is not uniform but varies according to its
distance from the sun. When a planet is farthest from the sun, it
slows down; conversely, as it approaches the sun, it speeds up.
The third law established a relation between the average distance
of a planet from the sun and the time it takes to complete a single
orbit, or period in the language of astronomers. It would remain
for a young Cambridge student to formulate the universal prin-
ciple by which the planets are held in their orbits, but it was
through Kepler’s mind and pen that mathematics—elegant, pre-
cise, and powerful—entered the heavens.

Newton was also reading the works of the Italian genius Galileo
Galilei (1564-1642), who corresponded with Kepler and died in
the very year of Newton’s birth. Most famous for his use of the
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Kepler's First and Second Laws

According to the first two laws of planetary motion developed by the
German astronomer Johannes Kepler, the planets move around the sun
in elliptical orbits and an orbiting planet sweeps over equal areas in
equal times. When the planet is far from the sun and moving slower,
the pie slice is long and narrow (SCD); when the planet is near the sun
and moving faster, the pie slice is short and wide (SAB). Diagram by
Gary Tong

telescope, Galileo trained the first of his many homemade instru-
ments on the planets, moon, and stars in 1609. What he saw shook
the awed natural philosopher to his roots: mountains and craters
on the surface of the moon, spots on the sun, the phases of Venus,
the moons of Jupiter. And when he looked beyond these objects
into the great abyss, he discovered the secret of the Milky Way
itself. “The galaxy,” he wrote in his revolutionary little treatise

The Starry Messenger, “is, in fact, nothing but a congeries of in-
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numerable stars grouped together in clusters. Many of them are
rather large and quite bright, while the number of smaller ones is
quite beyond calculation.” As Copernicus had implied by mak-
ing the Earth a planet, the heavens and the sphere inhabited by
humankind are not fundamentally different but are made of the
same matter and subject to the same laws.

In 1633 Galileo was condemned by the Roman Catholic
Church for teaching what was termed “the Copernican doctrine,”
which conflicted with the teachings of the Bible. Though he was
not tortured or imprisoned, as were others who challenged spiri-
tual authority, he was placed under house arrest for his remaining
years, during which he continued to work while going blind from
glaucoma.

Newton was no less interested in Galileo’s other claim to fame,
the experimental method that led to the overthrow of Aristotle’s
theories. While Kepler was formulating his laws of planetary mo-
tion, Galileo developed laws governing the motion of bodies here
on Earth. As a professor at the University of Pisa, he found the
ancient belief that heavier bodies fall faster than lighter ones to be
erroneous. In a series of carefully timed experiments, he was able
to show that the acceleration of a falling body 1s proportional to
time and independent of its weight and density. Thus a feather and
a cannonball dropped together would reach the ground at the very
same time were it not for the resistance of air. This can be demon-
strated by employing an airless container, or vacuum chamber.

Moreover, Galileo successfully challenged the time-honored
belief that an object at rest is in its natural state. Rather, he postu-
lated, it is natural for an object in motion to continue moving in a
straight line, a principle known as inertia. This concept applies

equally to a rolling ball on Earth or the circling planet itself. Only
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when acted upon by some form of resistance do such objects
change speed or direction.

Newton was intoxicated by all that he was reading and was pre-
occupied as much by the behavior of the tiniest objects as by the
largest. He embraced those teachings of the ancients that made
sense to him, such as the theory of matter set forth by the Greek
philosopher Democritus in the fourth century B.c. Democritus
held that all things are composed of minute, invisible particles he
called atoms. They contain the same matter as larger bodies but
differ in size, weight, and shape. According to the philosopher,
the constant movement of these whirling particles resulted in the
formation of the world and universe as we know it. As Newton
wrote in his notebook, “the first matter must be atoms and that
matter may be so small as to be indiscernible.”*

The Trinity notebook further demonstrates that Newton, true
to the natural philosopher he was to be, distrusted the senses on
which Aristotle and his followers relied. He had already taken a
deep interest in the experimental method advocated by Galileo.
The senses of different individuals are affected differently by the
same phenomena. Newton wrote, “The nature of things is more
securely and naturally deduced from their operations on one an-
other than upon the senses; our explanation of both soul and body”
must not be colored by either.” From then on, when addressing
questions to nature, he would embrace the new scientific method
and its fundamental steps: gather data, formulate a hypothesis,
conduct experiments, validate or reject the hypothesis.

Even as he was studying the works of the new natural philoso-
phers, Newton was practicing science on his own. Fascinated by
celestial phenomena, he began tracking comets across the starry
sky. He observed the first in December 1664 at 4:30 in the morn-
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ing, while the rest of the university slept. Another appeared in
early April 1665, causing him to wonder how these brilliant ob-
jects could move across the firmament with such speed.

Though possessed of an iron will and a physical constitution
to match, even Newton had his limits. He later informed John
Conduitt, a relative by marriage, that he was so obsessed with
nightly observing that he became “much disordered and learned
to go to bed betimes.”® John North, Master of Trinity, observed of
Newton that “if he had not wrought with his hands making ex-
periments, he had killed himself with study.”’

Newton not only courted exhaustion and illness, but risked
his eyesight in the interest of science as well. Capturing the sun’s
image in a looking glass, he observed its rays with his right eye
and then turned away. He saw circles of colors, which gradually
vanished. Growing bolder, he looked at the sun a second and a
third time with both eyes. Suddenly its multicolored imprint over-
lay every object upon which he gazed, from an open book to a
passing cloud. The condition gradually worsened, forcing New-
ton to shut himself up in his darkened rooms for several days. “I
... used all means to direct my imagination from the sun. For if I
thought upon him I presently saw his picture though I was in the
dark.”® Gradually his sight returned, but even months later,
whenever he thought of the sun, its spectrum reappeared
“though I'lay in bed at midnight with my curtains drawn.” When
he had sufficiently recovered to take pen in hand, the lingering
affliction was duly written up in the philosophical notebook in
ten carefully worded steps, a testament to the experimenter’s ex-
traordinary self-control.

By 1664 Newton’s lifework was pretty much determined. He
had joined the intellectual company of those who believed that

“MY GREATER FRIEND?”

19



20

the universe, like the great clocks adorning the bell towers of me-
dieval cities, is governed by rational mechanical laws and that
nature’s secrets will be revealed to those employing the scientific
method. Yet neither did he think that such precision is the result
ofblind chance. Behind it all he sensed the presence of intelligent
planning and purposeful direction. Under the heading “Of God,”
he wrote, “Were men and beasts made by fortuitous jumblings of
atoms there would be many parts useless in them, here a lump of
flesh there a member too much. Some kinds of beasts might have
had but one eye some more than two.”” Above all, this was a re-
minder to himself that nature’s underlying unity is a product of
the Divine Mind. Atoms and mechanical laws, no matter how fas-
cinating, are as nothing when compared to the knowledge and
wisdom of the Creator.

Newton the mathematician makes no appearance in the philo-
sophical notebook, yet we know from other sources that he was
deeply immersed in the study of numbers during this period.
According to Abraham de Moivre, a French mathematician and
future member of Newton’s inner circle, the young Newton vis-
ited Sturbridge fair while a Trinity undergraduate and bought a
book on astrology out of curiosity. He read until he came to an
illustration of the heavens he could not understand for a lack of
trigonometry. In turn, he bought a text on trigonometry but could
not fully grasp its contents, forcing him to seek out the work of
the ancient geometrician Euclid, which seemed absurdly simple.
But he soon realized that he had underestimated Euclid’s proofs
and read the book with greater care a second time. He next gradu-
ated to William Oughtred’s treatise Key to Mathematics and René
Descartes’s seminal work on analytical geometry, Discourse on

Method, which, according to de Moivre, “he found very difficult
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and had to master by degrees.”'* He went back over all that he
had read one more time before striking out to claim new territory
of his own.

Nowhere is there any mention of a guiding hand, thus leading
one to believe that Newton alone was responsible for his math-
ematical education, as for so much else. Pulleyn, his tutor and a
professor of Greek, could have provided at best a measure of en-
couragement but little, if any, instruction in this field. On at least
two occasions in later life, Newton commented on self-education
in mathematics and natural philosophy in a manner too sugges-
tive of his own experience to be dismissed as coincidence. He
had begun his great quest alone and he would end it the same
way, cut off from the interests of the less gifted, locked up in a
private world of protective isolation. The British naturalist Charles
Darwin knew this world as well. Among Darwin’s most reward-
ing experiences was tramping across the highlands of South
America in the silent company of illiterate natives: “The whole of
my pleasure was derived from what passed in my mind,” he wrote
in his journal. And when, after he had grown old and was re-
vered like a god, Newton was asked how he had made his dis-
coveries, he replied, “Truth is the offspring of silence and
unbroken meditation.”"!

The one person who seems to have pierced that silence was
John Wickins, son of the master of Manchester Grammar School.
Wickins told his son Nicholas about his chance encounter with
Newton while the two were undergraduates at Trinity. A dejected
Wickins had left his rooms to go for a walk one day after an argu-
ment with his boisterous roommate. Once outside, he encoun-
tered an equally dejected Newton, who was experiencing the very

same problem: “They thereupon agreed to shake off their present
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disorderly companions and chum together, which they did as soon
as conveniently they could and so continued as long as my Father
stayed at college.”"* This relationship lasted almost twenty years.
Unfortunately, John Wickins never recorded his invaluable memo-
ries of the most creative period in Newton’s life.

Content in their quarters, Newton and Wickins disdained the
drinking, gambling, and other antics common among their fellow
students. But while Newton confessed to no significant sins of
the flesh in his 1662 list of transgressions, he did admit to “set-
ting my heart on money” more than God. This was followed by a
further confession that he had suffered “a relapse.”

After he celebrated his twenty-first birthday in 1663, the con-
siderable profits from the land deeded to him by the Reverend
Smith were his to do with as he pleased. No longer a waiter on
tables or an errand runner, Newton the budding natural philoso-
pher became Newton the student moneylender. The philosophi-
cal notebook contains a list of his accounts, and judging by the
number of clients he served business was thriving. Being the con-
servative that he was, he only once lent as much as a pound, not-
ing that the sum was “to be paid on Friday.”" It’s unclear how
much interest he charged. But since the moneylender has never
been a popular figure in society, this practice doubtless only served
to set Newton further apart from his fellow students.

In 1664 he passed the required scholarship examinations, rid-
ding himself of the distasteful title of “sizar.” Officially declared a
“scholar,” he was now entitled to receive free meals from his col-
lege in addition to a regular stipend. Even more important, he
could remain at Trinity to take his master’s degree and, if all went
well, extend his residence at Cambridge indefinitely by obtaining
a fellowship, a plan shared by the steadfast Wickins.
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At this point Catherine Storer’s little remaining hope of mar-
rying her childhood sweetheart vanished forever, and she accepted
the proposal of a Grantham attorney named Francis Bakon. Still
Newton remained her friend through the years, visiting her when-
ever he returned to Lincolnshire, sometimes bearing small gifts.

Less than a year after being made scholar, Newton, together
with his fellow candidates for the B.A., took the centuries-old
examinations that constituted the last hurdle before gaining a de-
gree. Based mostly on the teachings of ancient and medieval think-
ers, the exams placed a premium on oral debate and logic. As a
student at Cambridge a generation later, William Stukeley heard
that Newton was put in second place, “which is looked upon as
disgraceful.” Yet, as Stukeley noted, this was hardly out of charac-
ter: “It seems no strange thing, notwithstanding Sir Isaac’s great
parts, for we may well suppose him too busy in the solid part of
learning to allow much time to be master of words only, or the
trifling niceties of logic, which universities still make the chiefest
qualification for a degree.”"*

Whatever the truth of the matter, Newton and twenty-five other
Trinity men took their degrees in the spring of 1665. While he
may have done poorly on the outdated exams, the Trinity note-
book stands as proof that truth was indeed his “greater friend,”

that at Cambridge Isaac Newton had found his genius.
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Or GENIUS, FIRE,
AND PLAGUE

NEWTON HAD NO SOONER GRADUATED FROM CAMBRIDGE THAN HE
was forced to leave the university and return to Woolsthorpe,
though not of his own choosing. In London, where the city’s rap-
idly increasing population had reached half a million by 1660,
people were suddenly taken ill. The disease began with a severe
headache and dizziness, followed by trembling in the limbs, swell-
ing under the arms and in the groins, raging fever, and, finally,
telltale dark splotches on the skin, which the widely read London
cleric Thomas Vincent described as “tokens of near approaching
death. Within a few hours they must go down into the dust.”!
The infamous Black Death, or bubonic plague, had first ap-
peared in Europe in 1347, carried from the Middle East by ship
rats in whose fur infected fleas lay hidden. Once a rat succeeded
in reaching shore, its parasites were easily transferred to a human
host,launching a deadly epidemic. Since there was no known cure

for the disease, lord, serf, merchant, and beggar alike fell victim.



In some areas, well over half the population died; commerce and
agriculture came to a halt; cities and towns were deserted; wolves
reclaimed the silent streets.

Aside from ordering that the ill be completely isolated, physi-
cians could do little but invoke an adage often recited by the an-
cient Romans whenever they were menaced by disease: “fly
quickly, go far, return slowly.” Thus, as Samuel Pepys noted in his
celebrated diary, the government abandoned London for the rela-
tive safety of Oxford, and was soon followed by ordinary citizens
who spread across the countryside by the tens of thousands. In
September 1665, as the contagion reached its peak, some eight
thousand deaths were recorded in the city every week. What was
worse, in attempting to save themselves Londoners carried the
plague to the eastern counties, and then to the Midlands. In Oc-
tober, Cambridge University’s Senate voted to close the institu-
tion, but by this time all but a few administrators had fled before
the invisible enemy.

Left to his own devices in rural Lincolnshire, Newton began one
of the greatest intellectual odysseys in the history of modern sci-
ence. Thinking back on the two plague years of 1665 and 1666
decades later, he wrote the French scholar Pierre Des Maizeaux,
“For in those days I was in the prime of my age of invention and
minded mathematics and philosophy more than at any time since.”””

William Whiston, a future friend and disciple of Newton, wrote
that “Sir Isaac, in mathematics, could sometimes see almost by
intuition, even without demonstration and when he did propose
conjectures in natural philosophy, he almost always knew them to
be true at the same time.””

Having mastered the works of the most advanced mathemati-

cians of his day, Newton was far from satisfied. Algebra was fine
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for determining the numerical answer to specific conditions set
forth in an equation; geometry served to determine the relation-
ships of points, lines, and angles. But what of more complex ques-
tions involving the ever-changing speed of a moving object and
the constant alteration of that object’s path as its speed changes?
Here the mathematician is faced with two quantities that vary con-
tinuously, the one with the other, and must determine the rates of
variation for any given moment in time.

Others had tackled such numbing problems in the past, and
with some measure of success. The French mathematicians René
Descartes and Pierre de Fermat (1601-1665) had solved indi-
vidual problems of this nature, but at the cost of elegance and
simplicity. The methods they employed were too cumbersome
for general use. Nor had they succeeded in devising a general
method that could be applied to all problems of a given type, the
stuff of which the great mathematicians dream.

Newton composed his first major mathematical paper at Cam-
bridge in May 1665, shortly before the university closed its doors.
He completed a second, more advanced paper at Woolsthorpe in
November and three others during the feverish year 1666. His work
mmvolved a revolutionary method he termed “fluxions,” or quanti-
ties subject to constant rates of change. By late 1666 Isaac Newton,
who was approaching his twenty-fourth birthday, had become the
most advanced mathematician the world had yet known. With his
fluxions, or what we now call calculus, a mathematician can solve
problems in which quantities and motions are not definite and un-
changing but in the process of originating, fluctuating, even disap-
pearing. With these equations Newton could determine the most
minute variations in the acceleration of a body as it falls through

space, compute the precise arc of a revolving planet, or measure the
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exact rate in the slowing of a ball as it inches to a stop after being
rolled across the ground. In sum, calculus is a most effective tool
both for resolving problems concerning the smallest—or what New-
ton himself termed “infinitesimal”—variations in the rate of motion
ofa given body and for determining its path through space. Recog-
nizing the need for the utmost precision in our dealings with na-
ture, he had surpassed all others by formulating a mathematical
method that deals with nature on its own terms.

Not surprisingly, this newly discovered power thrilled the young
man who possessed it. When he visited the nearby home of
Humphrey Babington, an older Cambridge scholar who may have
helped him get into the university, Newton brought his papers
with him. His excitement on solving one mathematical problem
was so great that he carried out the division to fifty-five places,
and might have continued on had not the long line of zeros liter-
ally overflowed the edge of the page. Yet where others would have
shouted their victory to the mathematical world, Newton remained
curiously silent. Proof to him was sufficient unto itself; the rest of
the world did not matter, at least for the time being.

While at Woolsthorpe waiting for Cambridge to reopen, New-
ton experienced the insight that has since become legend. A year
before Newton died in 1727, his friend William Stukeley visited
him at his home in Kensington near London. After dining, they
went into the garden to drink tea under the shade of some apple
trees. “Amidst other discourse,” Stukeley wrote, “he told me he
was just in the same situation as when formerly the notion of gravi-
tation came into his mind. It was occasioned by the fall of an apple,
as he sat in a contemplative mood.”*

It had occurred to Newton that the power of gravity does not

seem to decrease significantly as an object moves away from the
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center of the Earth. If it remains the same on the highest moun-
tain and atop the loftiest building, “Why not as high as the moon?”
he said to himself. If this is true, the moon must be influenced by
this mysterious force, “perhaps she is retained in her orbit
thereby.”” What is true of the moon as it orbits Earth must also be
true of the planets as they circle the sun. And why not the glim-
mering stars beyond?

Having read Galileo and Descartes, Newton was well ac-
quainted with the principle of inertia, which holds that once a
body is set in motion it will not rest unless acted upon by some
external force. He also knew that a body in motion will move in a
straight line unless it is diverted somehow. Thus, he conjectured
that the natural motion of a ball—or an apple—set in motion would
carry it away from Earth, outward into the abyss. But something
happens: gravity intervenes, altering the object’s course and bring-
ing it to ground.

Instead of throwing a ball, Newton thought of shooting it from
a cannon. In this instance it would travel a much greater distance,
yet, as when thrown, it would eventually return to Earth. He
dreamed of even bigger cannons and larger arcs, and drew sketches
to demonstrate how the object would travel farther and farther
around the Earth until, finally, it would leave the planet and settle
into orbit, like the moon.

Newton was immediately faced with another problem. While
the power of gravity does not appear to diminish as one moves
away from the Earth’s center, this must be an illusion. Were it not
so the moon would surely crash into the planet, while the Earth
itself, together with Mercury, Venus, Jupiter, Mars, and Saturn,
would careen into the sun. Only if gravity decreases at a distance

can this celestial balancing act be maintained.
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A diagram from Newton’s 4 Treatise of the
System of the World, published after his
death, shows that if a projectile is

fired with enough force, it will

remain in orbit around the Earth, /
the same way that the moon is in f
orbit around the Earth. Library i
of Congress EI

Envisioning the moon as a A
giant apple, Newton developed
the idea of how gravity works. The
satellite’s tendency to move away from
Earth in a straight line is counteracted by the inward pull of grav-
ity, which produces an orbit, much as an object on a string when
it is whirled around one’s head. The moon is perfectly balanced
between the tendency to move outward—or what is termed cen-
trifugal force—and the inward pull of Earth.

At this point Newton immersed himself in mathematical cal-
culations, most of which are lost, in an attempt to determine the
force sufficient to keep the moon in its orbit. In another brilliant
insight, he did not assume the Earth to be the lone actor in this
celestial drama. Any object, he had come to believe, has the power
to attract any other object. An apple attracts the Earth just as the
Earth attracts an apple, although the planet’s size is so great that
the principle challenges common sense. And what is true of the
apple is equally true of the moon.

Newton believed that the attraction between the Earth and the
moon must decrease inversely as the square of the distance sepa-
rating them. Hence, if this attraction amounts to a certain force

when the bodies are at a given distance from each other, at twice
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the distance the force will not be half as great but one-fourth as
great; at three times the distance, not one-third as great but one-
ninth as great, and so on, in ever smaller proportions as the dis-
tance increases. The same formula must apply to the sun and
planets, suggesting that a universal principle is at work. As New-
ton himselflater wrote of this period, “I deduced the forces which
keep the planets in their orbs must be reciprocally as the squares
of their distances from the centers about which they revolve.”®

But there were problems. Try as he might, the young genius
could not get his calculations to work out as he had expected.
According to the mathematician William Whiston, in whom New-
ton later confided, “Upon this disappointment . . . Sir Isaac . ..
threw aside the paper of his calculation and went on to other stud-
ies.” “To be looked upon as one of my guesses,” Newton joked
years later after finally achieving the result he was after.” Ah, but
what a “guess” it was!

Though relatively secure from the plague, which had begun to
subside, Newton remained at Woolsthorpe throughout most of
1666, where, in September, word arrived that another tragedy had
befallen the beleaguered citizens of London. The Great Fire, as it
came to be known, began on September 2, and raged out of con-
trol for four days and four nights. The flames laid waste an area a
mile and a half long and half a mile wide, consuming 436 acres,
more than 13,000 houses, and 87 churches, including beautiful
old St. Paul’s Cathedral. The remains of the city were leveled as
though on a great battleground; a deep and unbroken sea of ashes,
soot, and dirt were all that remained of the London beloved by
Shakespeare and Elizabeth I. Many believed that the fire, like the
Great Plague, was an act of divine retribution brought on by a

God made angry by the sinful ways of his children, a view that

ISAAC NEWTON



Newton, with his strong puritanical streak, may well have shared.
There was, however, at least one important blessing to be counted
in the fire’s aftermath. While tens of thousands had died from the
plague, the death toll from the fire was miniscule by comparison.
The official Bills of Mortality listed only six people as having per-
ished in the flames.

One casualty of the plague was Sturbridge fair, which Newton
had visited sometime before the epidemic forced its closing. It
was there, he wrote, that “I procured me a triangular glass prism
to try therewith the celebrated phenomena of colors.”®

The prism had been known since the time of the Roman phi-
losopher and statesman Seneca in the first century A.p. But even
before this, Aristotle had argued that colors are a mixture of light
and dark, or of black and white, a view that was still accepted by
most natural philosophers of Newton’s day. It was thought that
red was the strongest, least modified, and closest to pure white of
all the colors, while blue was the weakest, most modified, and clos-
est to black. But no matter what the color from the spectrum—
whether red, orange, yellow, green, blue, indigo, or violet—all
were believed to be modifications of pure white light.

At Woolsthorpe, Newton conceived of a novel experiment.
Darkening his upstairs bedroom, which faced south, he drilled a
one-eighth-inch hole in a shutter and intercepted the beam of in-
coming light with a prism. The resulting spectrum was projected
on the wall across the room, which served as a screen. To his great
surprise, the spectrum took the form of an oblong strip rather
than the perfect circle Descartes said should appear. This could
mean only one thing: each of the seven colors was refracted at
different angles on passing through the prism—red the least and

violet the most, and the other colors in between.
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Newton’s drawing of his so-called crucial experiment shows light from

the sun being refracted through one prism and then being refracted
through another prism. The colors never changed. Bodleian Library,

Oxford

Ever cautious, Newton conceived of a second, equally power-
ful, experiment that he later termed the experimentum crucis, the
crucial test. After placing a prism near the drilled hole, he inter-
cepted the spectrum with a second prism located about “5 or 6
yards from ye former.” As with the first prism, blue rays were
bent at a greater angle than the red ones. “The fashion of the
colors was in all cases the same,” he wrote.'” He then realized
that if the angles of the bent colored rays could be accurately
calculated, a new law of refraction could be formulated. He
quickly set about determining these angles, or sines, a further
vindication of his vision that nature operates according to pre-
cise mathematical principles.

The experimentum crucis led to another, equally powerful, in-

sight. Newton observed each ray as it passed through the second
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prism. Just as he suspected, blue remained blue, orange remained
orange, and so forth. He rotated the prism and still each color
remained the same. If colors were nothing but modifications of
white light, as had long been believed, the second prism should
have produced other colors by turning red to orange or blue to
indigo, but it did not. White light, he had proven beyond any rea-
sonable doubt, is made up of all the colors of the spectrum, none
of which are altered on passing through a prism. In the language
of a poet, Isaac Newton had “untwisted the shining robe of day”
and deftly put it back together again.

Looking back over Newton’s achievements more than three
centuries later, historians have termed the Woolsthorpe period
the annus mirabilis—the wondrous year—though the discover-
ies actually took place over the course of two years rather than
one. So far as we know, Newton had not yet communicated any-
thing of what he had learned to another human being. But per-
haps as a way of rewarding himself and pleasing his mother, he
traveled the familiar road to Grantham in 1666. There before the
king’s herald, he signed himself “Isaac Newton of Woolsthorpe,

Gentleman, age 23.°"!

OF GENIUS, FIRE, AND PLAGUE

33



34

THE REVOLUTIONARY
PROFESSOR

WirH A BACHELOR’S DEGREF, IN HAND AND HIS STATUS AS A GENTLEMAN
legally recorded, Newton returned to Cambridge and Trinity
College to complete his master of arts. He now faced the fellow-
ship elections of September and October 1667. If successful, he
could extend his stay at Trinity indefinitely; if not, he would likely
be forced to choose between the life of an obscure gentleman
farmer or the pastorship of a village church in rural Lincolnshire.

For three days during late September, Newton and his fellow
candidates assembled in the chapel to undergo oral questioning.
On the fourth day each of the nine was given a theme by the mas-
ter of Trinity to be completed in writing within a period of six
hours. As when Newton sat for bachelor’s degree exams, the sub-
jects covered were mostly drawn from the writings of ancient Greek
and Roman scholars. On October 1, “by ye tolling of ye little bell,”
the successful candidates were called back to the chapel. The bell

tolled for Newton, who, together with his trusted companion John



Wickins, swore to embrace the “true religion of Christ.” Now of-
ficially a Fellow of the college, Newton had been granted perma-
nent citizenship in the academic community. Never again would
he have to face the unsettling prospect of being wrenched from
the labors for which he was so admirably suited.

Together with Wickins, Newton celebrated—one of the few
times in his life that he did so. The two hired a painter and a car-
penter to refurbish their living quarters and then ordered new
carpets and furniture, including a couch and “ticking for a feath-
erbed.” Newton also took an interest in his appearance and spent
heavily on suits and shoes during the next two years. Added to
this was the cost of a bachelor’s gown, followed by an even larger
expenditure for a tailor-made master’s gown a year later. As was
the custom, Newton shelled out seventeen shillings to celebrate
his B.A. and spent fifteen more when he became master of arts
on July 7, 1668. In between he recorded being “at the tavern
several other times,” where he even lost fifteen shillings playing
cards. Then, after entertaining his “cousin Ayscough”and an uni-
dentified acquaintance, these expenditures ended as abruptly as
they began.' By all indications, Newton had returned to his soli-
tary ways.

Not until August 1668, a month after he received his master’s
degree, did Newton first visit London. Although reconstruction
was well under way, nearly four-fifths of the city still lay in ruin, a
blackened monument to the massive devastation wrought by the
Great Fire. Where he stayed and how he occupied his seven weeks
in the capital remain mi