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Isaac Newton’s story inspired England’s William CC
Wordsworth, whose poem “The Boy of Winander” 
in turn inspired this dreamlike painting of a boy 
lost in thought. Library of Congress LC-USZ62-93933
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P R E FA C E
T H E  B R I L L I A N T 

A N D  B I z A R R E 
I S A A C  N E w T o N

ǲ

I saac Newton hated to count sheep: every day, every week, over and over again. 
In his tiny village of woolsthorpe, England, in the 1650s, losing your sheep meant 

losing your way of making a living.
But Isaac didn’t care. Raising sheep was boring. He’d rather read one of the books 

lining the shelves in the house where he lived with his mother and grandparents. He 
knew he was different. He didn’t feel like the other boys who were growing up to be-
come farmers in woolsthorpe. Isaac Newton saw things in a unique way.

Isaac saw patterns. He saw the rhythm of everyday life, sunrise to sunset, spring 
to summer to autumn to winter. He saw patterns as the sun, moon, and stars steadily 
marched overhead. He couldn’t touch anything “up there,” but still he wondered wheth-
er heavenly bodies moved according to the same rules that worked “down here.”

Isaac built tiny windmills, water clocks, sundials, and kites, and saw patterns in how 
wind, water, and the sun made them work. Through his own eyes and the touch of his 
ingers, the boy sensed that the universe, both Earth and sky, were one and the same. 
Isaac started to suspect that a universal “something” makes things go.

when Isaac Newton was a boy, people were just starting to give up the idea that 
the sun, moon, and stars revolved around the earth. At school during the week and in 
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nicus, Johannes Kepler, and Galileo Galilei. 
He asked why things like apples always fall 
down when they fall out of trees.

Then Isaac Newton became the irst per-
son to pull this thinking into one elegant 
pattern and make sense of it all.

Isaac Newton was a “natural philosopher”—
what we generally call a scientist, or physi-
cist. As Newton studied the system of the 
world, his physics became the crown jewel 
of the Scientiic Revolution. During this era 
of change, from about 1500 to 1700, people 
learned to make observations, do experi-
ments, and develop a formal method to test 
why things are the way they are.

Isaac Newton detected a set of laws—
simple but elegant—that linked “up there” 
with “down here.” of that discovery was 
born one of the most influential books of 
all time, Newton’s Principia Mathematica, 
or the Mathematical Principles of the Natural 
Philosophy.

yes, Isaac Newton was curious—and a cu-
riosity to others. There was a lot to admire 
about him—and much to despise. Many 
downright disliked him.

In truth, England’s most brilliant natural 
philosopher was a very odd man. Newton’s 
enormous ability to concentrate kept him 
working for months with nearly no food 
and next to no sleep. In a few short years, 

church on Sundays, Isaac might have heard 
that God had set the earth—and the humans 
on it—in the middle of the universe. only a 
bold few, far away from woolsthorpe, ques-
tioned the core belief that the earth lay in 
the center of it all.

By the time Isaac started at university, 
this geocentric (Earth-centered) view of the 
cosmos had changed. But like every univer-
sity student, Isaac still studied the classics, 
especially the ancient Greeks. Greek think-
ers rarely questioned geocentrism. Aristotle, 
foremost of the Greek philosophers, be-
lieved that the moon, sun, and stars all jour-
neyed around the earth in their own crystal 
spheres. Aristotle taught that nothing be-
yond the sphere of the moon ever changed. 
what was more, Isaac’s professors agreed 
with Aristotle.

Aristotle didn’t think of the universe as 
a single unit. Instead, he thought that the 
cosmos was divided in two parts—“up there” 
and “down here.” “Up there,” it was perfect. 
“Down here,” things were messy. Never were 
Earth and the heavens to work as one.

But as Isaac Newton grew to manhood, 
he dared to question Aristotle’s worldview. 
Newton studied the writings of Greek, Is-
lamic, and medieval thinkers. He pondered 
the celestial patterns described by Renais-
sance astronomers, such as Nicolaus Coper-
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even thought about ways to destroy their 
house.

with such a bitter attitude, Newton could 
have failed at everything. Instead, Isaac New-
ton went further in his thinking than anyone 
else in his generation. He asked, “How can I 
explain that the heavens and the earth move 
according to the same simple plan?”

Isaac Newton asked the big questions. And 
he found the answers.

•

he made astounding discoveries in physics, 
astronomy, optics, and mathematics—and 
never told a soul.

The inner life of Sir Isaac Newton is still 
puzzling. only Isaac Newton truly knew 
what orbited in his own head. Isolated, 
snobbish, and jealous, Newton could hold a 
grudge for a lifetime, and he did. Until later 
in life, he had few friends. At times, he re-
sented his mother, hated his stepfather, and 

 xi
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CHAPTER

A 1646 map of Lincolnshire, England.  CC
The villages of Woolsthorpe, where Isaac Newton 
grew up, and Grantham, where he attended school, 
are in the southwest part of the county. Woolsthorpe 
was so small it did not appear on the map. 
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A  B o y  L I K E 
N o  o T H E R

ǲ

On a dark September day in 1658, 15-year-old Isaac Newton was sitting on his 
bench in school when the wind began to blow all across England. within hours, 

an enormous storm raged throughout the small country. As the boys at Isaac’s school 
would soon learn, another storm, this one a political crisis, was unfolding in London. 
oliver Cromwell, England’s Lord Protector, was dead. who would rule England 
now?

But Isaac Newton wasn’t worried about the rain, nor was he thinking about Eng-
land’s troubles. The storm brought something else: a chance for Isaac to perform an 
experiment. As soon as he could, Isaac dashed outdoors to be with the wind. First, he 
jumped into it, and then he jumped with it. Against the wind, with the wind, over and 
over, all the while marking the length of his jumps.

Later, Isaac compared these jumps with others he made in calm weather, so that he 
could understand more about the wind and its magniicent force. Isaac’s experiment 
showed that the force of the storm enabled him to jump one foot farther than usual. 
His schoolmates likely doubted Isaac’s indings, so he proved it by showing them where 
he marked and measured his leaps.

Considering Isaac’s perilous birth, it was a miracle that he was alive to experiment at 
all. when he was born at home on Christmas Day in 1642, the midwife who helped his 
mother surely thought he would die. Baby Isaac was so tiny he could it into a “quart 
pot.” The household servants who went on an errand after his birth didn’t bother 
to hurry back, because they were sure he would be dead before they returned. All 
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 newborns’ heads wobble, but this little baby 
was so weak his caregivers made a special 
collar to support his head.

After Isaac survived those first critical 
days of life, his mother took him to the small 
church in woolsthorpe, a tiny village, to be 
baptized. The ceremony, as with every bap-
tism in woolsthorpe, was recorded on the 
parish register:

Baptizd Anno Domini 1642 
Isaac sonne of Isaac & Hanna Newton 
Ian. 1. [Jan. 1]

There was no father watching as Isaac was 
baptized. His father, also named Isaac, died 
when his mother was six months pregnant. 
Isaac’s father, according to the tax records of 
the day, was a yeoman (yoE-man) farmer, a 
man who owned land and dwelled in a small 
manor home. Isaac’s father used an “X” to 
sign his name on the tax register because he 
could not read or write. He also had a bad 
reputation—a “wild, extravagant, and weak 
man,” one witness said.

This “bad boy” caught the eye of Han-
nah Ayscough (Az-kew). In that day, girls 
rarely received a formal education, but Han-
nah’s family allowed her to learn a bit about 
reading and writing. Hannah’s brother, wil-
liam Ayscough, probably introduced Han-
nah to Isaac Newton, and Hannah’s parents 

approved the match. She came to the mar-
riage with her own money, as well. Hannah’s 
parents gave her farmland that produced an 
income worth 50 English pounds a year—
far more than an average household earned 
in the young couple’s day. why Isaac New-
ton’s father died at the age of 36 remains a 
mystery.

Isaac’s family was not rich by London stan-
dards, but the Newtons lived in comfort. Han-
nah Newton inherited her husband’s property 
as well as everything on it—buildings, barns, 
sheep, cattle, and tools. Hannah learned how 
to oversee the farm and the people who worked 
on it. Hannah had every reason to think that 
her new baby would grow up to inherit the 
farm and run it just as his father had.

The name of Isaac’s hometown it exactly 
how its people made their living there as 
sheep farmers. woolsthorpe, in the county 
of Lincolnshire, sat just a mile from the great 
road that led from London to the north. 
Even so, most folks in Isaac’s day traveled 
very little. Many of them passed their whole 
lives and never ventured farther than a few 
miles from home.

Baby Isaac lived with Hannah, his grand-
father James Ayscough, and his grandmother 
(whose name is lost) in the manor home in 
woolsthorpe. About the time that he turned 
three and was “breeched”—dressed in boys’ 
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Quite possibly, Isaac felt abandoned and 
neglected by his mother when she left him 
at woolsthorpe. As a young man, Isaac left 
some evidence of his feelings in a notebook. 
In it, he recalled that as a little boy, he hoped 
the Smith house would burn down around 
the family. Still, Isaac remained devoted to 
his mother all her days until she died in 1679, 
even mixing medicine for her when she was 
ill. But Isaac appeared to have no special af-
fection for the grandparents who brought 

clothes instead of the baby dresses that all 
little children wore—Isaac’s life changed. A 
well-to-do minister named Barnabas Smith, 
who had a parish in North witham, a few 
miles from woolsthorpe, had lost his wife 
and was looking for a new one. Hannah 
Newton’s name came to his attention. The 
widower sent a messenger to see if Hannah 
would consider marrying him.

People with recently deceased husbands 
or wives did not remain widowed for long 
during those times. To the Reverend Smith, 
Hannah was a good catch; she had land and 
obviously could bear children. For Hannah, 
the prospect of marrying a respectable cler-
gyman with a guaranteed income meant that 
she could leave widowhood, as well as the 
hard task of running a farm by herself. She 
agreed to marry Rev. Smith.

But there was a stumbling block. The Rev-
erend Smith did not want anything to do with 
three-year-old son Isaac. only Hannah was to 
move into his home in North witham. Isaac 
was to remain at woolsthorpe to be raised 
by his grandparents. To Hannah’s credit, she 
made sure that Isaac was inancially secure be-
fore she left. Under the terms of her marriage 
contract with Rev. Smith, the minister guar-
anteed Isaac “a parcel of land”—the same land 
his mother brought to her irst marriage—and 
the yearly income it produced.

Isaac Newton’s childhood home CC
in Woolsthorpe, England.
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and Europe in the 1600s, books were rare and 
precious. one of them, a notebook that the 
Reverend Smith had used to outline his great 
thoughts about God, was nearly empty, but 
its blank pages of heavy paper were far too 
precious to throw away. Isaac later illed that 
particular notebook with brilliant ideas.

From the Back 
to the Front of the Line

When Isaac turned 12, it became time for 
him to go to a larger, better school. By now, 
Hannah was a wealthy woman, and it seemed 
itting that her son should go to the King’s 
School in Grantham, a larger town six miles 
from woolsthorpe. It was too far for Isaac 
to walk to school, so he lived in Grantham 
at the home of a Mr. Clark, the town apoth-
ecary, who had a shop where he mixed medi-
cines to treat the ill.

Upstairs, Mr. Clark lived with a wife 
and stepchildren, and Isaac moved in with 
them. Isaac found himself a friend to Clark’s 
stepdaughter, whose name is lost to history. 
with Clark’s stepsons, Edward and Arthur, 
things were different. Isaac was smaller than 
most boys his age, and his odd habits made 
him the target of their jokes. It was the same 
at school. Isaac just didn’t it in with the rest 
of the boys.

him up. once he left woolsthorpe, he never 
spoke about his grandmother to anyone out-
side his home.

Hannah came back to woolsthorpe when 
Isaac was 10. The Reverend Smith, who was 
old enough to be Isaac’s grandfather, died in 
1653, but not before he had fathered three 
children with Hannah. when she returned 
to woolsthorpe, she brought Isaac’s three 
half-siblings with her. Now Isaac had to 
share his mother’s attention with two small 
children, Benjamin and Mary, as well as baby 
Hannah.

Like many small boys in the villages 
around woolsthorpe, Isaac learned a little bit 
about reading and writing at village schools. 
Parents of his schoolmates hoped that their 
sons could learn enough to be able to read 
the Bible and grow to manhood in a godly 
fashion. (Their sisters, if they learned to read 
at all, learned at home.) In the households 
of Isaac’s fellow schoolboys, there was little 
else worth reading, if there were any books 
available.

But there were books to read at wools-
thorpe. when Hannah returned there, she 
carted along piles of them from her dead hus-
band’s library. Isaac must have taken note 
of the leather-bound volumes that had be-
longed to his estranged stepfather. In tiny 
woolsthorpe, as throughout all of England 
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four-wheeled cart he could sit in and crank 
to make it move.

Despite his cleverness at making things, 
Isaac appeared to have few gifts for school-
work. At school in Grantham, boys were 

Isaac spent a great deal of time living in his 
own head. He enjoyed being by himself, and 
he spent long hours with no one else around. 
But he didn’t waste time. Isaac liked to use 
his hands and was a gifted artist. Mr. Clark 
did not mind that Isaac decorated the walls 
of his room on the house’s top loor with fan-
ciful drawings of beasts and people like King 
Charles I, the most famous man in England, 
and Isaac’s schoolmaster, Mr. Henry Stokes.

Isaac also liked to make complex models 
of mechanical objects like clocks and wa-
termills. He planned and built a clock oper-
ated by water power that hung in the Clark’s 
home. In Mr. Clark’s shop on the ground 
floor of his house, Isaac watched how the 
apothecary combined chemicals to create 
new substances.

when the town of Grantham erected its 
irst windmill, Isaac built a small replica of it. 
Isaac hitched up a mouse to the contraption, 
named it “The Miller,” and watched it make 
the mill wheel turn. Not only did Isaac build 
little models, he made his own tiny tools to 
aid him in his handiwork. He liked Clark’s 
stepdaughter and her friends and “would 
frequently make little tables, cupboards & 
other utensils for her & her playfellows, to 
set their babys & trinkets on,” as one story-
teller recalled. The girls must have thought 
Isaac a very talented boy when he built a 

This diagram shows a watermill as it appeared CC
in a book that Isaac Newton might have read. 
Glasgow University Library, Special Collections Dept.
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might have tutored Isaac in all the math he 
knew.

Isaac also learned “shortwriting,” a type 
of shorthand writing similar to today’s text 
messages. During a time when students used 
quill pens and dipped them into ink—often 
with messy results—shortwriting proved 
useful in writing letters and taking down 

ranked by their grades. Isaac stood near 
the end of the line. Things changed, how-
ever, after a student ahead of him gave Isaac 
a strong kick in the stomach that sent him 
reeling. Isaac took his revenge, launching 
a pattern that he followed for the rest of 
his life. Isaac called out his attacker in the 
schoolyard, beat him up, and threw the other 
boy into the wall of a church. Isaac Newton 
never allowed anyone to take him for a fool.

Then Isaac got even with the rest of the 
boys in another way. He took a serious look 
at his schoolwork and decided that his place 
should be at the head of line. To become 
“head boy” at King’s School would be sweet 
revenge, and Isaac won the coveted spot. 
Now he wanted to learn everything he could. 
He mastered Latin, the language that well-
educated people both wrote and spoke all 
across Europe. He studied Greek so that he 
could know more about the works of scholars 
like Socrates, Plato, and Aristotle.

Isaac also learned basic arithmetic and 
possibly a bit of multiplication and division. 
Algebra and geometry weren’t part of the 
curriculum at the King’s School. Mathemat-
ics wasn’t considered an important subject 
when Isaac went there, and only tradesmen 
like carpenters and shipbuilders studied ge-
ometry. However, once Henry Stokes, the 
schoolmaster, saw Isaac’s gifts, he very well 

An illustration from CC The Illustrated London News, 
October 2, 1858, depicts “the inauguration of the statue 
of Sir Isaac Newton at Grantham.”
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filled with sand that supplied a means of 
measuring time. If there was an emergency, 
someone had to ring the bells in the church 
tower to alert everyone in the area.

By the time Isaac was born, educated peo-
ple had accepted the idea that the world was 
round, but some refused to believe that the 
earth orbited the sun. People lived close to 
the rhythms of the earth. why would their 
eyes lie to them? They could see for them-
selves that the sun rose in the east, tracked 
across the sky, and set in the west.

Still, some ideas were beginning to change. 
A few people looked at the world with a fresh 
view. Isaac Newton was one of them. He 

started to experiment with things that inter-
ested him, to observe and measure them. For 
instance, Isaac watched as sunshine poured 
against a wall of his house and saw how the 
light shifted from day to day and week to 
week. He marked the stream of light with 
pegs in the wall, adjusting them as the days 
grew longer in the spring and shorter in the 
fall. over time, Isaac created a fairly accurate 
sundial, and passersby could tell the time by 
“Isaac’s dyal.”

Isaac’s neighbors were superstitious. If twin 
calves were born on a farm, it was a sign of 
God’s anger. If a black cat crossed their paths, 
certainly it was time to say a prayer for good 
fortune. If a comet appeared in the night sky, 
surely bad luck would follow. England’s his-
tory had “proved” this in 1066, when a comet 
appeared. Shortly thereafter, Harold, King of 
the Anglo-Saxons in England, was slaughtered 
during the Battle of Hastings. Harold’s enemy 
william the Conqueror, along with william’s 
fellow Normans from France, overran the 
country and changed England forever.

Sometimes Isaac used this kind of knowl-
edge to make mischief. At least once, he 
managed to frighten a good number of peo-
ple when he built some kites, tied candlelit 
lanterns to their tails, and lew them at night. 
Many of the townsfolk thought they were 
seeing comets and feared the worst.

Just like baseball cards and other kinds of sports and  CC
game items, cards featuring Isaac Newton were popular  
with collectors early in the 1900s. The cigarette card (left) 
shows young Isaac building a model windmill. The tea card 
(below) shows Newton as an older man, as well as his 
Woolsthorpe home.
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ty, and Hannah Newton irmly believed that 
it was time for Isaac to take on his duties as a 
future landowner.

It didn’t take long for the servants to see 
that Isaac Newton was no sheep farmer. 
He sat under hedges and read books when 
he should have been looking after his ani-
mals. when he and a servant went to market 
in Grantham, Isaac spent the day with his 

A Farming Failure

In the late 1650s, when Isaac was in his mid-
teens, his mother called him home from 
Grantham. Hannah thought that Isaac had 
learned quite enough at the King’s School 
and was ready to manage her land. There 
were sheep and cattle to raise, hay to rake, 
buildings and fences to mend, and servants 
to manage. All of this was a big responsibili-

The Bayeux Tapestry shows the comet that predicted CC
bad luck for King Harold of the Anglo-Saxons. A group 
of women, possibly nuns, put every stitch in by hand on 
long linen cloths. The story of William the Conqueror’s 
invasion unfolds along the tapestry scene by scene.
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Trinity College, the same Cambridge col-
lege he had attended.

Isaac returned to the Clark household in 
Grantham and moved back into his old room. 
Sometime during his years at the King’s 
School, he supposedly fell into a romantic 
“attachment” with Mr. Clark’s stepdaughter. 
Many years later, this same woman, now the 
elderly “Mrs. Vincent,” spoke of the warm 
feelings she and Isaac had shared as young 
people, but she said that she married someone 
else after Isaac left for university. Isaac him-
self never left anything written about her.

Mr. Stokes taught Isaac everything he 
could to prepare Isaac for his entrance ex-
aminations for Trinity College. Soon the day 
came when Isaac left Lincolnshire for Cam-
bridge, a city and its namesake university 
that lay 60 miles away. Stopping in wools-
thorpe, Isaac gathered a few possessions and 
said good-bye to his family. It was early sum-
mer, just when a young man was most needed 
on a sheep farm. 

• 

books in his old room at Mr. Clark’s home 
while the servant did Isaac’s work. one day, 
as Isaac returned home on horseback, he dis-
mounted to lead the horse up a hill. Some-
how the horse slipped out of its bridle. But 
Isaac never noticed. He continued on home, 
dragging the horseless bridle behind him. 
Indeed, Isaac was miserable at farming, and 
he was miserable while farming, too.

To Isaac’s good fortune, two men in his 
life intervened with his mother. Hannah’s 
brother, Isaac’s uncle william Ayscough, 
and his schoolmaster, Mr. Stokes, visited 
Hannah to plead for Isaac to return to the 
King’s School. Mr. Stokes even agreed to 
drop Isaac’s fees in order to persuade Isaac’s 
tightisted mother to let him go back.

Both men agreed that Isaac was destined 
for more learning; a few more months of 
preparation, and Isaac would be ready to 
enter Cambridge University. Uncle wil-
liam Ayscough had a particular college at 
Cambridge in mind: his nephew would enter 

 15
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S T U D y  AT 
C A M B R I D G E

ǲ

What a long, strange trip it was! The road to Cambridge, all 60 miles of it, 
stretched ahead of Isaac Newton. The ancient track, which dated back to times 

when Rome held a good part of England in its empire, now led to education and op-
portunities for Newton.

The road took the 18-year-old away from all he knew—his mother and half-siblings 
in tiny woolsthorpe, and his school in the small village of Grantham. onward he rode. 
The journey from woolsthorpe to Cambridge took three days on horseback.

By the time Isaac Newton rode into town in June 1661, Cambridge straddled both 
sides of the River Cam. During the irst century a.d., the Romans put a military fort 
at the site when they saw that Cambridge was a vital link on the road they’d built to 
move their soldiers from Colchester to Lincoln. A bridge constructed in the late 700s 
enabled Cambridge to grow from two small villages just across from each other to one 
thriving market town, an ideal location for river travelers to mix with traders who fol-
lowed the old Roman road.

Lively and loud, Cambridge also was home to its namesake Cambridge Uni-
versity. Students and their masters (teachers) rubbed elbows with townspeo-
ple along Cambridge’s rough paved streets. It was easy to tell the hometown 
people from the university folk. Both students and masters wore gowns and 
caps that signified their standing in school and to which of Cambridge Uni-
versity’s colleges they belonged. Inside the university’s walls, some of these 
colleges had existed since the late 1200s. Their names—Kings, Queens, Jesus, Trinity— 

A map of Europe printed about 1700.  CC
Library of Congress G5700 17—.S4 TIL
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An Outdated Outlook
on the Universe

As Isaac Newton began his studies at Cam-
bridge, students were learning about the 
worldview of the early Greeks, especial-
ly Aristotle, the best known of the Greek 
thinkers. Aristotle lived in Athens from 
384 to 322 b.c., during its prime, when the 
small city-state gave birth to western civi-
lization and western knowledge. Aristotle’s 
ideas dominated the thinking of scholars for 
two thousand years after his death, right up 
until the mid-1600s, when Isaac and others 
at Cambridge studied about him.

illustrated the links that the university 
had to both the Crown in London and the 
Church of England.

Today Cambridge stands as one of the 
great universities of the world, but in 1661, 
its classes offered little to respect. In Lon-
don, members of Parliament heard reports 
that young men in Europe were studying 
subjects like chemistry, anatomy, botany, 
mathematics, and history. But the subjects 
their own sons studied at Cambridge were 
not as advanced. It was only 30 miles across 
the English Channel, but new ideas from 
France, Germany, and Italy arrived late to 
Cambridge and were adopted slowly.A view of early Cambridge from the west.CC
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ing the Middle Ages, Catholic monks who 
adapted Aristotle’s ideas to Roman Catho-
lic teachings agreed with him. The sun and 
the ive planets—the only planets they knew 
about at the time—orbited the earth, each in 
its own crystal sphere. Layer by layer, each 
sphere enveloped the next one in a multilay-
ered universe.

Aristotle also believed in a God that di-
rects the universe and keeps everything in 
constant motion. He went on to say that this 
Supreme Being does not rely on anything 
else to make it move. It simply “is.” Aristotle 
thought of this Supreme Being as the “Un-
moved Mover” of all things.

By reading their masterworks, Newton 
learned that the Greeks looked for perfec-
tion in the universe. They believed that 
simple things were the most beautiful, 
and this ideal underscored their civiliza-
tion. For instance, Newton quickly grasped 
that Greek architecture was based on the 
ideals of Greek mathematics, which em-
phasized straight lines, perfect circles, and 
simple geometric shapes such as squares and 
triangles.

Newton continued to learn more about 
Aristotle’s worldview. The Greek philoso-
pher pictured the universe divided into two 
separate parts: one, the earth and its moon; 
the other, everything beyond. In the earth-
bound or “terrestrial” region, Aristotle wrote, 
everything is made up of four elements—
earth, water, air, and ire. within the earth–
moon system, imperfection and change are 
expected, as when the moon changes its face 
every night.

However, Aristotle imagined a totally dif-
ferent situation beyond the moon. out there 
stretches a perfect place called the celestial 
region, what we call “outer space.” All things 
move in exact circles, always in good order, 
everything perfect, and nothing changing, 
ever.

Aristotle claimed that the sun and planets 
orbit the earth in perfect circles, too. Dur-

The ancient Greeks based their architecture on the  CC
ideals of geometry. The U.S. Capitol Building is a more  
recent example of classic Greek architecture based 
on simple geometric shapes. Architect of the Capitol
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Astronomers Undo Aristotle

A r istotle’s  geocentric model puzzled 
some astronomers. In 1514 a Polish priest, 
Nicolaus Copernicus, declared that Aris-
totle and the Catholic Church were wrong. 
The sun—not the earth—stands in the cen-
ter of the universe. This we call the helio-
centric, or sun-centered, system. Although 
he could not prove it, Copernicus was on to 
a big idea.

In the late 1500s, a wealthy Danish astron-
omer, Tycho Brahe, had the best-equipped 
observatory in Europe. He recorded vast 
amounts of data about the positions of plan-
ets and stars. In November 1572, Tycho 
discovered a supernova (an exploding star), 
proving that it lay far beyond the moon, 
where everything was supposedly pure and 
unchanging. According to the Church Fa-
thers, this couldn’t happen. Tycho suggested 
that planets circle the sun as the entire group 
circles the earth. Tycho named this plan the 
Tychonic System.

In 1600 a young mathematician, Johannes 
Kepler, visited Tycho at work for the Holy 
Roman Emperor in Czechoslovakia. Tycho 
kept excellent records, but he never could 
describe the grand design of stars and con-
stellations in a mathematical way. Tycho 
wanted Kepler to work out the formula. But 

Aristotle’s ideas about God also appealed 
to Catholic scholars during the Middle 
Ages. Aristotle’s belief in a Supreme Being 
connected nicely to the Christian belief in 
one God who has no beginning and no end. 
Christian leaders also agreed with Aristo-
tle’s claim that Earth—and the people whom 
God created to have power over the earth—
stands in the very middle of all creation. This 
idea is known as the geocentric, or “Earth-
centered,” universe.

In 1600, hundreds of years after the Middle 
Ages, some Cambridge teachers still assumed 
that Aristotle’s worldview was correct. Cer-
tainly it made sense. They saw the sun rise 
and set day in and day out. Every 28 days, the 
moon passed through its phases, starting as a 
small sliver, waxing each night until full, then 
waning until its face hid in darkness, only to 
appear once more. with their own eyes, they 
could track Mars and Venus as wandering back 
and forth against the background of stars; the 
word planet actually means “wanderer.”

If an earth-centered view was good enough 
for the highly-respected Aristotle, it was 
good enough for most folk in Cambridge. 
But as Isaac Newton arrived at Cambridge 
in 1661, astronomers on the European con-
tinent were turning learning upside down. 
Aristotle’s concept of an earth-centered uni-
verse began to wither away.

A medieval artist’s idea of Aristotle at work.  CC
Library of Congress LC-USZ62-110306
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him; the idea of planets traveling in anything 
but perfect circles was unthinkable.

Galileo the Great

Galileo Galilei (1564–1642) was a professor 
of mathematics at the University of Padua 
in the republic of Venice, in Italy, from 1592 
to 1610. Like other natural philosophers, he 
taught about all kinds of things besides math, 
including engineering and astronomy. His 
low pay relected the low status that math-
ematics and natural philosophy had in Padua 
at the time.

Kepler had his own ideas; he planned to use 
Tycho’s data to map a new concept of the 
universe.

when Tycho died in 1601, Kepler replaced 
him. Like others, Kepler envisioned planets 
orbiting in perfect circles, so Kepler searched 
Tycho’s notes about Mars’s orbit. Instead of 
fitting Tycho’s data into the concept of a 
circular orbit, Kepler studied the facts for 
what the numbers told him. He discovered 
that Mars travels in a slightly lattened orbit 
called an ellipse—an oval.

Kepler published his astonishing break-
through in 1609. Most astronomers ignored 

Nicolaus Copernicus (1473–1543)CC Tycho Brahe (1546–1601)CC Johannes Kepler (1571–1630)CC
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the city-state of Florence, Italy. As Galileo 
had hoped, an invitation soon arrived from 
the Grand Duke Cosimo II de’Medici. Soon 
Galileo took his place as chief mathemati-
cian and philosopher at the glittering court 
of the powerful Medici family.

In 1608 Galileo learned about a new “play-
thing” invented in Holland: the telescope. 
Galileo was a genius, and he quickly grasped 
what such an instrument could do for the re-
search that he loved. Using the high quality 
glass that was made in Venice, Galileo ground 
lenses and inserted them into a tube. Now he 
held a telescope that magniied faraway ob-
jects to appear eight times larger. He then 
built even better telescopes, instruments 
with 20- and 30-power magniication.

Galileo trained his telescopes toward the 
moon. It took some time for him to interpret 
what he saw as he watched shadows change 
on the lunar surface. But once he understood 
what he was looking at, Galileo knew he had 
made a giant discovery. The moon was not 
the perfect object Aristotle had envisioned. 
Its surface was rough with the same kinds of 
features that appeared on Earth, tall moun-
tains and huge craters that pockmarked 
everything. when Galileo turned his tele-
scope toward Jupiter, he viewed not only the 
immense, colorful planet but four wonderful 
surprises, Jupiter’s moons.

In 1610 Galileo published his discoveries 
in a short pamphlet he entitled Sidereus nun-
cius (Starry Messenger). Craftily, he named 
Jupiter’s four moons the “Medicean stars” 
and sent his little book to the powerful 
Medici (MED-uh-chee) family who ruled 

Galileo shows a telescope to a group of CC
Italian ladies. Library of Congress LC-USZ62-110447
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it will fall, up to a limit known as “terminal 
velocity.”

Supposedly, Galileo tested his new ideas 
by climbing the Leaning Tower of Pisa to 
drop lead balls off the top. This might very 
well be a tale that made for a good story, but 
Galileo did roll different sizes of bronze balls 
down long, smooth, inclined planes to test 
the concept, and he had the same result. The 
balls’ speed increased in proportion to the 
amount of time that elapsed, but not in pro-
portion to their masses.

Then Galileo turned to the question of 
projectiles, things like arrows, spears, can-
nonballs, and rockets. First, he said, they 
follow the Law of Falling Bodies, always 
returning to Earth after being thrown or 
launched. Next, he theorized that they stayed 
in light because of their inertia. Inertia is 
the tendency of things to stay in motion un-
less something else stops them.

This notion of inertia directly opposed Ar-
istotle’s worldview. Aristotle said that every 
moving object moved because something else 
was making it move. But Aristotle was wrong, 
Galileo said. Inertia just happens, just is; once 
a projectile is airborne, nothing else pushes it 
along. Again, Galileo was striking out at old 
ideas as he made his way to new ones.

Now well paid and highly regarded by 
powerful people in Florence, Galileo pros-

The name “Florence” refers to the Latin 
word flora, meaning “flower.” Indeed the 
lower of Italian cities, Florence stood at the 
heart of the Renaissance. Here, the Medici 
Court sparkled with learning. The Medicis 
led the pack of European royalty who illed 
their households with experts in all of the 
exciting subjects studied during the Renais-
sance. Their courtiers were engineers, map-
makers, astronomers, surgeons, and artists. 
No longer were Catholic monasteries the 
center of education. Europe’s royal families 
paid salaries to their courtiers and thus be-
came the sponsors of new learning.

Galileo grew up with Aristotle’s belief 
that objects fall at a speed in proportion to 
their weight. In other words, the heavier an 
object is, the faster it will fall. This idea ap-
peared to make sense; a roof tile falling off 
a building seemingly hits the ground faster 
than does a wooden shingle. But after giving 
the issue lots of thought, Galileo arrived at 
a far different conclusion. He theorized that 
in a vacuum, where there is no air to resist 
them, all objects would fall at the exact same 
rate of speed. The roof tile and the shingle 
would hit the ground at exactly the same 
time. Galileo called this the “law of falling 
bodies.” Galileo went on to say that, here 
on Earth, air resists falling objects. There-
fore, the longer an object travels, the faster 

In a vacuum chamber where there is no air, an apple CC
and a feather fall at exactly the same rate of speed.  

© Jim Sugar
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the book’s second half, Galileo went on to 
talk about the nature of motion. However, 
Galileo’s thinking never went far enough 
to actually arrive at the concept of gravity. 
That milestone would fall to another natural 
philosopher: Isaac Newton.

Galileo Galilei died in 1642. Newton was 
born less than a year later.

pered. He let everyone know that he agreed 
with Copernicus’s outrageous idea. His ob-
servations conirmed it. The earth orbited 
the sun. The earth, Galileo declared, was 
just a planet like all the others.

This pronouncement got Galileo into 
trouble with the other power player in Italy, 
the Roman Catholic Church. The Church 
taught that God had placed human beings 
on Earth in the very center of creation. A 
special court of the Catholic Church called 
the “Inquisition” charged Galileo with the 
crime of heresy—that is, Galileo’s ideas went 
against the Church’s oficial beliefs. Galileo 
faced being burned at the stake. There was 
no way out if the Church court condemned 
him as a heretic, or non-believer.

Galileo traveled to Rome to face his accus-
ers in a religious trial. By now, he was an old 
man, and he confessed to his “crime” even 
though he knew the truth. Galileo spent the 
rest of his days under house arrest. Seventy 
years old and partly blind, he kept at his re-
search and produced another amazing book, 
Discorsi e dimostrazioni matematiche, intorno 
a due nuove scienze (Discourses on Two New 
Sciences).

In his new book, Galileo wrote about the 
strength of common materials like wood 
and marble, the properties of liquids, the 
weight of air, and how pendulums swing. In 

Galileo, whose discoveries went against the teachings of the Roman Catholic Church, was forced to appear before the CC
Inquisition. Library of Congress LC-USZ62-11047
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N E w T o N 
T H E  M I S F I T
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H annah Newton sent Isaac to Cambridge with only a small amount of money 
for her son’s education. Thanks to her inheritance from Newton’s stepfather, 

which added to income from her farm in woolsthorpe, Hannah Newton Smith was a 
wealthy woman. But she was not willing to share her wealth with her son, at least not 
for a university education.

Hannah wanted to keep her son in farming. She had insisted on paying reduced fees 
when Isaac returned to school in Grantham. when Isaac entered Cambridge Univer-
sity, her mind didn’t change. Hannah packed Isaac off to college with just a few coins in 
his pockets when she could have afforded to set him up in style. Isaac only had enough 
for necessities. He wrote in his notebook that he spent some of his money for things 
like candles, ink, an ink bottle, and a chamber pot (apparently students brought their 
own toileting receptacles to keep under their beds).

By her actions, Hannah made it clear that if Isaac truly desired to go to university, 
he would have to work his way through. Thus, Isaac entered Trinity College in a most 
humiliating fashion: as a sizar.

Sizars worked as servants to Trinity’s teachers or well-off students. Probably the 
young sizar was not on a irst-name basis with those he served. Isaac became known at 
Cambridge simply as “Newton.”

Newton stood on the bottom rung of the social ladder, a rigid system that re-
lected life at Trinity College, Cambridge University, and all of England itself. In 
the mid-1600s, Trinity’s students split into roughly three groups that were examples 
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“talks.” wealth and social standing were two 
sides of the same coin, and rank certainly 
had its privileges at Cambridge University.

Morning chores must have come as a 
shock to Newton, who was used to having 
servants of his own at home in woolst-
horpe. Now he had to rise early, dress, and 
make his way to the kitchen to gulp down a 
cold breakfast of bread and beer before he 
took meals upstairs to the rooms of people 
he served. He also had the nasty task of 
gathering chamber pots from their rooms 
to empty them. In the evening, he again 
served meals to the higher class students 
in Trinity College’s Great Hall. only after 
his inal chore could he and the other sizars 
dine on the leftovers.

Still, Isaac Newton lived in a style that 
was a cut above the rest of the sizars at 
Trinity. His notebooks relected his social 
life outside of school. The entries he wrote 
showed that he had just enough extra money 
to make loans to both his fellow sizars and 
the pensioner students who supposedly out-
ranked him. He recorded their names in his 
notebook, and when a loan was repaid, he 
crossed their names out. Perhaps Newton 
was doing favors for the pensioners so that 
he could become friends with them; New-
ton no doubt felt he belonged with their 
group instead of with the other sizars. He Under King Henry VIII’s gaze, Isaac Newton waited on higher-ranking students in the Great Hall at Trinity College.CC
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studied theology. In fact, it was the destiny 
of every professor at Trinity to take holy or-
ders and become a priest in the Church of 
England; this was a rule. So Newton, too, 
moved beyond the study of the natural world 
to think about spiritual matters.

Again Newton departed from the usual 
thinking among members of the Church 
of England. Newton absolutely believed 
in God, but as the years wore on, Newton 
began to question some of the Church’s 
basic teachings that others held to be sacred. 
Newton was very quiet about his differenc-
es and only began to share them with a few 
close friends when he was a much older man. 
Perhaps he feared that no one would believe 
what he had to say. Most likely, Newton was 
caught up in his work like a spider snared in 
her own web.

Like so many men and women with enor-
mous intelligence, Newton didn’t see things 
the way most people do. He locked onto 
problems and would not let go until he had 
considered them from every possible angle.

Students and teachers at Cambridge Uni-
versity picked up on Newton’s odd ways. 
Then, as now, geniuses often act differently 
than others and do not relate to the group. 
we can only imagine that the other stu-
dents and masters looked at him with a mix 
of curiosity and dislike.

also joined students who gathered in taverns 
around Cambridge. Newton’s notes showed 
that he both won and lost bets when he 
played cards, though Newton claimed that 
he never lost a game of “draughts”—what 
we call checkers.

Even so, as with the boys at school in Gran-
tham, Newton did not it in. Already he was 
a year or two older than his fellow students 
in Trinity College. He was no longer just the  
head boy at a small school. He was nearly grown 
 up, and his thinking was maturing as well.

It soon became clear to Newton that he 
knew as much as or more about natural phi-
losophy than even some of the masters. He 
could see for himself that he was gifted with 
a remarkable ability to solve dificult prob-
lems about vast numbers of subjects. Newton 
also saw that he knew more about mathemat-
ics than nearly everyone at Trinity College. 
yet no one else realized it at the time.

During his early years at Cambridge, New-
ton never spoke outright about the thinking 
going on deep inside his head. As he illed his 
notebooks with ideas and experiments in all 
kinds of subjects, never did he share them 
with his teachers or other students. Newton 
took great care to hide his work.

As with all the others at Trinity College, 
Newton studied theology, the nature of 
God. In Newton’s day, every learned person 
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er Trinity student who was in the same pre-
dicament. Newton and the other student were 
taking a walk around the college grounds, 
probably trying to get away from noisy gath-
erings back in their rooms. That student was 
named John wickins, a pensioner. Like New-
ton, wickins took his studies very seriously.

In 1727, after both wickins and Newton 
were dead, wickins’s son wrote a letter to 
explain how his father came to be Isaac New-
ton’s roommate:

My Father’s Intimacy with Him came by 
meer Accident My Fathers irst Chamber-
fellow being very disagreeable to him he 
retired one day into the walks, where he 
found Mr Newton solitary & dejected; Upon 
entering into discourse they found their cause 
of Retirement the same, & thereupon agreed 
to shake off their present disorderly Compan-
ions & Chum together, which they did as soon 
as conveniently they could & so continued as 
long as My Father staid at College . . .

Newton and wickins “chummed” as room-
mates. From all appearances, John wickins 
was Newton’s only true friend at Cambridge 
University for his entire stay there. Newton 
was indeed lucky to make—and to keep—
wickins’s friendship.

wickins played a quiet but priceless role 
in becoming Newton’s assistant as the work 

(CC above) King Charles II and his lady friends enjoyed 
lighthearted, often silly games like “Hunting the Moth.” 
(left) The imposing statue of  King Henry VIII  
looked over Isaac Newton as he took his walks 
around the grounds of  Trinity College.
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L ike other new students at Trinity College, Newton met with a tutor during his 
early years at university. His name was Benjamin Pulleyn, a scholar who was well 

versed in many subjects. Newton made a point of reading through every assignment 
before he and Pulleyn discussed it. Frequently Newton knew as much as or more than 
his tutor did.

Apparently impressed, Pulleyn left his gifted student alone to study whatever he 
wished. Cambridge buzzed with talk about the work of a modern Frenchman named 
Rene Descartes (day-KART), the most famous philosopher of the day, and Newton 
decided that Descartes was a worthy subject. Descartes had an enormous intellect. His 
interests spanned the entire realm of knowledge in the irst half of the 1600s. He stud-
ied natural philosophy and mathematics. He created a map of the universe, with Earth 
located in the middle of it. He answered questions about the nature of being a human 
when he stated, “I think, therefore I am.” He asked about the nature of God, as well.

Descartes’ work inluenced teachers in universities all across Europe, who welcomed 
his up-to-date approach to learning. Descartes suggested that the universe works in a 
mechanical way. Planets, he wrote, move in currents of particles called vortices. Des-
cartes’ vortex theory accounted for his belief that there was no such thing as empty 
space. Something had to ill everything.

Newton tuned in to the talk about Descartes. Students could not enter Trinity’s 
library unless accompanied by a teacher, but somehow Newton got his hands on Des-
cartes’ books and read them.
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Rene Descartes (1596–1650)CC  Library of Congress LC-USZ62-61365

Descartes’ concept of planets traveling in vortices.CC

also established the need to answer them. Did 
Isaac Newton know he was among the irst 
to suggest that natural philosophers could 
perform experiments to answer their ques-
tions about science?

Newton began asking his Quaestiones 
sometime around 1662. In 1664 he moved on 
because different interests began to intrigue 
him. Descartes led him in a new direction, to 
the realm of mathematics.

A Genius Takes on Math

Newton arrived in Cambridge seemingly 
unprepared to tackle the algebra and geom-
etry lessons that other students worked on 
with their tutors. The study of algebra had 
arrived at Cambridge by way of Latin trans-
lations from Islamic scholars, especially the 
work of an Arab mathematician named Al-
Khwarizmi (al-kwar-Iz-mee), who lived from 
780 to 850. Al-Khwarizmi’s book, al-jabr w’ 
al-muqabalah, gave us the word algebra. Al-
gebra uses symbols like x, y, and z that make 
complex math problems easier to solve.

Geometry, however, was the invention of 
the early Greeks. Euclid, a mathematician 
who lived in Alexandria, Egypt, sometime 
around 300 b.c., organized the work of other 
Greek math scholars into a usable form. Eu-
clid’s geometry dealt with straight lines and 

Descartes led Newton’s thinking in many 
directions, irst one way, and then another. 
Newton had about one hundred empty pages 
in the middle of a notebook. He illed a few of 
them with his thoughts on Descartes. Then 
he made an abrupt change. He made a list of 
everything he wanted to study.

Newton penned the words Quaestiones 
quaedam philosophicae (Philosophical Ques-
tions). He used the rest of his notebook to 
set up headings under which he outlined the 
rest of his plan for reading. By the time he 
was inished, 45 different topics were in the 
notebook. These topics spanned all the sub-
jects in the ield now known as physics, and 
much more:

Of Attomes. Of a Vacuum & Attomes. Of 
Quantity. Conjunction of bodys. Of Place. 
Of time & Eternity. The representation of a 
clock to goe by water or sand. Of Motion. Of 
the Celestiall matter & orbes. Of the Sunn 
Stars & Plannets & Comets. Of Rarity & 
Density. Rarefaction & Condensation. Of 
heate & cold. Of Gravity & Levity. Of vio-
lent Motion. Of Aer. Of Water & Salt. Of 
Earth. Of God. Of ye Creation. Of ye soule.

The list goes on and on.
Newton’s Quaestiones represent a thresh-

old in human thinking. when Newton asked 
questions about the world around him, he 
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Society, a distinguished group of gentlemen 
who met in London to discuss natural phi-
losophy. Barrow’s latest study had taken him 
into the realm of numbers, and he became 
Trinity College’s first Lucasian Professor 
of Mathematics. Henry Lucas, a rich Eng-
lishman, had left money in his will so that 
Cambridge University could afford to pay 
a top mathematician. (other famous names 
were to follow Barrow’s as Lucasian Profes-
sor: Isaac Newton; astronomer George Airy; 
Charles Babbage, a mathematician who vi-
sualized the basics of computer program-
ming; and Stephen Hawking, an acclaimed 
21st-century physicist.)

But irst Newton dealt with the same chal-
lenge as other Trinity students. In the spring 
of 1664, he had to pass a scholarship exam at 
Cambridge in order to win a permanent place 
there. otherwise he would have to return to 
woolsthorpe. The pressure was on.

Newton faced tough competition: a large 
group of young men who spent their child-
hood at the westminster School in London 
automatically got scholarships. It helped 
to have friends with inluence at the Royal 
Court. Newton had none.

Newton knew it was time to catch up on 
his homework. His notes reveal that he went 
back to review books that he should have 
read when he irst came to university. Again, 

shapes—triangles, squares, and circles—in 
two dimensions.

Both regular algebra and geometry bored 
Newton so quickly that he skipped right over 
them to tackle a different kind of problem. 
At this point, reading Descartes’ books led 
Newton down a different path, this time to 
advanced mathematics. Descartes had writ-
ten on a new form of math that took Euclid’s 
geometry further than anyone had before. 
The French philosopher wanted to work out 
geometry problems in not two, but three 
dimensions—in real space, not just on paper. 
In order to reach his goal, Descartes applied 
algebra to geometry and called his new math-
ematics “analytical geometry.”

Newton taught himself Descartes’ new 
book, La Géométrie (Geometry); he didn’t 
know anyone at Cambridge who could in-
struct him. only a Latin version was avail-
able to him because Newton couldn’t read 
French. He studied a few pages at a time, 
going over and over them until their mean-
ing was clear. Then he moved on.

However, there lived in Trinity College 
someone who did understand Descartes’ 
analytical geometry. To Newton’s good for-
tune, Trinity College was the workplace of 
Dr. Isaac Barrow, by all accounts a brilliant 
scholar in subjects ranging from Greek to 
astronomy. Barrow belonged to the Royal 

Isaac Barrow was the first Cambridge professor to CC
hold the Lucasian Chair of Mathematics. Isaac Newton  
and other distinguished scholars have followed Barrow  
through the years.

 41





including Drs. Barrow and Babington, still 
had any hint that Isaac Newton’s brain held 
uncommon genius.

Pests, Plague, 
and the Wonder Years

In the spring of 1665, as he studied for his 
exams, Newton heard frightening news. 
Londoners were dying of the plague. Eng-
land’s most feared disease, the plague struck 
several times during the 1600s. People had 
good reason to be alarmed. In the 1300s, 
the plague had swept through Europe like 
ire through a house of straw. By the time it 
faded away, one of every three men, women, 
and children was dead. The plague became 
known as the “Black Death.”

People in Newton’s Cambridge had no 
idea that the plague was caused by a deadly 
relationship between two everyday pests—
black rats and f leas. In the 1600s, both 
thrived across Europe. Fleas lived alongside 
families in every household, rich or poor. 
Black rats hid in thatched roofs and building 
walls. Rats ate garbage, and every town had 
garbage to spare.

Black rats carried plague. Fleas need blood 
meals from a host animal, and when leas in 
search of a meal bit black rats, they became 
infected with plague as well. A bite from an 

though, Newton totally neglected the ba-
sics of Euclid’s geometry. when Dr. Barrow 
gave Newton an oral exam on Euclid’s work, 
Newton couldn’t explain simple geometry to 
the esteemed professor at all. Dr. Barrow had 
no clue that Newton understood Descartes’ 
much more dificult analytical geometry be-
cause Newton never told him.

For whatever reasons, Newton won him-
self a scholarship. Maybe Dr. Barrow saw 
promise in Newton as a scholar, despite 
Newton’s terrible performance in geom-
etry. At some point, Newton must have 
impressed Dr. Barrow with his grasp of 
mathematics. Perhaps others also recog-
nized that Newton was smarter than the 
rest. Most likely, he had a mentor with inlu-
ence at Cambridge in the form of Dr. Hum-
phrey Babington. Babington was rector of 
a church near wools thorpe and a senior 
fellow—an upper- level teacher—at Trinity. 
Dr. Babington’s sister was married to Mr. 
Clark, the apothecary in Grantham, and 
Newton had lived with the Clarks during 
his days at the King’s School. Quite possibly 
Dr. Babington put in a good word for New-
ton with the fellows at Trinity College.

Newton was now a graduate of Trinity 
College and on his way to earning a master’s 
degree. However, not one person in all of 
Trinity College or Cambridge University, 

A giant image of a flea drawn by Robert Hooke,  CC
a member of the Royal Society.
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mer of 1665 was unusually warm and humid 
for a city so far north. The hot, sticky weath-
er made a perfect climate for leas to thrive.

The plague was horriic. People ran high 
fevers as infected glands in their armpits, 
groins, and necks swelled to the size of dried 
purple plums. Victims’ brains were affect-
ed, and many of the sick went out of their 
minds, running madly through the streets. 
once city authorities discovered them, they 
nailed their doors shut, imprisoning not only 
the victims but everybody else inside. A red 

infected lea transferred plague into an un-
lucky person’s bloodstream.

Not even Isaac Newton could guess that a 
type of bacteria carried plague from a rat to 
a lea to a human victim. No one even knew 
that bacteria existed. More than two hun-
dred years would pass before doctors used 
microscopes to identify bacteria that caused 
the plague.

Then the plague arrived in Cambridge, in 
the company of travelers and the leas that 
rode along in their woolen clothes. The sum-

An early woodcut depicts the CC
devastation of the plague.
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Plague doctors wore long waxed gowns and CC
beaked masks filled with herbs to ward off disease 

as they visited their patients. Franklin Mint

cross slashed across the door told everyone 
outside that the plague had struck.

If 10 people in a household became sick, 
only two or three would survive. Nurses 
were supposed to care for them, but ev-
eryone complained that they did nothing 
but steal from those they were supposed 
to help. Every night during that hot sum-
mer, body collectors called out for the dead 
as they drove carts through the streets to 
haul corpses to cemeteries and dump them 
in mass graves.

Many remedies were offered, and people 
were willing to try anything to keep from 
becoming infected. They burned fires to 
ward off the “bad air” they believed car-
ried the disease. They wore bundles of herbs 
like rosemary, mint, and wormwood around 
their necks and grew herbs in their windows. 
Sometimes they ired guns in their homes, 
hoping that the stench of gunpowder would 
kill the vile, evil pestilence. A Cambridge 
doctor even suggested that healthy citizens 
wear a tiny piece of excrement from a plague 
victim in a bag around the neck to ward off 
the disease.

By summer’s end, most Cambridge stu-
dents and their tutors had escaped the city 
to smaller villages to continue their study. 
Isaac Newton, who didn’t need a tutor, sim-
ply went home to woolsthorpe.

Quiet Time in Woolsthorpe

The plague died away during cold weather, 
so Cambridge University opened the follow-
ing March, and Newton returned. But with 
the coming of another warm summer, the 
plague struck again, and once more he left 
the university. For the better part of two 
years, from 1665 until 1667, Newton lived 
in woolsthorpe. with nothing to prove to 
teachers and no distractions of life in a noisy 
college, Newton seemingly thrived.

Among historians who wrote about New-
ton until the early 1900s, it was fashionable 
to refer to this period as Newton’s anni mira-
bili, his “miracle years.” Recent historians, 
however, took a less romantic, more objec-
tive view and found that Newton’s miracle 
years weren’t miraculous at all. Four years 
of learning at Cambridge had filled New-
ton’s mind. Left alone at woolsthorpe, Isaac 
Newton could simply do what he did best: 
think and wonder.

Newton used his two years at wools-
thorpe to let everything bubble up inside his 
head. All he had learned at Cambridge about 
natural philosophy and mathematics now 
fermented like yeast in the bread and beer he 
had for breakfast. During the day, he could 
look into the garden and watch apple trees 
blossom into fruit that ripened and fell to 
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Why do things always fall down?

Why doesn’t the moon fall down onto the 
earth?

How fast does a cannonball ly before it starts 
to fall to earth?

Why do comets ly by Earth at regular 
intervals?

Why do planets stay in orbit?

Isaac Newton was beginning to grapple 
with the concept of motion. Back in Cam-
bridge, Newton had realized that mathemat-
ics could help him ind the answers to these 
questions. For a time during his years at 
home, he pushed this thinking further.

Newton wrote papers that discussed 
curves and how to do the math in order to 
ind the area under them. These mathemati-
cal skills would help him solve problems 
about moving objects. He called his new 
form of math luxions, which later became 
known as “calculus.”

Newton did not work miracles during his 
months of retreat from the plague, but they 
certainly were his “wonder years.” Newton 
wondered, and he asked questions.

Then he set about to answer them.

the ground. when it rained, he could won-
der why rainbows appeared. At night, he still 
watched the heavens for stars and planets, 
just as he had when he was a boy.

Quiet time gave Newton a chance to re-
lect on all he had learned. what was more, 
he had inished growing up. He had started 
Cambridge at age 18. Now he was 22, a man 
with a maturing mind. Nothing could stop 
him from asking more and more about the 
universe. Just like a great artist or mag-
nificent composer, Newton was driven by 
a powerful need to create. He did not cre-
ate paintings, nor did he write symphonies. 
Newton created questions that started right 
outside his window and reached to the far-
thest points in space:

A rainbow appears over Newton’s  CC
historic home in Woolsthorpe. Roy Bishop

• 
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In the spring of 1667, Isaac Newton returned to Cambridge. In London, the Great 
Fire had burned the city to the ground in 1666. All through England, it seemed that 

the plague had burned away as well.
Newton continued his odd ways. Beyond sharing quarters with John wickins, he 

made no real friends. He had made incredible advances in his thinking during his years 
of isolation at woolsthorpe, but he never volunteered a shred of knowledge. He never 
told anyone about his work in luxions. No one had a clue just how far his mind had 
roamed, or that Newton was well on his way to uncovering the laws governing how 
planets wander back and forth across the sky.

Early in 1669, Professor Barrow showed Newton a book sent from a London mathema-
tician named John Collins, who circulated messages among math scholars in England and 
Europe. The book, illed with groundbreaking ideas, was written by a German math-
ematician named Nicholas Mercator. Mercator’s topic was logarithms, a means for math-
ematicians to use exponents in order to simplify dificult mathematical calculations.
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ematicians in England and abroad. whether 
Isaac Newton liked it or not, his name began 
to spread beyond the walls of Trinity Col-
lege and Cambridge University.

Professor Newton Lectures on Light

In 1669 Professor Barrow resigned his pro-
fessorship at Trinity College to take his place 
as a clergyman in the Church of England—
the next step for a Cambridge professor. He 
nominated Newton, who had completed his 
master’s degree the previous year, to take his 
place.

when Newton became the new Lucasian 
Professor of Mathematics, he was able to drop 
his tiresome job as tutor for a group of bored 
students. A professor’s task was to write and 
deliver a lecture each week during the term 
and then to ile a copy of it in the Cambridge 
library. Predictably, Newton’s bright ideas 
went right over the heads of students, as well 
as many teachers at Cambridge. No one sat 
taking notes during his lectures. often, stu-
dents and other faculty passing by the lecture 
hall would see Newton there alone, decked 
out in his scarlet gown, speaking to an empty 
room. Professor Newton was “lecturing to 
the walls,” as one passerby explained things.

Isaac Newton could have lectured on any 
one of his many passions, such as mathemat-

Reading Mercator’s published work was 
enough to jolt Newton out of secrecy. Mer-
cator’s book made public about half of the 
same work that Newton had completed on 
luxions at woolsthorpe, a strong hint that 
the other half was not far behind. Newton 
pulled out his notebooks and hurried to write 
his own treatise, which he entitled De analysi 
(Of Analyses).

Newton’s pride overcame his silence. He 
needed to show the world that his thinking 
stretched far beyond Mercator’s. He willing-
ly shared his paper with Barrow. However, 
true to form, Newton forbade his professor 
to send De analysi on to Collins. Barrow must 
have pressured Newton to change his mind 
by guaranteeing that Collins would send the 
paper right back. Newton gave in, feeling 
secure because Barrow agreed to Newton’s 
demand: Newton’s name was not to appear 
on the manuscript.

Collins was an ordinary, but passionate, 
scholar of math. He saw instantly that New-
ton’s paper was dazzling, and his positive 
comments appeared to ease Newton’s anxi-
ety. Finally, Newton agreed to put his name 
on the paper.

Collins kept his word and returned New-
ton’s paper to Barrow—but irst he was pru-
dent enough to copy it by hand. He also wrote 
letters about Newton’s work to other math-
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birth, a Dutchman named willebrord Snell 
discovered the “Sine Law of Refraction.” 
However, Rene Descartes, the French scien-
tist, became the irst to put the sine law into 
print. Snell and Descartes observed that light 
is bent when passing through certain materi-
als. This phenomenon is called “refraction.”

you can observe refraction for yourself by 
placing a stick in a pool of water. The stick 
appears to be bent, because the water refracts 
the light. Descartes said that a refracted ray 
of light follows these rules:

Light is bent according to the composition and 
thickness of the material it is going through.

and

There is a constant ratio (relationship) 
between the angle of the light as it enters the 
medium and the angle of light once it is bent.

Isaac Newton agreed with Descartes’ 
thinking about refraction. However, when 
it came to the theory of how a beam of white 
light breaks into colors, Newton parted com-
pany with Descartes.

Descartes believed that when light passes 
through a material, the material itself, which 
he called a “medium,” changes the light into 
different colors. He wrote that white light is a 
pure, unchanging form. However,  Descartes 

ics or the laws of motion. Either was a valid 
topic for a natural philosopher in the late 
1600s. No one knows for certain why the 
young professor decided that his first lec-
tures would cover optics, the study of light. 
Nonetheless, this topic captivated natural 
philosophers of all stripes.

As early as 300 b.c., the ancient Greeks un-
derstood a basic principle of light. The Greek 
mathematician Euclid (yEw-klid) knew that 
a ray of light follows a simple rule:

The Angle of Incidence (Incoming Light) = 
The Angle of Relection (Outgoing Light)

For example, when a ray of light falls onto a 
mirror at a certain angle, the mirror relects 
the light away at the same angle—when looked 
at from the opposite direction. (The same 
thing happens when you throw a rubber ball 
against a wall.)

There was another rule in optics that New-
ton understood. In 1621, well before Newton’s 

water

this angle 
remains 
constant

this angle 
remains 
constant

ray of light

60°60°

ray of light

mirror
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two boards. He set the boards between the 
prisms, one board just beyond the irst prism 
and the second board in front of the second 
prism. Newton then rotated the irst prism 
so that it could refract just one color of the 
spectrum through the holes in both boards 
and then through the second prism.

If Descartes’ ideas were correct, then the 
second prism should change that one color 
of light yet again. But it didn’t. Red light re-
fracted through the first prism stayed red 
after it lowed through the second. The same 
thing happened with blue light at the other 
end of the spectrum.

Newton now knew for certain that white 
light comprises all the colors visible to the 
naked eye. (In the 1900s, physicists went on 
to learn that there is an entire electromag-
netic spectrum of light waves that we can-
not see including microwaves, x-ray waves, 
infrared waves, and TV waves.)

what was more, Newton watched as each 
refracted color always was bent at the same 
angle. A ray of blue was bent at the  sharpest 

never did any experiments to prove whether 
his ideas were correct. He based his work on 
beliefs he already had about light and how it 
behaves. He never tested his ideas in a scien-
tiic manner.

During his years of withdrawal at wools-
thorpe during the plague, Newton had ex-
perimented with light. At a big country fair, 
Newton possibly spotted a set of prisms—
solid glass triangles that appear to break up 
sunshine. He took them home and began to 
experiment with them. To prove his theory, 
he placed a prism in a darkened room. New-
ton arranged the window shutters so that a 
tiny beam of light shot through it, landing on 
a wall 20 feet across the room.

Newton then examined the tiny spot on 
the wall. There sat a rectangular rainbow 
comprising seven colors, what we call the 
“spectrum” of red, orange, yellow, green, 
blue, indigo, and violet. Newton was con-
vinced that white light is made up of distinct 
colors. He wrote that “Light it self is a het-
erogeneous mixture of differently refran-
gible rays.” In other words, as a ray of white 
light lows through a prism, the light is bro-
ken up into the spectrum.

To prove that point, Newton took things 
further. He left the irst prism where it was 
and placed a second prism several feet be-
yond the irst. Then he drilled tiny holes into 

Newton analyzing a ray of light.CC

red  
light

red  
light

white light
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ture light from a distant object and another 
lens to refract it into an eyepiece. Trouble-
some fringes of light appeared around these 
images.

Newton tackled the obstacle of chromatic 
aberration by completely redesigning the 
telescope. He used a concept developed—but 
never built—by Scottish astronomer James 
Gregory and drew up plans for a relecting 
telescope. He chose a tiny concave mirror 
to capture light and reflect it into a second 
mirror. This mirror then relected the light 
through an eyepiece.

All that Newton had learned as a boy build-
ing tiny waterwheels and paper lanterns served 
him well; he was not only a gifted scientist but 
also an expert artisan. with his own hands, 
Newton built the telescope of beech wood and 
brass. Inside it he placed a tiny metal mirror 
just two inches in diameter.

The mirror was Newton’s handiwork as 
well. He chose metal as a material because it 
was easier to work with than glass—Newton 
needed to be sure that his mirror curved to his 
exact speciications. At home in his chambers, 
Newton used a furnace to melt copper, tin, 
and highly toxic arsenic into an alloy that he 
could mold and then grind into a mirror.

Newton wrote about the process in a let-
ter to the Royal Society, referring to himself 
in the third person:

angle; a ray of red was bent much more 
 gently. This discovery became enormous 
once Newton applied mathematics to the re-
fraction of light. He saw that, as white light 
travels through a prism and is broken up into 
the spectrum, each color travels not only in 
its own direction, but also at its own speed.

years later, Newton called this his experi-
mentum crucis—his “crucial experiment.” 
Newton had hypothesized, observed, mea-
sured, and recorded his findings on paper, 
building on Francis Bacon’s ideas about the 
scientiic method. All the years of watching 
rainbows and tinkering with prisms had burst 
into a new idea: white light wasn’t pure at all. 
Newton was so convinced that he was correct 
he posed this new idea as not just a hypothesis, 
but as a theory. He knew his idea was right.

A New View on the Telescope

Newton performed other experiments to 
test his ideas. As he placed lenses on top of 
other lenses, or placed curved lenses on top 
of lat glass surfaces, he made notes of how 
they refracted light. Newton also attacked a 
problem known as “chromatic aberration,” 
which had annoyed Galileo as he built his 
telescopes.

Galileo applied the concept of refraction 
in his telescopes by using one lens to cap-
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Society got wind of it, and at its request, Pro-
fessor Barrow hand-carried Newton’s inven-
tion to London in late 1671.

Newton’s reflecting telescope caused a 
huge stir. King Charles himself inspected 
the night sky with Newton’s tiny creation. 
Shortly thereafter, Isaac Newton was elected 
to membership in the Royal Society. with 
no means of registering a patent on Newton’s 
behalf, the group took care to make sure that 
the young scholar would receive due credit 
for his work.

Henry oldenburg, secretary to the Royal 
Society, sent Newton a letter warning him 
that unscrupulous inventors might claim 
the telescope as their own. oldenburg sent 
a description of the instrument to Newton 
so that he “might adde, & alter” the Soci-
ety’s report to make it perfect. only then 
would the Royal Society feel free to share 
with other scientists, especially Christiaan 
Huygens of Holland, the leading astronomer 
of the day.

The way, which he used, was this. He irst 
melted the Copper alone, then put in the 
Arsenick, which being melted, he stirred them 
a little together, bewaring in the mean time, 
not to draw in breath near the pernicious 
fumes. After this, he put in Tin, and again 
so soon as that was melted (which was very 
suddenly) he stirred them well together, and 
immediately powred [poured] them off.

Newton had circumvented the problem of 
chromatic aberration. Even more revolution-
ary was the size of his new telescope—it could 
it in his hand, yet it magniied objects nearly 
40 times. Better, Newton wrote, “yesterday 
I compared it with a six foot Telescope, and 
found it not only to magniie more, but also 
more distinctly.”

once Newton allowed his creation into 
public view, the little telescope caught the 
fancy of some important people. Astrono-
mers began to send letters asking Newton 
about his invention. Before long, the Royal 

secondary mirror

eyepiece

light ray

light ray

A refracting CC
telescope sends an 
image through two 
lenses directly into 
the observer’s eye.

rays of light from the star

to the eye

focus
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lens

A reflecting telescope CC
captures an image in 
a concave mirror and 
reflects it to a second 
mirror which bounces the 
image into an eyepiece.

primary 
mirror

 55



Then Newton went further. He promised 
the Royal Society a letter that would be “an 
accompt of a Philosphicall discovery wch in-
duced mee to the making of the said Tele-
scope.” He promised to share his theories 
about color with the Royal Society. Indeed, 
what his little telescope could do mattered 
little to him. More important to Newton was 
what his telescope represented: Newton’s so-

Newton was flattered by the clamor his 
invention created at the Royal Society. He 
seemed to feel an unusual sense of security 
now that the Royal Society had welcomed 
him into its inner circle, and for a time, his 
aloofness disappeared. Like a flood break-
ing through an earthen wall, Newton spilled 
forth with letters to explain the workings of 
his little telescope.

(above)CC  Newton’s reflecting telescope.  
(right) Isaac Newton’s sketch of his reflecting telescope.  

Library of Congress LC-USZ62-110449 

56



the positive comments it received. Flattered, 
Newton immediately agreed that his paper 
should go into print. on February 19 New-
ton’s “Letter on Light & Colours” appeared 
in the Society’s Philosophical Transactions.

Then the trouble started. what was so 
obvious to Newton wasn’t obvious to oth-
ers—even to many of the brilliant natural 
philosophers who met at meetings of the 
Royal Society.

In those early days of science, there was 
already a pattern of question-and-answer 
that continues to this day. Someone offered 
an idea; others asked questions or offered 
their own thoughts. Ideas were refined or 

lution to the problem of chromatic aberra-
tion. Those annoying fringes of light were 
gone. To Newton, that was the discovery. 
Surely, the natural philosophers of the Royal 
Society would now eagerly agree with all he 
had to say about the nature of light.

Newton could not have been more wrong.

A Fight About Light

On February 6, 1672, Isaac Newton sent his 
irst “Letter on Light & Colours” to the Royal 
Society. The paper was read aloud at the so-
ciety’s next meeting, and Secretary olden-
burg sent Newton a glowing report about 

The Hubble Telescope (CC left) uses an 
immense concave mirror (detail at right) 
to capture light from deep space. NASA
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other hand, was convinced that light travels 
not in particles, but in waves. Newton’s the-
ory on light was wrong, Hooke wrote to the 
Royal Society, just another unproved claim.

But Hooke had completely missed the 
point of Newton’s letter, and Newton grew 
ever more frustrated. His paper was about 
the nature of white light, not that it traveled 
in particles. In Newton’s mind, his theory 
about light was exactly that, a theory which 
he had proved through experimentation. How 
dare Hooke question that?

Newton blew up. Back and forth angry 
letters lew, for years. Secretary oldenburg 
was caught in the middle of Newton’s fury, 
as he received Newton’s letters at the Royal 
Society and was in charge of making them 
public. often he cautioned Newton to tem-
per his nasty comments about Hooke. Some-
times Newton behaved himself, but on other 
occasions he let ly his contempt for Hooke. 
what Newton should have seen as profes-
sional became personal.

within months, Newton wrote to olden-
burg that he wished to quit the Royal Society 
altogether. It took oldenburg a fair amount 
of charm to calm Newton down. olden-
burg’s lattery worked, and Newton stayed as 
a member of the Royal Society.

In 1675 Newton journeyed to London 
where once again he mingled with powerful 

even tossed out, progress followed, and new 
learning grew.

Clearly, the standofish, awkward New-
ton could not accept the give-and-take of a 
hearty debate. England’s Astronomer Royal, 
John Flamsteed, criticized his paper. From 
Holland came a letter from Huygens praising 
Newton’s work, followed later by Huygens’ 
observations that perhaps Newton wasn’t 
correct, after all. A scholarly Jesuit priest 
from France, Ignace Gaston Pardies, sent 
Newton a series of pointed questions that 
only made clear that the French scientist had 
no clue to what Newton was talking about.

Newton seemed to be able to shake off 
criticism from Flamsteed and Pardies, but 
he reserved a particular distaste for Robert 
Hooke, an older member of the Royal Soci-
ety. Seven years Newton’s senior, Hooke was 
well known and the recognized leader in the 
Royal Society. His book Micrographia (Small 
Drawings) had secured Hooke’s place in the 
society as an expert on optics.

Hooke’s ideas on the nature of light con-
tradicted Newton’s. Hooke wrote a letter to 
the Royal Society to point out mistakes in 
Newton’s thinking. As Hooke understood 
from reading Newton’s “Letter,” Newton 
believed that light traveled in small pulses 
that he called “corpuscles,” tiny particles 
that streamed through space. Hooke, on the 
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appeared to settle their differences and 
wrote elaborate letters to one another. Their 
lowery words praised each others’ brilliance 
and the beneits of sharing their thoughts. 
Newton even went so far as to admit that he 
owed Hooke’s work a huge debt: “If I have 
seen further it is by standing on ye sholders 
of Giants.”

Perhaps Newton was praising Hooke. But 
perhaps not. Maybe Newton believed that 
his work built on the earlier effort of other 
scientists, the “giants.”

Quite possibly Newton was making fun 
of Hooke. Isaac Newton knew that Robert 
Hooke was uncommonly short.

A Matter of Mathematics

As Newton was consumed by defending his 
work on optics, he got word about another 
mathematician, Gottfried wilhelm Leib-
niz (LIBE-nitz), a German whose brilliance 
shone nearly as bright as Newton’s own. At 
the young age of 20, Leibniz published an 
essay that laid down the foundation of logic on 
which today’s computers run. Like Newton, 
Leibniz was a gifted man who studied natural 
science, philosophy, languages, and theology. 
Just like Newton—though nearly a decade 
later—Leibniz developed calculus all on his 
own. Like Newton, Leibniz was invited to the 

men. Perhaps to impress them, Newton went 
back to Cambridge and prepared two more 
letters for the Royal Society. one of the let-
ters, “Discourse on observations,” went on 
to reappear 30 years later in his classic book 
Opticks. The second paper was titled “An Hy-
pothesis explaining the Properties of Light.” 
Newton explained that this paper was his 
effort to “render ye papers I send you, and 
other sent formerly, more intelligible [easier 
to understand]. you may see by the scratch-
ing & interlining ’twas done ins hast [haste],” 
Newton added.

Newton may have written this paper in 
a hurry, but it dealt with much more than 
the nature of light. In fact, it was the irst 
time that he exposed his thinking about the 
nature of the universe to public view. True, 
“Properties of Light” discussed his ideas on 
light, but Newton expanded his topics to dis-
cussions of chemistry, as well as a mysteri-
ous low of a substance he called “ether” that 
kept planets in orbit around the sun.

Again Robert Hooke complained, this 
time charging that many of Newton’s ideas 
had appeared in Micrographia. Secretary 
oldenburg, whom historians think probably 
favored Newton over Hooke in their feud, 
suggested that the two write each other per-
sonally. Privately, each one fostered his dis-
like for the other. yet, Newton and Hooke 

Astronomers use calculus to pinpoint the CC
location of any planet in our Solar System. NASA

Gottfried Wilhelm Leibniz (1646–1716)CC
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But other matters, mysterious doings that 
kept him awake for nights on end, were eating 
away at Isaac Newton, both body and soul.

Royal Society to show off a novel invention, 
an automatic calculating machine.

Leibniz wanted to write directly to his 
mathematical twin. Again Newton refused to 
deal with Leibniz directly. Instead, he would 
send letters only through John Collins in 
London. once Collins died, contact between 
the pair was cut off. Preferring to shut him-
self away in Cambridge, Isaac Newton never 
learned that Leibniz developed luxions by 
himself, just as Newton had. Leibniz called 
his new branch of mathematics “calculus,” 
the term still used today.

Scholars know that when Leibniz visited 
London in 1676, Collins gave him a look at 
Newton’s writings on mathematics. Leibniz 
took notes about things he didn’t understand. 
Importantly, Leibniz did not take notes on 
Newton’s writings about luxions, the rea-
son that historians assume that Leibniz un-
derstood them—he had already worked out 
calculus on his own. This “priority dispute,” 
the argument about who invented calculus 
irst, plagued both men for years.

Newton’s refusal to share his knowledge 
came back to haunt him decades later, when the 
priority dispute about calculus raged all over 
Europe. Had Newton actually written Leib-
niz directly, the pair might well have found a 
solution to prevent future disagreements.

• 

A Calculus a
People in many jobs use math in order 
to observe physical things as they under-
go change. For instance, trafic managers 
study how far a truck will skid, while NASA 
engineers predict exactly when a robot 
will touch down on Mars. In each case, re-
searchers apply mathematical calculations 
to test their hypotheses and work out their 
conclusions.

Gottfried Leibniz used the term calculus 
to describe this branch of mathematics. Cal-
culus and calculate rise from the same Latin 
root word calx, a small stone used to keep 
score in games.

However, Isaac Newton’s term fluxions 
also closely described the math we use to 
study physical changes. Flux often refers to 
the motion of rivers and streams, coming 
from the Latin luere, “to low,” and luus, 
“lowing.” Have you ever heard an adult say 
that something is “in lux?” That means that 
it’s in motion and not in its inal state.

In truth, Leibniz’s calculus and New-
ton’s luxions were one and the same. They 
shared interests, too. Leibniz and Newton 
asked about extremes. How large or long 
could something expand? How small or 
short could it shrink? They thought about 
the concept that a number could be ininite-
ly large or small. They also studied curves, 
both how curves slope and how to calculate 
the areas beneath them.

As the 1700s unfolded, more natural phi-
losophers began using calculus in their ex-
periments. Today, students study calculus in 
high school and college to use for research 
in everything from physics to business to 
history itself.

Some researchers think that scholars in 
India, the “Kerala School,” developed basic 
calculus 250 years before Newton and Leib-
niz lived. while stacks of manuscripts in 
Newton’s handwriting show that he copied 
others’ works in order to study them, there 
is no evidence that Newton copied anyone 
else’s work on calculus.
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B y 1673, Newton had earned enough inluence at Cambridge University to merit 
extra workspace. A set of wooden stairs led down from his rooms in Trinity Col-

lege to a garden just outside. Sometimes Newton worked there, scratching math prob-
lems or drawings in the gravel walk. He directed the efforts of a gardener who cared 
for the plants there as well.

But more was going on in that garden. There, secluded by a tall brick wall, Newton 
kept a private laboratory. Newton himself built a pair of brick and mortar furnaces for 
heating the ingredients he used in his experiments.

with the exception of John wickins and whoever kept the place clean, no one ven-
tured inside Newton’s secret laboratory. There, Newton surrounded himself with glass 
phials, crucibles (containers to melt metals), funnels, and lasks. Even the garbage his 
experiments generated was kept a secret and dumped in a far corner of the garden close 
to the wall of the Trinity Chapel.

Newton was known to keep secrets, but he had a particular reason to hide this work 
in his laboratory. Isaac Newton practiced the forbidden art of alchemy.

Alchemy had been practiced since the days of the ancients. Babylonians, Egyptians, 
East Indians, Chinese, and Arabs all worked in laboratories in pursuit of the same goal, 
to turn base metals like lead or iron into precious ones like silver or gold. In Europe, al-
chemists did the same thing, seeking to become masters of great wealth and inluence.

Such explorations were kept quiet. At least some alchemists were said to be dabbling 
in black magic and witchcraft, which gave a bad name to them all. The Church viewed 

6
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these heavy containers of hot, liquid metal. 
Curiously, wickins never seemed to have 
realized exactly what his chamber-fellow was 
doing.

Newton went on to combine these molten 
metals and observed how they became al-
loys, or mixtures of metals. Sometimes his 
experiments yielded alloys of gold and silver. 
with wickins to assist, Newton set about to 
discover the properties of metals and what 
happened when he mixed them with other 
chemicals such as oil of vitriol (sulfuric acid) 
or aqua fortis (nitric acid).

Newton attacked his work with the in-
tensity of a madman. He toiled long into 
the night, slept in his clothes, and awoke to 
start right to work again. He left his cham-
ber to take walks, then turned tail to run 
back upstairs to write something down in a 
notebook. He forgot to eat, or would eat his 
supper, now cold and sticky, for breakfast the 
next morning.

Newton obviously was far more intent on 
stirring up his own chemical creations than 
eating his meals. He sniffed vapors as met-
als “cooked”—and he tasted his alchemical 
mixtures once they cooled down. Many of 
the metals he used, especially mercury and 
antimony, were highly toxic. Newton was ex-
tremely lucky that he did not poison himself 
or damage his brain.

alchemy as a sin and wrathfully prosecuted 
those who practiced it. Kings and queens 
didn’t like the idea either—unless an alche-
mist was looking for ways to provide their 
majesties with a way to manufacture pre-
cious gold and silver. So alchemy was shroud-
ed in mystery, a fact well-suited to Newton’s 
secretive nature.

Alchemists hid other, more mysterious 
goals. They labored to discover a magical 
product, a liquid called the “philosopher’s 
stone.” They envisioned the philosopher’s 
stone as the “irst matter,” truly the spark of 
cosmic being. Such an elixir (liquid) of life, 
they believed, could heal people who were sick. 
To discover the philosopher’s stone would un-
lock the secret gate to eternal life. Possess the 
philosopher’s stone, and an alchemist would 
hold the key to the very mind of God.

Isaac Newton’s alchemy took its own 
unique form. He sought ancient secrets 
using methods that he created for his own 
use. Thus Newton applied his own version 
of the scientiic method to alchemy. Unlike 
other alchemists, Newton actually designed 
experiments with metals, acids, and bases.

John wickins fed the charcoal furnaces 
as Newton carried on his experiments. The 
furnaces’ intense heat enabled Newton to 
melt lead and other metals in earthenware 
crucibles. wickins then helped Newton lift 

Isaac Newton’s garden in a Trinity College courtyard. CC
Stairs led to his rooms on the second floor.

A medieval woodcut shows an alchemist’s furnace.CC
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Newton lived and worked at Trinity Col-
lege in Cambridge, he performed some 400 
alchemical experiments. Newton’s study 
also resulted in the Index Chemicus (Chemical 
Index), a guidebook to all the writings he dis-
covered about alchemy. with 879 headings, 
5,000 page references, and references to 100 
other authors, it was clear that Newton knew 
his subject inside and out.

Alchemy conjures up images of wizards 
and snakes and boiling cauldrons of strange 
potions. But this was not what Isaac New-
ton was up to, nor does it seem that Newton 
practiced alchemy just because he wanted 
to turn lead into gold. Most likely, Newton 
searched for secrets of a more spiritual na-
ture. He was on the hunt for the philoso-
pher’s stone itself.

By practicing alchemy, Newton yearned 
to find the “first matter,” universal truths 
that tied up everything in the cosmos into 
one neat package that was simple to explain. 
Isaac Newton was convinced that simplicity 
reigns.

Chymistry

Although Isaac Newton was willing to go 
public with his work on the theory of light in 
1675, he made certain that no light was ever 
shed on his alchemy. Two centuries passed 

he conducted hidden behind his garden wall 
at Trinity College.

of course, Newton was never a garden-
variety alchemist. His strong skills in 
mathematics, as well as his zest for actually 
experimenting with metals and chemicals, 
gave him an advantage. Isaac Newton grew 
to understand that, even in alchemy, real 
chemical processes were taking place.

As with every other topic that interested 
him, Newton began a notebook to record 
his work in alchemy. over the 30 years that 

Alchemists chose the Greek god Jupiter to represent CC
the properties of tin, a metal. When you shake a thin 

sheet of tin, it rumbles like the sound of thunder, one 
of Jupiter’s features. Library of Congress LC-USZ62-123889
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Looking for God

In the early 1670s, Isaac Newton opened yet 
another notebook and started to write. This 
time, however, his interests moved beyond 
natural philosophy to theology: the study 
of God. Isaac Newton was an intensely re-
ligious man. He firmly believed that God 
was the creator of all things. God’s hand, 
Newton believed, was behind everything 
the eye could see, from the way planets trav-
eled through the sky to the tiniest chemical 
changes he observed in his laboratory.

Newton faced inner struggles, too. He had 
a strong moral compass and worried about 
the state of his own soul. when he irst came 
to Trinity College at the age of 18 or 19, he 
made a detailed list of his sins in his notebook 
during the Easter season. Some of these sins 
show that Newton had the usual spats with 
his half-brothers and sisters, as well as with 
boys at school. others hint that Newton, 
even though he was now at the university, 
had been bitter with anger at his mother for 
leaving him at woolsthorpe when she left to 
marry Barnabas Smith.

As for his 13th sin: Newton was 10 years 
old when his stepfather died and his moth-
er came back to woolsthorpe. obviously, 
he carried with him sour memories, as well 
as his sins, for a very long time. Still, Isaac 

before scholars examined thick sheaves of 
Newton’s papers—one million words’ worth 
of papers—and found out that he was up to 
some very hush-hush work. Isaac Newton 
was an alchemist. And he had done a superb 
job of hiding that fact.

By the time Newton undertook the study 
of alchemy in the later 1600s, it was cross-
ing over into a brand-new area of science: 
chemistry, or “chymistry,” as Robert Boyle 
called it. Boyle, another natural philoso-
pher known as the father of modern chem-
istry, practiced chemistry and alchemy 
interchangeably. Many of the laboratory 
techniques he and Newton discovered over-
lapped both ields.

Boyle was about one generation older than 
Newton, quite an old man by the time Newton 
met him at the Royal Society in 1675. Newton 
knew that Boyle was an alchemist as well as a 
student of chemistry and began to correspond 
with him. Their letters relected their pas-
sion for learning—not just the “what” but the 
“why” of alchemical processes.

Many would not consider alchemy to be 
a pure science, but there is no doubt that, as 
alchemists, Boyle and Newton made valu-
able discoveries. The secrets they studied 
actually laid a foundation for chemists like 
Joseph Priestly and Robert Faraday who fol-
lowed them in the 1700s.

This image is but one person’s idea of how CC
God could appear. Library of Congress LC-USZ62-50185
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lieved that Jesus was indeed divine, but that he 
was entirely a separate being from God. To be 
an Arian, as Newton was, was to be a heretic, 
a traitor to the established Church.

Newton had to fight an inward, private 
battle. In his heart of hearts, he knew he 
could not go through a ceremony of ordina-
tion to become a priest. He could not swear 
on the Bible that he believed in the Trin-
ity. But he could not reveal his true beliefs 
about the nature of Jesus. To do so would 
mean he would be excommunicated from the 
Church of England—thrown out of church 
and thrown out of Cambridge University. 
His good name would crumble, and he would 
never get another job in a university. Qui-
etly, Newton began to hint that he might 
have to leave Trinity College.

Newton studied the Bible in search of ar-
guments to back up his beliefs. He wrote out 
12 statements in his notebook that explained 
his point of view, but he didn’t reveal them 
to anyone else. Nowhere in the Bible is the 
Trinity mentioned, Newton wrote. The 
doctrine of the Trinity arose during a meet-
ing of the early Christian Church leaders 
in the 320s. Newton explained that one side 
promoted the doctrine of the Trinity, while 
another group supported the Arian belief. A 
political dispute arose, and, ultimately, the 
group in favor of the Trinity took power 

Newton remained devoted to his mother for 
the rest of her life, and he spent long months 
in woolsthorpe caring for her before she 
died when he was in his late thirties.

By 1670, Newton faced very real concerns 
about his religious beliefs. He was now an im-
portant igure at Trinity College. As with all 
professors at Trinity, he was expected to take 
holy orders by 1675 and become an ordained 
priest in the Church of England. otherwise, 
he would have to give up his position as the 
Lucasian Chair of Mathematics.

Newton did not accept one of the major 
teachings of the Church of England. The An-
glican Church, as with all Christian groups, 
recognized the doctrine of the Trinity. Grow-
ing up, Isaac Newton learned in church that 
God the Father, Jesus Christ, the son of God, 
and the Holy Spirit all were individual beings, 
yet all one and the same. “Three in one, and 
one in Three,” is how a priest would explain 
one of the Church’s greatest creeds. Chris-
tianity taught that Jesus was both the son of 
God as well as God Himself. Jesus, Christi-
anity declared, was both a complete human 
being while still fully divine.

But as he grew older, Isaac Newton no lon-
ger could believe in the Trinity. He followed 
the ideas of an early monk in the Christian 
church named Arius, who had lived in Egypt 
in the 300s. Arians, named for this monk, be-

The Trinity drawn as three faces in one Being.  CC
Library of Congress LC-USZ62-50185
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Newton never explained his true reasons to 
Barrow and made up some other excuse that 
Barrow accepted. However, the matter was 
settled. From that day forward, no one who 
ever held the Lucasian Chair was required to 
become a priest.

Isaac Newton was on a quest to open the 
mind of God. He continued to explore the 
Bible for signs and prophecies. He wanted to 
know the future. Newton eagerly read the 
prophets—the Book of Daniel in Hebrew 
texts and the Book of Revelation in the New 
Testament—looking for their predictions 
of future events. Christians taught that at 
the end of time, as humans experience it, 
God would return to establish a kingdom on 
Earth. So Newton looked to scriptures for 
clues predicting the time of God’s return.

Newton also examined the floor plan of 
Solomon’s Temple in ancient Jerusalem, the 
most holy shrine for Jewish believers. Newton 
revered King Solomon as one of the greatest 
igures among the ancients. Solomon designed 
the temple, Newton suspected, not only as 
a holy place but also as a secret guide to the 
future of every man and woman on Earth.

A Mind Open and Shut

Barely anyone ever realized all that was 
going on in Isaac Newton’s mind, or in his 

over the church. But to Isaac Newton, the 
Trinitarian doctrine was false teaching.

Somehow, Newton wiggled out of his 
problem. In August 1668, he made a trip to 
London and asked to be excused from becom-
ing ordained—but to keep his job as Chair of 
Mathematics at Trinity College.

Newton had to make his request to no one 
less than King Charles II, the Supreme Head 
of the Church of England. King Charles 
granted his request, probably at the urging 
of Isaac Barrow, Newton’s old professor, who 
now was an Anglican priest himself and an 
advisor to His Majesty. It seems likely that 

An early model of how the  CC
Jerusalem Temple might have appeared. 

Library of Congress LC-DIG-matpc-11785
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pected that his chamber-fellow was a here-
tic. If he had, no doubt wickins would have 
been horrified. Newton hid his work and 
beliefs well.

There was little that wickins had to say 
about Newton at all. once wickins left 
Cambridge, he seemed to forget the small 
details of his life as Newton’s friend. He left 
no memoirs of his Cambridge years. when 
wickins’ son asked about his father’s years 
as Newton’s roommate, all that wickins 
recalled was Newton’s “forgetfulness of 
food, when intent upon his studies” and that 
Newton could be pleasant in the morning if 
a night of work had resulted in an important 
discovery.

After wickins left Cambridge, Newton 
needed a new assistant. He settled on young 
Humphrey Newton (not a relative), who 
came from the same school in Grantham 
that Newton had attended. For five years, 
Humphrey Newton worked at Isaac New-
ton’s side. Unlike wickins, Humphrey New-
ton left several letters that told of his boss’s 
odd habits. After Isaac Newton’s death, oth-
ers interviewed Humphrey Newton as they 
prepared to write biographies about the mys-
terious scientist. All these documents shed 
valuable light on how intently Isaac Newton 
worked in his laboratory during those hid-
den years:

laboratory. Even those who lived in close 
quarters with Newton could not fully 
comprehend the depth of his studies. John 
wickins copied hundreds of documents for 
Newton, but these did not deal with either 
alchemy or theology. wickins never sus-

Isaac Newton at the age of 46.CC
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Newton could work side-by-side with an-
other person for years and never reveal his 
innermost thoughts. He could make a joyous 
discovery, or he could fall into deep depres-
sion. Either way, no one else knew. Hum-
phrey Newton took care to note that he saw 
Isaac Newton laugh only once in the five 
years he served him.

Newton was not doing wizards’ work, but 
by the time he was 30, anyone who saw him 
might have thought him one. Newton’s hair, 
which he wore to his shoulders in the fashion 
of the day, was silver gray. Newton’s mind, so 
open to new ideas, remained closed to people 
around him.

•

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, especailly at spring & ffall of the Leaf, 
at which Times he us’d to imploy about 6 weeks 
in his Elaboratory, the fire scarcely going out 
either Night or Day, he siting up one Night, as 
I did another till he had inished his Chymical 
Experiments, in the Performances of which he 
was the most accurate, strict, exact: What his 
Aim might be, I was not able to penetrate into 
but his Paine, his Diligence at those sett times, 
made me think, he aim’d at somthing beyond 
the Reach of humane Art & Industry.

Clearly, Humphrey Newton had no clue 
that Isaac Newton practiced alchemy. Isaac 
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On a bitter January day in 1684, Robert Hooke, Christopher wren, and Edmond 
Halley sat in lively conversation, likely in one of London’s coffeehouses. Mem-

bers of the Royal Society like Hooke, wren, and Halley often gathered to swap stories 
and debate the issues of the day. This day, their topic was natural philosophy, specii-
cally the nature of planets and their orbits. why did planets circle the sun? what kept 
them from lying off wildly into space?

All three men believed that Johannes Kepler was correct in his thinking 150 years 
earlier. Planets, they agreed, travel around the sun in elliptical orbits. They also agreed 
that there is a principle, an inverse square law, which creates a hidden bond between 
the sun and planets. But Hooke, Halley, and wren had a common problem: they had 
no way of proving their ideas. They couldn’t do the math.

The story goes that wren made an offer. Surely Isaac Newton would be able to 
offer an answer. wren went on to promise a gift of a very expensive book to Hooke 
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ball Newton. It appeared that Newton liked 
Halley as well. But Halley had to wheedle 
Newton for some time until Newton inally 
responded to his pleas. Newton expanded 
those few pages of De motu into one of histo-
ry’s greatest books, the Philosophiae naturalis 
principia mathematica (Mathematical Principles 
of Natural Philosophy).

once Newton began to write, he couldn’t 
stop. Hidden away in his chambers at Cam-
bridge, Newton dipped his quills into ink 
and scratched page after page of the Principia 
(prin-KIP-ee-uh). For over two years, he did 
nothing else. He sent the book a piece at a 
time to Halley, who excitedly awaited each 
arrival.

Halley the astronomer played a starring 
role by getting Newton’s work into print. 
The Royal Society agreed to publish the 
Principia but provided no money for the proj-
ect. The society had lost a bundle on its pre-
vious publication, The History of Fishes. Thus, 

and Halley. whoever sought out and got a 
response from Isaac Newton would win the 
treasured volume.

Robert Hooke was not about to confront 
his archrival Newton in person. But seven 
months later, Halley did. In August, 1684, 
Halley showed up unannounced in Cam-
bridge and made his query. Did Professor 
Newton have proof that planets journey in 
elliptical orbits?

To Halley’s delight, Newton replied yes. 
Newton was certain about his answer. He 
had worked it out a good 10 years earlier, and 
had the proof on paper. But when the elusive 
Newton went looking for the proof, he ap-
parently had second thoughts and claimed 
it was misplaced. Nonetheless, Newton sent 
Halley back to London with a promise to 
send him the proof as soon as he “found” it.

Three months later, the still untrusting 
Newton “uncovered” his paperwork. In No-
vember 1684, a nine-page paper, De motu cor-
porum in gyrum (On the Motion of Revolving 
Bodies), reached Halley’s hands. As he read 
the paper—in Latin, of course—Halley was 
astounded. Newton’s explanation was a work 
of pure genius. Halley knew that somehow 
he must coax Newton into writing much 
more about his ideas.

During his visit to Cambridge earlier that 
year, Halley had taken a liking to the odd-

The title page of Isaac Newton’s CC
masterwork, the Principia. Coffeehouse scene, c. 1700. CC Library of Congress LC-USZ62-47443
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once Newton had established these dei-
nitions, he laid out three laws that govern 
motion:

1. Law of Inertia. An object in motion will 
stay in motion unless acted upon by an outside 
force. An object at rest stays at rest unless 
acted upon by an outside force.

2. Law of Acceleration. The rate at 
which the momentum of an object changes is 
proportional to the force acting on it.

3. Law of Action and Reaction. For 
every action, there is an equal and opposite 
reaction.

As groundbreaking as Newton’s Laws of 
Motion were, they served only as stepping 
stones to the biggest idea in the Principia: the 
Law of Universal Gravitation. when Isaac 
Newton looked at the night sky, he grasped 
that the earth, moon, planets, and stars all 
moved according to the same formula. Isaac 
Newton “got it”—“it” being gravity. In the 
Principia, Isaac Newton did the math to 
prove how gravity worked.

when Halley and his fellows in the Royal 
Society read the Principia, they were stunned. 
For the irst time in western science, some-
one was offering an explanation of universal 
gravitation, this mysterious force that held 
the universe together. The Principia threw 

it fell to Halley to scrape up the pounds the 
project required. He risked going into debt 
when he footed the bill himself, but his gam-
ble turned out to be a good one. when the 
Principia came into print, its reputation sur-
passed anything ever written about science.

Principles from Planets

In Newton’s Principia, 20 years of observa-
tion, study, and thinking about the nature of 
all things came together. It took Newton hun-
dreds of pages to roll out his thoughts. The 
Principia opened with a set of deinitions that 
served as Newton’s foundation for thinking 
about the natural world. In today’s study of 
physics, these deinitions still stand:

Matter—anything that takes up space

Mass—the measure of a quantity or amount 
of matter

Momentum—the quantity of motion, which 
is the product of velocity (speed) and mass

Inertia—the power by which an object, if it is 
at rest, stays at rest, or if in motion, will travel 
in a straight line

Force—an action applied upon a body

Centripetal Force—an attraction toward 
the center of something (as in gravity)
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Newton used the moon as the example for 
his claims about gravity. The moon was sim-
ple to observe, its orbit easy to track every 
28 days. He applied his laws of motion to the 
moon’s orbit in this way:

The moon is always falling down toward the 
earth (Law of Gravity)

but

The moon is always traveling in a straight 
line due to inertia (First Law of Motion)

therefore

The moon follows an orbit around the earth.

Just as he had with optics, Newton used 
experiments to test his ideas about gravity. 
The Principia devoted much space to these 
explanations, but the book was nearly im-
possible to understand. Except for a handful, 
even the most learned members of the Royal 
Society could not begin to grasp its ideas. 
Back in Cambridge, as Newton took a walk 
on the street one day, one student was heard 
to tell another, “There goes the man that has 
writt a book that neither he nor any body 
else understands.”

when Newton was an old man, he of-
fered a simpler story to a dinner guest about 
how he came upon the idea of gravity. It all 
happened, Newton recalled, when he was a 

with Descartes’ claim that planets travel in 
whirlpools of vortices. Newton wrote that 
gravity, not vortices, makes all objects—
large and small, near and far—cooperate in 
machine-like perfection.

Newton compared the universe to the 
mechanism of a huge clock. Clocks work 
in ways that can be measured and counted. 
Newton declared that gravity makes the 
universe work in the same manner. Gravity 
works far out in space in exactly the same 
way it works on Earth. Isaac Newton had de-
veloped the theory of universal gravitation.

inertia keeps moon in a straight path moon

Earth

moon’s 
orbit 

around 
Earth

gravity 
attracts 

the moon 
toward 
Earth’s 
center

the moon “falls” 
toward Earth

Gravity could attract the moon all the CC
way to Earth, but inertia keeps things in 

balance, all the time.

86



3,600 times stronger than its pull on the 
moon.

Newton well might have made up his tale 
about gravity to amuse his guest. Tall tale or 
not, the notion of an apple falling toward the 
center of the earth offered his guest a clear 
picture of how gravity works.

In the Principia, Newton applied his ideas 
about gravity to other natural events such 
as the paths of comets. This notion excit-
ed astronomers like Flamsteed and Halley, 
who used Newton’s mathematics to predict 
the return of a giant comet that had swept 
through the skies in 1680. Newton also used 
his calculations to show how the moon’s 
gravity tugs at the earth to create the rise 
and fall of tides on oceans everywhere.

By the 1700s, during the Enlightenment, 
better instruments allowed natural philos-
ophers to make enormous progress in sci-
entific discoveries. They were able to test 
Newton’s ideas and confirm that Newton 
was correct.

Then, in the early 1900s, an unknown pat-
ent clerk named Albert Einstein put forth his 
own ideas about the nature of the universe. 
Einstein asked about what happens to objects 
as they travel near the speed of light. Ein-
stein also asked about the motion of particles 
that are smaller than atoms and molecules. 
Unlike the natural philosophers of Newton’s 

young man hiding from the plague at home 
in woolsthorpe.

Newton explained his discovery. out-
doors, he had watched an apple fall from a 
tree to the ground. As always, the apple fell 
down. Newton sensed that whatever pulled 
the apple downward also pulls the moon to-
ward the earth. The apple was much closer, 
so the earth’s pull was much stronger on the 
apple than on the faraway moon. But apple 
or moon, the earth exerted a force on each. 
Newton called this force “gravity.”

Newton tested his thinking about gravity 
like this:

1. He knew the apple had fallen just 16 feet 
from the tree to the ground.

2. He knew how far it is from the ground to 
the earth’s center.

3. He also knew how far the moon is from the 
earth’s center—60 times farther than the 
apple tree was. 

But only one law must apply to both. And 
that, Newton declared, would be the inverse 
square law:

Force =   
1–
d
2  ( “d” stands for distance )

Thus, Newton calculated, Earth’s gravita-
tional pull on the apple is 602—60 × 60—or 
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force: forces always work in pairs. If a soccer 
goalie blocks a ball with his chest, the goalie 
is pushing the ball away.

Gravity

Did you ever watch a baby sit in a highchair 
and drop things to the loor? you might get 
annoyed at having to pick them up, but for 
the baby, the process is fascinating. No mat-
ter what that baby pushes off the tray, ob-
jects always fall down.

Sure, you say, that’s because gravity pulls 
them in that direction. Remember though, 
there are two forces at play. For instance, are 
you holding this book up as you sit at a desk? 
The book would fall down onto the desktop, 
but your hands are pulling it up. Are you 
slouched back in your chair? If the back of 
the chair didn’t push you up, you’d fall over 
backward.

A similar process occurs when you stand 
on the earth. your body pulls the earth to-
ward you and the earth pulls back, although 
you cannot feel this at all. why not? Let’s 
say that you weigh 100 pounds. A 100-pound 
mass of you is pulling on the earth. However, 
the entire mass of the earth is pulling on you, 
always and all at once. In other words, Earth’s 
gravity is the force that pulls you down. But 
at the same time, your body makes its own 
tiny tug to pull the earth toward you.

times, physicists in the later 1900s had the 
beneit of instruments to test Einstein’s ideas 
for themselves.

Like Newton’s ideas, Einstein’s theories 
shook the world. But even to this day, no one 
has found a way to fully explain gravity.

Thinking About Force

In school, you have no doubt learned about 
various kinds of forces—gravity, friction, 
magnetism, and so on—all observable forces. 
Newton’s work dealt with things he could 
observe with the instruments he had avail-
able to him in the 1600s. Sometimes Newton 
did “thought experiments” in his head. In the 
next few pages, you can think about forces 
and do a few simple physical and mental ex-
ercises to help you understand them.

Feel the Force 

Forces are simply the constant pushing or 
pulling on things everywhere. Hook one end 
of a rubber band to a stationary object, such 
as a knob on a closed door. Pull on the other 
end of the rubber band.

It might seem that your right arm is doing 
all the pulling, but the rubber band is pulling 
back, too. A force can feel like a pull, but it 
can feel like a push, as well. And that con-
tinuous push/pull tells us another fact about 
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6,000,000,000,000,000,000,000 tons. In 
numerals, this would read “6 sextillion tons.” 
(If you are expressing things in pounds, make 
that about 1.32 × 1025 pounds.)

Here’s a common mistake many students 
make. we measure mass in pounds or ki-
lograms. So you might think that mass is 
the same thing as weight. But that’s not so. 
Weight describes how much gravity is pull-
ing on you. on the earth, if you weigh 100 
pounds, it means that Earth’s gravity is pull-
ing 100 pounds of you toward the earth’s cen-
ter. on the moon, though, you would weigh 
only one-sixth as much, or about 16 pounds, 
even though your mass is the same.

yes, the moon has gravity, too, but the 
moon’s mass is only one-sixth the mass of the 
earth, with one-sixth as much gravitational 
pull. However, your mass is the same wheth-
er you are on the earth or on the moon. If 
you sat on a sled on either the earth or the 
moon, it would take just as much force to get 
you moving—no matter whether you’re sled-
ding on snow or moon dust!

Friction

As objects move, lots of things resist them. 
we call this “friction.” Solids, liquids, gases 
—all three states of matter cause friction 
when something moves against them or 
through them.

How Does “Mass” Differ 

from “Weight?”

Mass is the amount of matter in an object. 
More speciically, mass is the measurement 
that describes how much an object resists 
being moved. The greater the mass of some-
thing, the more dificult it is to move from 
its position when it’s standing still.

Still don’t get the picture? Think back 
to the previous section. Picture you, a 
100-pound kid, pushing against the earth 
with your bare hands. It’s you pushing 
your force against the earth, whose mass is 
roughly 6 × 1021 metric tons. That’s your 
mass, 100 pounds, against the earth’s mass, 
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thing won’t happen with your heavy back-
pack. As the backpack travels this short dis-
tance, there is not enough friction to push 
back on your backpack to slow down its fall 
to the ground.

But imagine that you could drop your 
backpack from a skyscraper one mile high. 
As the backpack starts to fall, it moves faster 
and faster until it reaches terminal (maxi-
mum) velocity. But the air is pushing back 
against your backpack. your pack keeps fall-
ing but cannot fall any faster. The air pushes 
back and causes drag on your backpack.

Try another thought experiment. Sup-
pose you decide to launch your backpack 
into orbit. what’s required? you are right if 
you think that you’d need a rocket or some 
kind of really huge cannon. you find the 
world’s biggest cannon and load your back-
pack. what would it take for your backpack 
to make it into orbit? Look at the question 
another way. what’s resisting your backpack 
as it lies toward space?

In order for your backpack to escape 
Earth’s atmosphere, your cannon must force 
it beyond the pull of Earth’s gravity. That 
means your cannon must ire a monumental 
blast to force your backpack into space. (In 
actual terms, your backpack must travel at 
least seven miles per second in order to es-
cape Earth’s pull on it.) your backpack must 

wave your hands through the air. you 
can feel air molecules push against your 
palms. Rub your hands together. Friction 
from both palms makes your skin heat up. 
Clap your hands. Friction works there, too, 
as you smash more air molecules between 
your hands.

Air, water, other objects, and the earth 
itself all cause friction to resist a body in 
motion. Do you remember the story that 
Galileo dropped lead balls off the Leaning 
Tower of Pisa? Do a thought experiment. 
Imagine that you drop your loaded backpack 
and a single sheet of paper off a roof at the 
same time. you are correct if you think your 
backpack will hit the ground irst. why? Air 
resistance will catch the paper and cause the 
paper to float on its way down. The same 

Earth
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yes, the moon doesn’t have air, but it cer-
tainly has gravity. Can you think how the 
moon’s gravity might affect things here on 
Earth? (If you answered “tides,” you are 
correct!) As the moon orbits the earth, it 
tugs at the earth’s oceans and pulls them up 
away from land. The tide usually rises and 
falls twice each day. As the moon circles the 
earth, it pulls not only the ocean but also the 
earth’s crust and core, so that the ocean rises 
on the opposite side of the earth, too.

travel exceedingly fast with incredible force. 
Too fast, and your backpack will escape 
all together and ly off into space. Not fast 
enough, and it will fall to the ground.

If you launch your backpack at just the 
right speed, Earth’s gravity will capture 
it and send it into orbit. For a time, your 
backpack will circle the earth. Eventually, 
though, friction from other things like solar 
wind particles and other objects in orbit will 
cause your backpack to lose speed, and it will 
fall back to Earth.

Forces on the Moon— 

and Everywhere Else

Now imagine that you are standing atop a 
building on the moon with your backpack 
and a piece of paper. on the moon there is 
a vacuum—no air at all. If you drop your 
backpack and paper off the roof, they will 
hit the moon’s surface at exactly the same 
time. There is no air on the moon to create 
friction to slow the paper down.

On December 22, 1968, astronauts on the U.S. CC
Apollo 8 mission circled the moon and took the first view 
of an “Earthrise” from beyond our nearest neighbor in 
space. NASA

moon

moon’s  
orbit

Earth

• 
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On February 6, 1685, Isaac Newton could hear the church bells in Cambridge 
sound a slow, deep toll. Serious news had arrived from London. The king was 

dead, and he had no heir to take his Crown. Charles II, the “Merry Monarch,” had 
plenty of illegitimate sons and daughters by his long string of lady friends, but the king 
and his wife, Queen Catherine, never produced a child of their own.

The masters of Cambridge frowned in worry. Charles’s younger brother James 
would take England’s throne, and James was an ardent Catholic. Cambridge University 
was strictly a place for members of the Church of England. The university’s leaders 
were deeply suspicious of Roman Catholics, whom they accused of “popery”—holding 
their allegiance to the pope in Rome.

James was crowned King James II, and immediately the new king set out to solidify 
the position of the Catholic Church in England. His actions were nothing new; ever 
since the days of Henry VII, the Church of England and Roman Catholics had battled 
for control of the monarchy, if not the soul of England herself. All through the land, 
James and his supporters installed Catholics as leaders in government and in churches. 
James did the same thing with universities. In early 1687 he charged a university leader 
in Cambridge with misconduct and tried to install one of his own followers.
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Newton joined a group of Cambridge of-
ficials who traveled to the Royal Court in 
London to stand up for their position against 
one of the King’s most dangerous judges, 
Lord Jeffreys. Lord Jeffreys’s name was on 
the tongue of many Englishmen because he 
had ordered the hanging of 320 peasants who 
rebelled against King James.

Despite supporters like Judge Jeffreys, the 
inexperienced King James met strong oppo-
sition when he tried to impose Catholicism 
on England. Then James found himself in 
even more trouble. In November, 1688, a Prot-
estant hero from Holland, Prince william 
of orange, set sail with Dutch warships for 
England. In Cambridge, 50 miles from Lon-
don, Isaac Newton guessed correctly that the 
Dutch had won a victory. As the story went:

. . . their guns were heard as far as Cambridg, 
and the cause was well known, but the event 
was only cognisable [clear] to Sir Isaac’s sa-
gacity [wisdom], who boldly pronounc’d that 
they had beaten us . . . by carefully attending 
to the sound, [Sir Isaac] found it grew louder 
& louder, consequently came nearer. from 
whence he rightly infer’d [igured out] that 
the Dutch were victors.

James’s power base crumbled, and he led 
to Catholic France where he could live safe-
ly. By now, Isaac Newton’s name was well 

Isaac Newton took part in the uproar that 
followed. Though Newton secretly ques-
tioned the Church’s beliefs about the Trinity, 
he irmly stood with the Church of England 
against popery. Newton joined Cambridge 
oficials who used their pens and wits to ight 
back against King James’s attempts to bring 
Catholicism to Cambridge University.

(above)CC  King James II (1633–1701)  
(right) William of Orange was welcomed to 

England during the Glorious Revolution.
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In 1687 Newton made the acquaintance of 
a gifted mathematician newly arrived from 
Switzerland. His name was Nicolas Fatio 
de Duillier (FAH-tyo duh DwEE-yay), a 
young man whose head was illed with the 
teachings of Descartes. Quickly Newton set 
the youthful scholar straight in his thinking, 
and Fatio, as he was called, readily accepted 
Newton’s principles to explain gravity and 
motion. Newton became Fatio’s mentor, and 
Fatio became Newton’s adoring pupil.

As with John wickins, Newton’s friend 
at Cambridge, Newton seemingly developed 
an all-consuming attachment to Fatio. They 
visited back and forth in London and Cam-
bridge, and Fatio often carried letters from 
Newton to Christiaan Huygens and Got-
tfried Leibniz on the European mainland. 
The friendship between Newton and Fatio 
ended due to some misunderstanding that 
has never become clear. Fatio left England. 
As promising as his career had been, he never 
achieved the greatness that Newton could 
have predicted for him.

As Newton spent more and more time 
in London, life in the capital city grew ever 
more appealing to him. It became clear to 
him that London, and not Cambridge, was 
the seat of intellectual fever in England. In 
the quiet away in Cambridge, he had been 
able to think great thoughts and accomplish 

The respected philosopher John Locke 
sought Newton out, and the pair became 
friends. As brilliant as Locke was, he could 
never claim to understand the mathematics 
in the Principia. However, he saw that New-
ton’s written explanations of his science were 
pure genius.

Newton, who had never willingly shared 
his insights with others, treated Locke dif-
ferently. For years they corresponded about 
all of Newton’s interests except for math-
ematics, a topic where Newton far outpaced 
his illustrious pen pal. A favorite issue in 
their letters was religion. Apparently com-
fortable that his friend shared his opinions 
about the nature of God, Newton revealed in 
his letters his true thinking about the Trin-
ity. Such frankness was a big departure from 
Newton’s usual secrecy.

Newton also became a friend of Samuel 
Pepys (PEEPS), a Londoner who invited 
Newton to dine at his home. Like Newton, 
Pepys was a Cambridge man, respected as 
the president of the Royal Society. Pepys en-
joyed an active social life. He had an energet-
ic curiosity about the world and surrounded 
himself with men and women who could ei-
ther entertain or inform him. For more than 
10 years, Pepys kept a diary to chronicle not 
only his exploits—he had many adventures—
but also the tiniest details of his days.

“William and Mary”—King William III (1650–1702)  CC
and Queen Mary II (1662–1694)
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about inding work in London, could have 
pushed Newton past the breaking point.

But by mid-September 1693, Newton’s 
London friends began to get brighter letters 
from him. Newton offered an explanation 
for his strange acts:

The last winter by sleeping too often by my 
ire I got an ill habit of sleeping and a distem-
per wch this summer has been epidemical put 
me further out of order, so that when I wrote 
to you I had not slept an hour a night for a 
fortnight [two weeks] together and for 5 
nights together not a wink.

Signs showed that Newton was beginning 
to recover from his breakdown. He began to 
revise the Principia in order to answer the 
questions of those who had read it. Again he 
took up writing letters to mathematicians 
such as Gottfried Leibniz. He renewed his 
ties with his friends in the Royal Society, 
such as Locke and wren.

As he made additions and changes to the 
Principia, Newton ine-tuned his own think-
ing about the nature of matter and of mo-
tion. Newton was an “atomist.” He believed 
that tiny particles of matter were scattered 
throughout a universe that is mostly empty 
space. Gold, he wrote, is made up of particles 
within particles, proven by the fact that both 
mercury and acids can penetrate it.

during the first half of 1693, 51-year-old 
Newton fell into a deep depression. It was 
as though he had dropped into a black hole. 
From his chambers in Trinity College, he 
wrote angrily to his good friends Locke and 
Pepys. Newton’s letters were wildly off -
balance. To Pepys he wrote, “I am extremely 
troubled about the embroilment I am in . . . 
but am now sensible that I must withdraw 
from your acquaintance, and see neither you 
nor the rest of my friends anymore. . . .”

Newton furiously scrawled that Locke had 
tried to “embroil me with woemen [women]” 
whom Newton probably felt were a distrac-
tion from a life devoted to serious study and 
thought. For several months, he had no of-
ficial contact with anyone outside a small 
circle of people in Cambridge.

People wondered what happened. Rumors 
spread that Newton collapsed after a ire in 
his rooms destroyed some of his work on 
the revision of the Principia. others thought 
that, after all the lurry of getting the Prin-
cipia into print, Newton was simply worn 
out. Twenty exhausting years of secret work 
in alchemy had gone nowhere. Newton’s 
break with Fatio de Duillier and the loss 
of his young admirer could have added to 
Newton’s troubles. Even the strain of going 
public with so many well-known scientists 
and scholars, together with the worry he felt 

Isaac Newton as a middle-aged man.  CC
Library of Congress LC-USZ62-10191
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Trinity College, Newton had befriended a 
young gentleman named Charles Montague. 
The fortunate Montague was a well-to-do 
student whose father paid his way through 
Cambridge, and Montague never had to 
prove himself as a scholar. However, as an 
adult, Montague wanted so much to read the 
Principia he paid for extra math lessons in 
order to understand what Newton wrote in 
his masterpiece.

After Montague left Cambridge, Newton 
kept track of his friend’s progress. Montague 
held a position in the Royal Mint, the part 
of England’s treasury that manufactured 
coins. As Montague took ever-more impor-
tant jobs, his influence grew. By 1694, he 
was Chancellor of the Exchequer (similar to 
the post of Secretary of the Treasury in the 
United States). Newton was well aware of his 
young friend’s growing power and made sure 
to stay connected to him.

with Montague’s help, Isaac Newton, at 
the age of 53, became warden of the mint in 
1696. As with everything he did, Newton at-
tacked the duties of his new job head-on. He 
left Cambridge University and Trinity Col-
lege, and except for one brief visit, he never 
returned. He looked forward to a new life in 
London. All that Isaac Newton needed to do 
was to master the mint.

•

when he applied this thinking to giant 
bodies such as planets, Newton argued that 
the same rules were in place. Space, he said, is 
mostly empty, and gravity keeps the planets 
and comets in their regular orbits. “. . . since 
all phenomena of the heavens and of the sea 
acting in accordance with the laws described 
by me; and since nature is very simple, I have 
myself concluded that other causes are to 
be rejected and that the heavens are to be 
stripped as far as may be of all matter. . . .”

As the 1690s wore on, Newton also con-
tinued to work on other topics like math-
ematics and optics that had consumed him 
when he was a young man. But now he was 
more than one-half century old himself. The 
creative part of his life in scientiic research 
was complete.

But one afternoon in 1697, Newton re-
turned home tired from a busy day to ind 
a challenge waiting for him. An unnamed 
scholar had published a very tough math 
problem and challenged others to solve it. 
Newton sat down immediately, took pen in 
hand, and wrote the correct answer. The 
challenger later declared that no one but the 
great Isaac Newton could have provided the 
solution: “we know the lion by the mark of 
his claw.”

By now, all of Newton’s angling for a posi-
tion in London was starting to pay off. At 

YYYYYYYYYYYYYYYYYYYYYYYYYYYYYYY

A rival mathematician referred to Newton CC
as a lion known by “the mark of his claw.”
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The Royal Mint stood securely within the walls of the Tower of London, Eng-
land’s most famous fortress. The castle, already 600 years old when Newton was 

alive, sat surrounded by a moat and two thick stone walls. It was a perfect spot to house 
a factory that made coins of the realm in precious gold and silver crowns, half-crowns, 
guineas, farthings, and pennies.

As warden of the mint, Newton found that his hands-on job meant he not only had 
to work in the tower; he had to live there, as well. The back of his small home shared 
the tower’s outside wall and faced the wall of the inner “keep.” His quarters were not 
luxurious. For all practical purposes, Newton was living in a factory that operated 20 
hours a day.

From four o’clock in the morning until midnight, six days a week, the mint turned 
out coins. Teams of horses pulled wooden cranks in endless circles to power giant ma-
chines that rolled coin metal into thin sheets. Pairs of men then used hand-operated 
presses to “strike” coins of all sorts. The noise deafened anyone nearby, and the stink 
of hot metal loated throughout the grounds where Newton worked and lived.

Moreover, the tower also housed the ordnance, the ofice of the government re-
sponsible for equipping the English army and navy with weapons and supplies for war. 
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sury was in search of old coins so that it could 
transform them into new ones. The coins 
that jingled in English subjects’ pockets and 
purses dated back as far as the days of Queen 
Elizabeth I, who had died nearly a century 
earlier. over time, the coins took a beating 
as they passed back and forth between the 
hands of merchants, aristocrats, and com-
mon folk. Coins also were “clipped” by un-
scrupulous people who took tiny bits off the 

Newton cared little for the soldiers posted 
there, and general rivalry between the mint 
employees and the soldiers annoyed him. In 
just a few months, the noise and confusion 
overwhelmed Newton. He abandoned the 
warden house at the wall and moved to Jer-
myn Street in westminster, an upcoming 
London borough.

Newton came to work each day as the mint 
was in the midst of a huge change. The trea-

(below) CC The Tower of London Library of Congress  

(right) Workers struck “coynes” (coins) 
at the Royal Mint. Royal Mint
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which extended far back to the days of King 
Edward IV in 1465. Newton hand-copied 
page after page of documents that were hun-
dreds of years old. with his mathematician’s 
skill at organization, he put to rights all the 
recordkeeping that was so vital to the mint’s 
well-being.

Newton also took the mint’s manufactur-
ing process to task. He made careful stud-
ies of every step in the process, performing 
the role of “efficiency expert.” Thanks to 
his oversight, the process was running far 
more smoothly just two years later. Then in 
1699, the master of the mint fell ill and died. 
There was little problem in replacing him—

In the late 1900s, the Bank of England CC
printed Isaac Newton’s portrait and reflecting 
telescope on the back side of the one-pound 
note, the currency of the United Kingdom.

edges, melted them down, and sold the scrap 
silver and gold as though it belonged to them. 
Counterfeiters, some of them master forg-
ers, created fake coins that looked like the 
real thing. People could not be sure that the 
money they accepted for goods they sold or 
services they performed actually came from 
the Royal Mint.

England was plagued with counterfeiting 
at the time. Counterfeiters made impressive 
profits by reselling England’s very wealth 
as their own. England’s economy was based 
on the amount of silver and gold the small 
nation held in its treasury, which included 
all of the country’s coins. Even tiny bits of 
precious metal lost to counterfeiters added 
up over time to major losses.

“Coyning” (manufacturing fake money) 
frustrated officials at the highest levels of 
government. Phony coins devalued real ones. 
Counterfeiting did serious damage to Eng-
land’s wealth, and therefore, to England’s 
security among its rival nations like France, 
Holland, and Spain. King william was in 
Europe ighting a war for England. The Eng-
lish did not want more trouble at home with 
their own citizens trying to steal from the 
Crown.

Isaac Newton seized onto his job as war-
den with his usual single-minded passion. 
He set about researching the mint’s history, 
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feiters. He made trips to London’s Newgate 
prison, where he took down the stories of 
inmates, poor men and women who clipped 
and “coyned” for the bigger thieves who em-
ployed them.

But it was not just poor people who coun-
terfeited money. Newton followed the trail of 
one william Chaloner, a crook who dressed 
like a gentleman. Chaloner, highly skilled 
at running an operation in fake coins, en-
joyed “funning” (cheating) the English gov-
ernment. He managed to buy off witnesses 
against him even as he sat in prison. He lied 
every which way he could about his fellow 
criminals in order to save his own neck. 
when that didn’t work, he tried to charm 
his way out of trouble.

Eventually, however, Newton helped the 
government to build an airtight case against 
Chaloner, and a court convicted him. Cha-
loner wrote an emotional letter to Newton, 
begging to be spared from his murder at the 
hands of the English government. Newton 
actually had no control over Chaloner’s fate, 
and Chaloner died as a traitor, drawn and 
quartered.

The Royal Society Reemerges

Even as he labored at the Royal Mint, New-
ton kept up with his interests in natural 

Newton’s thoroughness guaranteed that he 
knew how the mint operated. Newton had 
mastered his job, and now he moved from 
serving as warden to becoming master of the 
mint.

England’s leaders had decided that coun-
terfeiting money was an offense of treason. 
They reasoned that counterfeiters were just 
the same as spies or traitors who sold secrets 
to enemy governments. Beginning in 1697, 
condemned counterfeiters faced the same 
horrible form of execution that was used to 
punish spies or revolutionaries. They were 
to be “drawn and quartered”—hung until 
not quite dead, disemboweled, and cut into 
pieces.

The English government gave Isaac New-
ton the duty of building evidence against 
these counterfeiters. Newton found this 
order a distasteful one, and his letters show 
that he tried to direct this task toward anoth-
er branch of the government. His superiors 
ignored his request and even gave him a clerk 
to help. The job of convicting counterfeiters 
was just too important, and Isaac Newton 
was their man to get that job done.

Just as he had gotten the milling of coins 
into good order, so did Newton hunt down 
the men and women who counterfeited. He 
put on the clothes that common people wore 
and hung out in taverns to spy on counter-

By the time Isaac Newton sat for this CC
portrait, fashionable Englishmen cut their 

hair short and wore elaborate wigs.
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Isaac Newton recognized that the Royal 
Society was heading downhill and set mat-
ters straight by making its meetings more 
professional. To some extent, his efforts 
succeeded. Members returned, and the top-
ics for discussion reached a higher level. 
But even the illustrious Dr. Newton could 
not keep his members from sharing some 
tidbit or other of a bizarre discovery. one 
day, Newton found himself presiding over 
a discussion about four dead piglets found 
“all Growing to one Another.” Not until the 
1800s did the Royal Society inally establish 
itself as a leader in scientiic discussion and 
inquiry, a reputation that holds true today.

In 1705 Isaac Newton journeyed to Cam-
bridge for one last reason, to add a title to 

philosophy and his meetings at the Royal 
Society. His position as master of the mint 
paid him 500 pounds each year—a tidy sum 
compared to the few pounds his mother had 
given him when he was a struggling sizar at 
Cambridge University. In 1702 Newton de-
cided to leave Parliament as its representa-
tive from Cambridge University. Newton 
cut his last ties to Cambridge. He had other 
plans in mind.

In 1703 Robert Hooke died. Newton’s old 
enemy at the Royal Society was gone forever. 
In a series of half-hearted votes, members 
elected Newton as president. Christopher 
wren had been nominated for the job, but 
he passed it up. Newton, wren thought, was 
the better scientist.

As much as he had despised Hooke, New-
ton built on his old enemy’s practices as 
curator of experiments at the Royal Soci-
ety. During the Society’s most productive 
years, meetings were filled with exciting, 
worthwhile discussions about science and 
mathematics. Hooke’s job was to arrange for 
members to view each other’s experiments 
and share one another’s research papers. 
However, as Hooke grew older, the soci-
ety took on leaders who were not scientists. 
Meetings spiraled downward into discus-
sions about freaks of nature and how people 
poisoned each other. Queen Anne (1665–1714)CC

Isaac Newton was commemorated on a CC
two-pound coin issued by the Royal Mint. 
Inscribed on the side of the coin is the phrase 
“Standing on the Shoulders of Giants.”
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heavens. Flamsteed’s intellectual gifts came 
nowhere near those of Isaac Newton, but his 
records were vast and accurate.

In the 1690s, Newton had trouble with his 
calculations about the motion of the moon, 
and he needed Flamsteed’s observations for 
his own research. Flamsteed was as picky 
about his paperwork as he was about his star 
charts. For years, Flamsteed held off New-
ton’s request. He wanted to inish his catalog 
of the stars and present all of his observa-
tions at once in one magnificent volume, 
Historia britannica coelestis (British History of 
the Heavens). Flamsteed’s cantankerous per-
sonality could be as annoying to Newton as 
Newton’s own behavior was to others, and 
the two became enemies.

For 20 years, Newton and Flamsteed 
played cat and mouse. However, the “cat” 
grew into a lion; as president of the Royal 

his name. Queen Mary’s sister Queen Anne, 
who now held the throne, visited the univer-
sity and honored Newton by making him a 
knight, “Sir Isaac” Newton.

Playing Politics 
with the Royal Society

Newton wasted no time in building his own 
empire in the Royal Society. He artfully used 
his presidency to promote his own standing 
among natural philosophers. Several times, 
he abused his power and dealt with others 
unfairly. In particular, he wielded his author-
ity to lord over John Flamsteed, the king’s 
astronomer.

For decades, Flamsteed worked from his 
observatory at Greenwich to build huge cat-
alogs, records of data that tracked the motion 
of the moon, planets, and stars through the 

John Flamsteed (1646–1719)CC

A series of stamps CC
issued in the 
United Kingdom  
show the history of 
astronomy,  
including Isaac 
Newton’s 
accomplishments.

 109



later, a twist of fate put most of the copies of 
the work that Newton had pirated back into 
Flamsteed’s possession. with great pleasure, 
Flamsteed burned them. Newton could never 
get his hands on them again.

Flamsteed died in 1716. Nine years later, 
two of Flamsteed’s loyal assistants published 
an even better version of the Historia coelestis, 
which stands as the most authentic edition 
of the work that took Flamsteed an entire 
lifetime to accomplish.

Rooms in Red

As a man of wealth and inluence, Isaac New-
ton needed a woman to run his household 
and act as a hostess to visitors. Newton had 
no wife, and so he brought his half-niece, a 
Miss Catherine Barton, to London from the 
countryside in 1696.

Unlike her peculiar uncle, Catherine Bar-
ton sparkled with charm. Her looks, intel-
ligence, and magnetic personality proved to 
be a huge draw to a large circle of men. It 
was not long before Catherine’s name loated 
in the gossip among Londoners in coffee-
houses and gentlemen’s clubs, where adoring 
fans toasted her with special glasses engraved 
with her name.

Rumors began to circulate that Miss Bar-
ton had moved into the home of Charles 

Society,  Newton used his power to rob 
Flamsteed of the papers that he had inished 
up to that point. Then Newton made sure 
that the Royal Society published only part 
of them, the part that Newton thought was 
important.

Not to be outdone, Flamsteed stubbornly 
continued to chart the night sky and record 
his observations. He published his complete 
version, Historia coelestis, in 1712. Four years 

Isaac Newton’s living room, adorned by his CC
portrait on the end wall. Babson College Archives
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Montague, Newton’s patron at the Royal 
Mint, without marrying him—an enormous 
scandal. Montague’s older brother had died, 
and Newton’s friend had inherited the title 
and estate from his dead father. Now he was 
a powerful aristocrat, Baron Halifax. Vi-
cious gossip accused Newton of setting up 
his niece with his inluential friend as a way 
to thank him for past favors. Possibly Cath-
erine Barton and Charles Montague were 
secretly married. Historians have never been 
able to determine the exact truth.

In any case, Catherine Barton publicly took 
a husband in 1717, a much younger man named 
John Conduitt. Sometimes they lived with 
Newton in Leicester (LES-ter) House, a stone 
building on a fashionable street in westmin-
ster, where Newton had moved in 1710.

Isaac Newton was a man of means, and 
he needed a home worthy of his standing as 
England’s leading scientist, president of the 
Royal Society, and master of the mint. Cath-
erine Barton Conduitt decked out New-
ton’s home in crimson red trappings of all 
sorts. No one is sure why, but red covered 
everything—sofas, chairs, and draperies in 
the room where he entertained visitors, and 
the bedspread, pillows, and small couch in 
the chamber where he slept. Perhaps Cath-
erine Barton chose red to echo the color of 
her uncle’s gowns as a professor at Trinity 

College. Certainly it was a color it for a 
gentleman of Newton’s fame.

Catherine’s new husband sought 
Newton’s company, and Newton took 
a liking to him. An amateur scientist and 
member of the Royal Society, Conduitt 
was both smart and curious. The pair 
spent long hours together, with Newton 
spinning tales of his childhood and years 
as a student at Cambridge. Newton loved 
to talk about his adventures in natural phi-
losophy, and Conduitt wrote them down. 
John Conduitt holds credit for document-
ing the legendary tale of Newton and the 
falling apple.

After Newton’s death, Conduitt planned 
to write a long biography about his uncle-
by-marriage, but Conduitt himself died just 
10 years later. The biography he had planned 
survives only as a set of rough drafts. Even 
so, Conduitt interviewed many people who 
knew Newton as a young man in wools-
thorpe, Grantham, and Cambridge. Thanks 
to his work, we have a wonderful peek into 
the early life of a complicated man.

other visitors to Leicester House wrote 
about its master’s amusing, if strange, ways. 
Even as a rich old man, Isaac Newton was still 
so lost in his own thinking that he got mixed 
up in his daily routines. william Stukeley, an 
“antiquary” who wrote about the history of 
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T H E  L I o N ’S 
R o A R  F A D E S 

AwA y
ǲ

W ith a healthy income of £500 per year as master of the mint and secure as 
president of the Royal Society, Sir Isaac Newton’s high-standing position in 

London society was guaranteed. Newton seemed to put his secret ways behind him 
when he moved to London. Now he took great pleasure in the “society” of others. A 
wealth of visitors lowed in and out of his westminster home. High-ranking London-
ers, other fellows from the Royal Society, and natural philosophers from overseas all 
came to call on the great man.

of course, a series of half-nieces and nephews stayed in touch with him too. New-
ton had outlived his half-brothers and sisters, and their children always were happy to 
have the attention of their famous—and rich—Uncle Isaac. on occasion, he traveled 
to woolsthorpe to check on his estate, still a sheep farm that also produced an income 
for him. Newton was generous with his family and made them gifts of money before 
he died. In fact, anyone named Newton in the whole of England thought it perfectly 
ine to ask Sir Isaac for money. Many times, he actually helped them.

During his later years, Sir Isaac solidiied his earlier work in natural philosophy. 
with Robert Hooke no longer around to fault his ideas, Newton brought out the irst 
English edition of Opticks in 1704. A Latin version followed in 1706, and an English 
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wrote hundreds of pages about the history of 
the ancient Hebrews. The question of when 
life on Earth would end consumed him. He 
attended church, but he never revealed in 
public that he did not believe in the Trin-
ity, the heresy that he had kept secret for 50 
years.

Isaac Newton knew that he was a legend in 
his own time, and he worked to ensure that 
his reputation would live on. He sat for por-
traits with London’s most gifted painters, 
and sculptors carved busts of him in marble. 
During his years in London, Newton con-
tinued to ight for his good name over that 
of Gottfried Leibniz in the priority dispute 
about calculus. To the very end, he fought 
to maintain his reputation as a natural phi-
losopher, even when it meant staying em-
broiled in disagreements with Leibniz and 
Flamsteed for years and years.

Nevertheless, Newton appeared to hum-
ble himself when he declared:

I do not know what I may appear to the 
world; but to myself I seem to have been 
only like a boy playing on the seashore, and 
diverting myself in now and then inding a 
smoother pebble or a prettier shell than ordi-
nary, whilst the great ocean of truth lay all 
undiscovered before me.

revision in 1717. Newton also published sev-
eral books of mathematics, again polishing 
work that he had completed decades earlier 
in Cambridge.

In 1709, at the mature age of 66, New-
ton started revising the Principia, and it ap-
peared in 1713. A third edition followed in 
1726, when Newton was well over 80. As he 
neared the end of his life, Sir Isaac’s brain 
stayed remarkably sharp. John Conduitt re-
ported that he often witnessed his elderly 
uncle-by-marriage consumed with work in 
his elegant home.

Sir Isaac also kept his passion for the study 
of theology. During these London years, he 

Portraits of Isaac Newton show him CC
as a well-off gentleman (above) and at 

work in his study (above right).
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Sea Bubble” burst in September and shares 
dropped back to a mere £128 each.

But Newton kept working until the very 
end of his days. In March 1727, Sir Isaac pre-
sided over a regular meeting of the Royal 
Society in London. He was 84 years old. The 
meeting was to be his last. Returning home 
the next day, the elderly man took to his bed 
in terrible pain. A few days later he was dead. 
John Conduitt wrote about Newton’s inal 
hours and made a note of Sir Isaac’s inal act. 
It was the custom of Anglicans to receive the 
“sacraments” as they neared death, but New-
ton refused them. on March 20, 1727, Isaac 
Newton chose to meet God in his own way.

In the fashion of that era, a well-known 
sculptor came to Newton’s home to take a 
“death mask” of Newton. The sculptor worked 
carefully as he poured wet plaster on the face 
of the dead scientist. once it dried, the mask 
served as a mold to cast Newton’s likeness. 
This death mask served as the model for later 
works of art showing the legendary man.

Newton’s body lay in state in westmin-
ster Abbey, surrounded by the tombs of Eng-
land’s kings and queens. His funeral was the 
grandest England had conducted for a natural 
philosopher. The very highest-born in Eng-
land attended, looking on as Newton’s pall 
was carried by nobles—two dukes and three 
earls who all were members of the Royal So-

There is no evidence that Isaac Newton 
ever saw the sea.

For a man who had spent three decades 
working with toxic materials in a laborato-
ry, Isaac Newton had unusual good health. 
However, the day came when Sir Isaac’s ro-
bust health began to go downhill. For his 
comfort, he decided to move west from Lon-
don to the newly fashionable town of Kens-
ington, where the air was less polluted.

Newton suffered from problems with 
his bladder, and he lost control of it. Jolting 
rides in a horse-drawn carriage aggravated 
the problem, but Newton was determined to 
stay on as president of the Royal Society. He 
bought a “sedan chair,” a boxed-in seat with 
posts at both ends for two servants to carry 
him through London’s streets. Even though 
he still was president, Newton began to nod 
off at Royal Society meetings. Meetings dis-
integrated into silly discussions about ab-
surd subjects, just as they had before Newton 
took ofice.

In 1720 Newton suffered a blow to his per-
sonal fortune when he joined the frenzy of 
stock market investors who bought shares 
in the South Sea Company. From January 
through June, the stock’s value grew from 
£128 to £1,050 per share. Newton invested 
£20,000 in the stock when it was at its peak—
and lost it all when the infamous “South 

Newton’s death mask, placed in front of CC
an original copy of the Principia. ©Jim Sugar
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ciety. Newton’s body was laid to rest beneath 
the loor in the western end of the Abbey, in 
front of his monument. Carved into the loor 
above were the Latin words Hic depositum est, 
quod mortale fuit Isaaci Newtoni. (Here lies 
that which was mortal of Isaac Newton.)

Looking at Newton 
through the Lens of History

Following his death, Isaac Newton got his 
wish: a legacy as one of history’s most promi-
nent scientists, if not one of the most famous 
people who ever lived. “Sir Isaac Newton, the 
greatest of Philosophers, and the Glory of 
the British Nation . . . ,” wrote one newspaper 
reader. In death, Isaac Newton became larg-
er than life. As Europe’s nations grew ever 
stronger and began to colonize the world, 
the legacy of Isaac Newton became a point of 
national pride for English-speaking people.

Near his burial spot in westminster 
Abbey, an ornate memorial of marble was in-
stalled a few years after his death. Poetic odes 
to the dead man were written, and people 
hung his portrait in their homes. Through-

A monument to Isaac Newton stands near his  CC
grave in Westminster Abbey. Can you find the symbols  
that memorialize England’s great scientist?  
The Dean and Chapter of Westminster
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and light that would push human progress to 
new heights. Alexander Pope, an English poet 
who often made fun of people, was deadly seri-
ous when he wrote about Newton:

Nature and Nature’s Laws lay hid in night; 
God said, ‘Let Newton be!’—And all was 
light.

In the 1800s, a full century since New-
ton’s death, Newton’s biographers lionized 
him. They wrote lowery descriptions of his 
life, making Newton into a godlike igure. 
In sharp contrast, they wrote little about the 
dark side of Newton, his jealous personal-
ity and his quirky habits. Sometimes they 
found evidence of Newton’s work in alchemy 
and religion that would have given him a bad 
name, so they covered it up, thinking that 
the public would never ind out.

By the 1900s, historians began to take a 
more balanced view of Newton. Science had 
opened a new ield of study called psychol-
ogy, the study of the mind. It became popu-
lar to think about why people act as they do. 
As people began to understand more about 
human minds and emotions, biographers 
wrote about Newton’s personality.

Now biographers looked not just at New-
ton’s enormous scientiic success but also at 
Newton the man. These historians wrote 

out England, statues of the great man rose, 
including one in Grantham, where Newton 
had gone to school. on both sides of the At-
lantic ocean, in England and the American 
colonies, many baby boys were christened 
“Isaac Newton        ” for generations 
to come. People who knew Newton wrote 
about their memories of the great man in 
their diaries, and the irst biographies about 
him started to appear.

Newton’s manuscripts and letters were 
valuable, so people began to collect his pa-
pers and put them in safe places. Newton’s 
relatives back in woolsthorpe also hoped to 
gain control of Uncle Isaac’s papers. Fearing 
that they wanted to sell them, John Conduitt 
outwitted the family and kept Newton’s pa-
pers safe.

During the 1700s, “Newtonian mechanics” 
dominated the way scientists all across Eu-
rope and the Americas went about their work. 
Newton became a hero to the next generation 
of great intellectuals during the Enlighten-
ment. Another term for this period of time is 
the “Age of Reason,” when human knowledge 
blossomed.

Enlightenment thinkers like Voltaire, Ben-
jamin Franklin, and Thomas Jefferson ad-
mired Newton. They saw him as a man of pure 
reason. To their way of thinking, Newton’s 
science had ushered in a new age of wisdom 

“Not fit to be printed” declared a scholar who CC
reviewed Newton’s alchemical manuscripts soon after 
Newton’s death. These manuscripts did not come to 
light for another two hundred years.  
The Chymistry of Isaac Newton, Indiana University
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But some scientists today disagree. Chem-
ists are taking a careful look at Newton’s 
manuscripts in alchemy with fresh eyes. 
These scientists suspect that Newton was 
just as interested in the chemical processes 
he studied in his laboratory as he was in their 
“magical” nature. They believe that Newton 
was in fact learning all he could about chemi-
cal technology and the behavior of metals. 
By building replicas of Newton’s furnaces 
and reproducing his “chymistry,” they hope 
to prove their case.

Newton’s reputation as a great man of sci-
ence stands irm. In fact, there are two “great-
est minds” of science whom we think of today. 
one is Isaac Newton. The other is Albert 
Einstein, who revolutionized physics with his 
special and general theories of relativity in the 
early 1900s. Einstein’s ideas carried science 
into a whole new realm of research when he 
asked what happens to moving objects as they 
approach the speed of light.

In 2005 the Royal Society held a contest 
for scientists and the public to choose “The 
Greatest Scientist who Ever Lived.” Scien-
tists voted 61 percent for Newton and 39 per-
cent for Einstein. The public split their vote: 
50.1 percent for Newton and 49.9 percent for 
Einstein.

Einstein himself recognized Newton’s 
powerful inluence on physics. He declared 

about Newton’s jealous and unfair treatment 
of Hooke and Flamsteed. They criticized his 
bloody treatment of counterfeiters when he 
was master of the mint. others questioned 
why Newton had so few friends in his Cam-
bridge days. By the end of the 1900s, some 
writers were suggesting that Newton hid 
homosexual relationships he had with John 
wickins and Fatio de Duillier.

In 1936 there arose a clue to Newton’s secre-
tive character. A huge collection of Newton’s 
manuscripts was auctioned off in England and 
came into the hands of John Maynard Keynes, 
one of England’s most famous economists. 
Keynes took the stacks of papers to read; what 
they contained surprised him. Some papers 
revealed that Newton had secretly practiced 
alchemy. other papers conirmed that New-
ton did not believe in the Trinity and was 
afraid that others might ind out.

This discovery added a major piece to the 
puzzle that was Isaac Newton. Research-
ers now had a much better picture of what 
he was doing during all his hidden years at 
Cambridge. This new information convinced 
Keynes that Newton wasn’t a modern scien-
tist. Instead, Keynes believed that Newton 
had “one foot in the Middle Ages and one foot 
treading a path for modern science.” Keynes 
did not believe that Newton’s work in alchemy 
had any scientiic value at all.

This statue of Isaac Newton stands at Cambridge CC
University. Trinity College Library, Cambridge University
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Newton’s writing still need study, and schol-
ars will expand ideas about him for years to 
come. Even with all of the available evidence 
about Newton the man, questions will always 
remain, and scholars will continue making 
educated guesses about this mysterious but 
mortal human being.

william wordsworth, England’s great Ro-
mantic poet, offered a superb relection on 
the mystery that shrouds Isaac Newton. Like 
Newton, wordsworth attended Cambridge 
University. wordsworth drew inspiration 
from a statue of Sir Isaac Newton, which 
wordsworth said he could see from his bed.

The inal line of wordsworth’s verse pro-
vides a strong visual image of Isaac Newton’s 
inner life.

And from my pillow, looking forth by light
Of moon or favouring stars, I could behold
The antechapel where the statue stood
Of Newton with his prism and silent face,
The marble index [guide] of a mind for ever
Voyaging through the strange seas of 

Thought, alone.

Albert Einstein (1879–1955) CC Library of LC-USZC4-4940

• 

that Newton was “a shining spirit who point-
ed out, as none before or after him did, the 
path of western thought and research. . . .” 
As Einstein said, Newton’s ideas about mo-
tion inluenced all the other areas of physics: 
optics, the study of light; thermodynamics, 
the study of heat, energy, and gases; electric-
ity and magnetism.

The life and work of Isaac Newton will 
always fascinate us. Massive amounts of 
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There are many ways to learn more about Isaac Newton, physics, and the history 
of science. one of the best is to visit the library where you live and ask a librarian 

to help you.
Following are some resources to get you started. Those marked with a “ • ” are lo-

cated in the children’s or teens’ department in the library.
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Cosmic Journey: A History of 

Scientific Cosmology

www.aip.org/history/cosmology/index.htm

A web site presented by the American 
Institute of Physics with an excellent view 
of human study of the universe over time, 
as well as a thorough presentation of phys-
ics. Includes student and teacher resources.

Footprints of the Lion

www.lib.cam.ac.uk/Exhibitions/Footprints_ 

of_the_Lion/

An online presentation of the Macclesield 
Collection, purchased by the Cambridge 
University Library in 2000 for more than 
$12 million. The Macclesield Collection 

westfall, Richard S. Never at Rest: A Biogra-
phy of Isaac Newton. New york: Cambridge 
University Press. 1980.

westfall, Richard S. The Life of Isaac New-
ton. New york: Cambridge University 
Press, 1993.

Build a Newtonian Physics Machine

http://spaceplace.nasa.gov/en/kids/funphysics.

shtml

This NASA web site shows how to build 
a simple machine that illustrates Newton’s 
Third Law.

The Chymistry of Isaac Newton

http://webapp1.dlib.indiana.edu/newton/

Chemists at Indiana University are 
researching Isaac Newton’s alchemy and 
offer a new view of what Newton actually 
experienced in his laboratory. This web 
site, a work in progress, offers a full tran-
scription and online images of Newton’s 
most complete laboratory notebook.

Newton, Isaac, Sir. The Principia : math-
ematical principles of natural philosophy / Isaac 
Newton ; a new translation by I. Bernard 
Cohen and Anne whitman assisted by Julia 
Budenz ; preceded by A guide to Newton’s 
Principia by I. Bernard Cohen. Berkeley, 
CA.: University of California Press, 1999.

• Panchyk, Richard. Galileo for Kids: His 
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documents Sir Isaac Newton’s writings 
and ideas, in letters and manuscripts, on 
gravitation, calculus, the Principia math-
ematica, optics, chemistry, comets and other 
subjects.

The Newton Project

www.newtonproject.sussex.ac.uk

This is the most comprehensive web site 
of Isaac Newton’s writings available online. 
A work in progress, its developers aim 
“to grasp the organic unity of Newton’s 
writing by garnering all his astonishingly 
diverse productions into a single, freely 
accessible electronic edition.”

Newton’s Dark Secrets  WGBH 

Boston Video, 2005.

A Nova presentation about Isaac Newton 
including his practice of alchemy.

This video is enhanced by PBS’s web 
site, also titled Newton’s Dark Secrets, at 
www.pbs.org/wgbh/nova/newton

The Physics Classroom Tutorial

www.physicsclassroom.com

A high school physics teacher has written 
this clear, useful online physics tutorial for 
introductory physics students.

•
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