[saac Newton
(1642—1727)

HIS LIFE AND WORK

I'was born. Isaac Newton was born on Christmas Day of that year in the

English industrial town of Woolsthorpe, Lincolnshire. He would later become
luasian Professor of Mathematics at Cambridge University, the chair I now hold.
: “Szl‘;l;m’s motht?r did not expect him to live long, as he was born very prematurely;
I describe himself as having been so small at birth he could fit into a quart
i?;‘z:m“’; yeoman father, also named Isaac, had died three months earlier, and when
Bamabasrzac-;d tW.O years of age, his mother, Hannah Ayscough, remarried, wedding
i newn;l ',t: nch‘ clergyman from North Witham. Apparently tl.lere was no place
o d“mtherml\l/[ family for the young Newton, and he was placed in the care of his
gy of n;ve 3}?‘%@{')’ Ayscough. The specter of this abandonment, coupled with the
bepig hi s[er demg .known his father, haunted Newton for the rest of his life. He
ey and P a[her_; in journal entries for 1662, Newton recalled “threatening my
- Much Ti]l:)c:h};r Smith to burne them and the house over them.”
"Mdictiye S adulthood, Newton's childhood was filled with episodes of harsh,

a
i, tacks, not only

Galileo died on January 8, 1642, exactly three hundred years before the day

- against perceived enemies but also against friends and
0 di -
isplayed the kind of curiosity early on that would define his life’s

|
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[SAAC NEWTON ‘

an incerest in mechanical models and architectu
building clocks, flaming kites, sundig fal g,
as well as drawing elaborate sketches of ani’r:;d m;
ded schools at Skillington and Stoke by, wa;a
with his teachers’ reports stating he v, i
ty and demonstrable passion for learning) he

achievements,
Newton spent
mills (powcred
At the age of five

by mice)s
he atten
one of the poorest students,
and “idle.” Despite his curios!

imself to schoolwork.
to apply himse he age of ten, Barnabas Smith hyq
Passeq ax

By the time Newton reached t ‘
and P'{:mnah had come into 2 considerable sum from Smith’s estate. e
‘ and 1
grandmother began living h Hannah, a half-brother, and two ha] . B:i

g

his work at school was uninspiring including his studies of mathemaic;, H
decided that Isaac would be better off managing the farm and estate, ang she .
him out of the Free Grammar School in Grantham. Unfortunately for s NPUJ
had even less skill or interest in managing the family estate than he had i, ;}‘I‘Ttm 4
work. Hannah's brother William, a clergyman, decided that it would be beg f":}t
family if the absent-minded Isaac returned to school to finish his educatioy.
This time, Newton lived with the headmaster of the Free Grammar Schog §
John Stokes, and he seemed to turn a corner in his education. One story has the
1 blow to the head, administered by a schoolyard bully, somehow enlightened iy,
enabling the young Newton to reverse the negative course of his educational proni
Now demonstrating intellectual aptitude and curiosity, Newton began preparing f
further study at a university. He decided to attend Trinity College, his uncle Willan
alma mater, at Cambridge University.
At Trinity, Newton became a subsizar, receiving an allowance toward the costt
his education in exchange for performing various chores such as waiting tableszd |
cleaning rooms for the faculty. But by 1664, he was elected scholar, which status gu
anteed him financial support and freed him from menial duties. When the univesy |

closed because of the bubonic plague in 1665, Newton retreate il Lincolnshie.2

4 himsel ©

i

wit

the ei ;
: goteen crinonths he spent at home during the plague, he devote
mechanics and math i g T
o p ematics and began to concentrate on optics and graviato®
o c:ia ; is” (miraculous year), as Newton called it, was one of the most P
Ive an 1 - i ifs :
accordi ruitful periods of his life. It is also around this time tha¢ an 9P
rdin :
o dg to legend, fell onto Newton’s BoAl e g him fom 2 1P e:l 1
€ and spurring hj 3
Newton hFi)m lfg him on to define the laws of gravity. However far-fetched Lhe'ral
self wrote th . ) jratio?

at a falling apple had “occasioned” his foray 11 g

qvitall
contemp[ati(m ;
and i .
: he is believed to have performed his pendulum experim<”

5] was 1 G
Of my a . s « nd
Mathemarticks ¥ age for invention,” Newton later recalled, 2

and Phj
lOSOPhY more than at any time Since.”

s 6
mindfd

366
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emed: 10 Cambridge, Newton studied the philosophy of Aristotle

N | as the science of Thomas Hobbes and Robert Boyle. He was

gihen he !
D mech
by he :
ke '\% have liccle

e 2

F riculacion At y

) ho later became Regius Professor of Greek. Newton soon came under the
0

s
m, W,
‘UHC.\ Isaac B arrow’
i, who wutored Newton as young Isaac sped through Euclid’s Elements.

S “’el . 04  J . o o
Jnics of Copernicus and Galileo’s astronomy, in addition to Kepler’s

direct information on Newton’s mathematical education prior
Cambridge. Newton’s first tutor at Cambridge was Benjamin

¢ an outstanding mathematician and one of the founders of
1‘.15]3ge g

4l Socie
,‘.elRo/\"" his, Newton soon mastered works on algebra by William Oughtred
llowing =

574-1660) an
Gamerri.

4round this tme,
possibly in his room at Trinity or at home in Woolsthorpe. A development

d Francois Viete (1540-1603) and, most importantly, Descartes’

Newton began his prism experiments in light refraction and

fspersion,

1 the universicy
il of Isaac Barrow; who had been named the Lucasian Professor of Mathemarics.

that clearly had a profound influence on Newton’s future—was the

urow recognized Newton’s extraordinary mathematical talents, and when he resigned
fiprofessorship in 1669 to pursue theology, he recommended the twenty-seven-year-
I Newton as his replacement.

Newton's first studies as Lucasian Professor were centered in the field of optics.
st out to prove that white light was composed of a mixture of various types of
i each producing a different color of the spectrum when refracted by a prism.
His scres of elaborate and precise experiments to prove that light was composed of
e particles drew the ire of scientists such as Hooke, who contended that light
“‘:eled in waves. Hooke challenged Newton to offer further proof of his eccentric
iP“fal theories. Newton’s way of responding was one he did not outgrow as he
:;:l‘ihH;isW[i)thdrew, se't out to.humiliate Hooke at ev.ery opportunity, and refused

i ook, Opticks, until after Hooke’s death in 1703.
e ﬂlra}[h:lml:; te“gfe as Lucasian I"rofessor, Newton was \fvell along in his study of
66, ¥ di:j ut he shared his work Wltl.l few of his colleagues. Already by
[a.med “Heoris O(;‘;frefi general‘ methods o.f sol:fmg prc?blems of curvature——w.hat he
'm. Wporer tllixlons and inverse ﬂuxx'o?s. The dle:overy set off a d-ramatl'c feud
iz, who mor he German mathematician and phdosopher Gott.fned \X./nlhelm
‘Htlegmjc il ; than a decade later published his findings on dlffferennal and
%1’ N p“blishe-d h(i)th men arrived at roughly the same mathematlc.:al prmc1plesT bL‘lt
[hj e the UCasi;;\;ork befcfre Newton. Newton's supporters claimed that Leibniz
‘iladt‘-m camp now, rofessor’s papers years before, and a heated argumenf bet\.)vee‘n

" 1716 N as the Calculus Priority Dispute, did not end until Leibniz

*INEWton'e wisl : 4
ons vicious attacks, which often spilled over to touch on views

-
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[SAAC NEWTON

about God and the universe, as well as his accusations of pla

impoverished and disgraced.

glal‘igm l
) Cft l«(})
&
2 ‘ . g " My
Most historians of science believe that the two men in - )

arrived

: — ; , at .

independently and that the dispute was pointless. Newrop Vittiol te”idt(
IC a |

toward Leibniz took a physical and emotional toll on Newton 4 well, Bte,
himself involved in another battle, this time over his theory of il :so gy
English Jesuits, and in 1678 he suffered a severe mental breakdow". Thned With b
his mother passed away, and Newton began to distance himself frop, orhersn?‘t y
he delved into alchemy, a field widely regarded already in Newtony i

This episode in the scientist’s life has been a source of embarragg

C
n SCCIQ
e a5 ﬁ'lli[lch

Ment ¢,

i e Mgy

Newton scholars. Only long after Newton died did it become apparen; ¢ ay
at b

interest in chemical experiments was related to his later research in celestial e,
C anjg

and gravitation.

Newton had already begun forming theories about motion by 1666, but he,,
as yet unable to adequately explain the mechanics of circular motion, Some fify va::
carlier, the German mathematician and astronomer Johannes Kepler had Pfoplosod.
three laws of planetary motion, which accurately described how the plane Move]
in relation to the sun, but he could not explain why the planets moved as they did
The closest Kepler came to understanding the forces involved was to say that the
and the planets were “magnetically” related.

Newton set out to discover the cause of the planets’ elliptical orbis. b
applying his own law of centripetal force to Kepler’s third law of planetary mois
(the law of harmonies) he deduced the inverse-square law, which states that te
force of gravity between any two objects is inversely proportional to the squate o
the distance between the object’s centers. Newton was thereby coming o %
nize that gravitation is universal—that one and the same force causes an apple
fall to the ground and the moon to race around the earth. He then set out®™
the inverse-square relation against known data. He accepted Galileo’s Csfi“”“f_l:i
the moon’s distance from the earth is sixty earth radii, but the inaccurid i IL
own estimate of the earth’s diameter made it impossible to complete the [CSI.I:UW
satisfaction. Ironically, it was an exchange of letters in 1679 with his old a'd‘;m
Hooke that renewed his interest in the problem. This time, he wrned B2
tion to Kepler’s second law, the law of equal areas, which Newton Wa* i fain
held true because of centripetal force. Hooke, too, was attempting © e

1 ~ . : &[‘[]Cu
planetary orbits, and some of his letters on that account were of p
est to Newton. R

ar int

At an inf: s gathering i ¢ the Royal Societ” pl
amous gathering in 1684, three members of the o of S
Hooke, Edmond Halley, and Christopher Wren, the noted architee
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GobD CREATED THE INTEGERS

2 heated discussion about the inverse-square relation

a0€
el /mg‘litions of the planets. In the early 1670s, the talk in the coffee-

._\crﬂi“st - other ‘ntellectual centers was that gravity emanated from the
L L?ﬂ s and fell off at a rate inverse to the square of the distance, thus
” all dlreal":1 I;d b diluted over the surface of the sphere as that surface
#olﬂi"g & ng was, in effect, the birth of Principia. Hooke declared

The 1684 meetl

e 5.lmd derived from : :
bt = would withhold it from Halley and Wren until he was ready to
,,an torc 2

Kepler's law of ellipses the proof that gravity was an ema-

Furious, Halley went to Cambridge, told Newton Hooke’s claim,

ed the following problem. “What would be the form of a planet’s orbit
ro}i qn if it were drawn towards the sun by a force that varied inversely as
pout &

b square of the dist
ed immediately; and then told Halley that he had solved the prob-

ance?” Newton's response was staggering. “It would be an

Jing,” he ansWer
dip

lier but had misplaced the proof in his office.

up four years ear
Newton spent three months reconstituting and improving

4t Halley's request,
tpuof. Then, in 2 burst of energy sustained for eighteen months, during which
s s0 caught up 1n his work that he often forgot to eat, Newton I . N

el these ideas until their presentation filled three volumes. He chose to title the
wk Dhilusophiae naturalis principia mathematica, in deliberate contrast with
Yares Principia philosophiae. The three books of Newton’s Principia provided the
wberveen Kepler's laws and the physical world. Halley reacted with “joy and

| cument” to Newton’s discoveries. To Halley, it seemed the Lucasian Professor had
| weeded where all others had failed and he personally financed publication of the

wite work as a masterpiece and a gift to humanity.
Vhete Galileo had shown that objects were “pulled” toward the center of the

b, Newton v ; . :
ewion was able to prove that this same force, gravity, affected the orbits of

% phness, 2 ) I . e
| s. He was also familiar with Galileo’s work on the motion of projectiles,

“%he sserted that the moon’s orbit around the earth adhered to the same princi-

¥ Newtop demonstrated th g : N : b

¥l g5 ghe E At t‘ at gravity explained and predicted the rr.loo'n s motions

Ry Newtopy: g and falling of the tides on earth. Book 1 of Principia encom-
v s three laws of motion:

1, C:Sr)i[bi?i)(; perseveres in ics state of resting, or uniformly moving i.n a right

\ 2 The G mpelled to change that state by forces impressed upon it.

el g, i = of motion s proportional to the motive force impressed; and is

A v ecuo.n of the right line in which that force is impressed.

0 o Y action there g always opposed an equal reaction; or, the mutual

E WO §
R odies .
tong, upon each other are always equal, and directed to contrary




ISAAC NEWTON ‘

Book 2 began for Newton as something of an afterthought Bo
included in the original outline of the work. It is essentially , (: fit -
mechanics, and it allowed Newton room to display his inhiey afe_ause - H“fn
Toward the end of the book, Newton concludes that the "Orti:lcal- i g‘nul:ld
Descartes to explain the motions of planets do not hold up to S:S Inyg ng-
motions could be performed in free space without vortices. Hoy B Eltm AN lhi
wrote, “may be understood by the first Book; and I shall now o fusllso, o,
in the following Book.” Y trey, t
In Book 3, subtitled Systern of the World, by applying the laws ¢
Book 1 to the physical world Newton concluded, “there is a power of bi?
to all bodies, proportional to the several quantities of matter which they Co:: ten :
thus demonstrated that his law of universal gravitation could explain the mOtio:sn‘
six known planets, as well as moons, comets, equinoxes, and tides. The [y . ;)fdk
all matter is mutually attracted with a force directly proportional to the pro, i 0fthd:1,
masses and inversely proportional to the square of the distance between thep, Newg
by a single set of laws, had united the earth with all that could be seen in the skia_[:

the first two “Rules of Reasoning” from Book 3, Newton wrote:

Motigy, ﬁ“fn

We are to admit no more causes of natural things than such as are both
true and sufficient to explain their appearances. Therefore, to the same
natural effects we must, as far as possible, assign the same causes.

It is the second rule that actually unifies heaven and earth. An Aristotelian woul
have asserted that heavenly motions and terrestrial motions are manifestly not
same natural effects and that Newton’s second rule could not, therefore, be applic
Newton saw things otherwise. Principia was moderately praised on its publication s
1687, but only about five hundred copies of the first edition were printed. Hovert
Newton’s nemesis, Robert Hooke, had threatened to spoil any coronation Newt!
might have enjoyed. After Book 2 appeared, Hooke publicly claimed that the let

he had written in 1679 had provided scientific ideas that were vital 1o N
o Newton,

vowed to delay or even abandon publication of Book 3. Newton ulrimately 1

and published the final book of Principia, but not before painstakingl)’ remo™
from it every mention of Hooke’s name.

Newton’s work on integral and differential calculus can b
from the mid-1660s. However, Newton never published a purely e PO
his own. Only in the second half of the twentieth century have a7 ex@Sl.V 2 g
of his mathematical papers been published. Newton gave his contemp ?rarl€> ritT
of his discoveries in the calculus in Book I, Section 1, of the 7 incipi

ewton:

: ; ; < ! 3 Wit
discoveries. His claims, though not without merit, were abhorrent ¢

)
. 1 no[CbOo
nd in his
e fou i

: ] 1)
emat ,
math !
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of first and last ratios of quantities, by the help of which we
0 " % g :
«The meth ions that follow.” In this section, included in the present
ol d ”» G ok a
g0 the P s eleven ‘lemmas,” 2 Greek term for “subsidiary proposition
" ewton Pr 0
. o5 tha
9| fost 7208 ©
and ¢

o @
st ™ - curves

vt 3
‘s(ruad Newton proves that

¢ will allow him to make interchangeable use of figures

orresponding figures constructed from straight lines.

of
emmd

i 2 PR i 7,

In . and the ratios of quantities, which in any finite time converge
pHHeS ;

o) uality, and before the end of that time approach nearer

sally 10 ¢4
mrmﬂ/ﬂfz ;}' o than by any given difference, become ultimately equal.
10 e4c”

Rl

in a very straightforward manner that anticipates Weierstrass's epsilon-

s this 1 e 3 X
: o centuries later. If the quantities and the ratios do not ultimately
n they will have some finite ultimate difference D and they cannot

> al, the
EC U&l) . .
Gk ach closer than that difference D! Notice that Newton frames

rely ﬂPProaCh 5

ylrimd i
ment in terms of ch

ange over time. Given the setting in the Principia, a work

{his state e i
: thsical science, this is hardly surprising.
: T;'o millennia before Newton, Archimedes had proven
“ .
tcrems about the area of particular geometric objects such K”’ A . F
[ . . . 3
« the circle by inscribing and circumscribing polygons g
g ¢

sout the object. In the second lemma, Newton takes a cue
o Archimedes and extends this method to an arbitrary M o
are by inscribing and circumscribing rectangles about
prions of the curve and demonstrating that the inscribed

of dreumscribed figures composed of these inscribed and s~ ¢ D T E
damscribed rectangles have areas that have an ultimate
uto of equality.

Newton has the reader consider an arbitrary curve in relation to a straight line
gresented here by AE that he divides into equal parts AB, BC, CD, and so forth,
fhﬂf f\'ill be diminished a infinitum. He then constructs the rectangles such as AKbB
crbed within o segment of the curve and AalB circumscribed about the same seg-
IE";:::}F[;:Y:& Helnotes that the difference in the areas of these r‘(‘ec'tangles ii
Mgt} simeimnﬁ e aKbl and that thc: sum of. the areas of these “difference
g, C]inchespt}): the area o‘f the first circumscribed rectangle AalB! And then
A being diminieshprOOf r.lotm'g that the length of the base AB of the rectangle

ed ad infinitum so that the area of the rectangle AalB “becomes

ﬁs[ an

‘ any giye » 3 ’ 4 .

e ultim gl n space.” Hence, the areas of the inscribed and circumscribed
«

b atey

¥the become ultimately equal one to the other” and the area described
Inear

ﬁgure as well!

371

-




:mmediate use in the first Propos;
Sitig

n

e

a2 Law!
1N b
on 1, Newton addresses cop, .
er
ns [ha

¢+ the end of Secti
s that quantities that themselves vanish ¢ ty,
Zerg OUId
fing

the vanish to zero. He res
: L %7 COmParing [havc

his lemmas O

Newton put
cipia: Kepler's Are

ates in the Prir

In a Scholium 2
be voiced by critic
mate proportion as
2 body’s velocity at 2
¢ ancient Greeks, Newt
nt that it is at the part

r the moment that it is at t

ave an ultimate ratio to each other as the vanish
S

to 21,

Str

soon

articular point in space.
P P e Argumen; | Mg
v

on points out that the body is certy; g
; tain| I
icular place. In con : Y o
P trast, it has 2 de 'th Tty
nj

he I '
particular place, just as i te g
ntit;
CS(hal

an ulti
ratios to
roots in th
for the mome
mate velocity, fo
vanish to zero can h
mate ratios with which quantities vanish are n

ot ﬁ‘u/};

For those ulti

the ratios of ultimate quantities, but limits towards which
ic

tbe}/

approach nearer than by any given difference, but never go beyond

. . . - ond,

in effect attain 1o, till the quantities are diminished in infini &
nitum,

Nc?wton began the eighteenth century in a government post as ward
Mm.t, whc?re he utilized his work in alchemy to determine methodarfen — oy
:)leblarljegr;z Cc: vteh; Engli.sh cu.rren.cy. As president of the Royal Socsie:yr, ::S Ctzbli'shing
his longstandin fe:ieml-e; wﬁl lr.lexorable determination, in particular car I"l““‘md
. waf = h:\;t bLelbmz over their competing claims to have :I)liiilz
the second and thirdgeditiony queen Al-me. i‘n 1705, and lived to see publicaion i ‘
Newton occasionally cl s X dthe o |
tions of the Principia us}i,ng i:iiis::};i;l_le }.‘adhderived many of the major propos- |
in an unpublish e the calculus. He made on i
went int(l;) print ev(:it[l)]refacz . th? Pr.mdP ia that he drafted around 1715e Zi:ihﬁcrl]aa]ll[z :
such a claim in an anonymously published 1722 reviev of'z

book assessing his and Leibnizs claim
s to have invented calculus. He wrote:

By the help o .
propositian].: of/f:;z;w, a_n‘ll}’f.ls Myr. Newton found out most of the
making things cer ttzz'nai:a 'Phllosophiae: but because the ancients for
demonstrated synthet m/;l letz‘m’ nothing into geometry before it was
that the system o G by, e de m?nstmted the propositions synthetiml[);

eavens might be founded upon gooﬂ’ geomery

And this makes it 4;
: it difficult no .
which the pr 0positions were ;oju]fz); e e v analyss by
out,

RCCent SCh
olarly analys;
shred of evid ysis of Newton’
ence for hj s notebooks hav. i
the calculus for ki is extravagant claims mad e revealcq tbar
imself and not for his ar h“?aa]e to secure priority for
ch-rival Leibniz.

e 15 pot?
il

discove™
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. in March 1727 after bouts of pulmonary inflammati
fion and

e
Newtf 3 ton had no rival in tl
b s his wist Bew 7 the field of science. The man wh
g W 10 romantic attachments LR coniiien (ot Do d ‘\;v o
: storians have

“_yll[' : lv forrﬂc h A h
- et 11 relationships with men, such .
> 4on ossible ! P as the Swiss natural philosopher

U % OI

Jarce Al a

o fatio ¢ puillier) cannot, however, be accused of a lack of passion for hi

m: 3 or nis

Ais

a exander Pope: 2 contemporary of Newton's, most elegantly described
escribe

e pO°¢ !
ANL.T P s gift 10 humanity:

hinker
Natures Jaws lay hid in night:

Natue and
Newton be! and all was light.”

i L

M“ e petty arguments and undeniable arrogance that marked his life, toward
icﬂd= [sadC Newton Was remarkably poignant in assessing his accomplishments:
”0 ot know how I may appear to the world, but to myself I seem to have bc’.
2 boys playing on the sea-shore, and diverting myself, in now and th;:

L-f[‘]}’ hk
(fing & smoother pebble or prettier shell than ordinary, whilst the great ocea f
. no

MMMU

ndiscovcrcd before me.”
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