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M athematics in the 17th Century
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Practical Gresham College,
mathemokics Royal Sociely, ..

Grcwi‘bc&icw,} Galileo, Kepler,

Rstronomy Newton

French Viete, Descartes,
mothemabics Fermot, Pascal
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Ballad of Gresham Colledge (c. 1663)

If to be rich and to be learn’d

Be every Nation’s cheifest glory,

How much are English men concern’d,

Gresham to celebrate thy story
Who built th’Exchange t’enrich the Citty
And a Colledge foui:ded for the witty.

Thy Colledg, Gresham, shall hereafter

Be the whole world’s Universitie,

Oxjord and Cambridge are our laughter;

Their learning is but Pedantry.

These new Collegiates doe assure us

Aristotle’s an Asse to Epicurus...
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Logarcthms

RVM CANONIS
= DLSCRIPTIO,

Ejufque ufuss,in utraque Trigonome-
triay vt eviam in omni Lo iftica Ma-
thematica,amplifsimi,facillimi,

& expediniffimi explicatio,
ACCESSERVNT OPERA POSTHVMA;
Primd,Minfid ipfius canonis conftru&tio,& Logarith=
morum ad les ipforum habitudi
Secundd, Appendix dealia, edgue praftantiore Loga-

rithmorum (pecie conftruenda.

Tertid,Prop q inentifsima,ad T rian.
gula {pharica mird facilitate refolvenda.

Autore ac Inventore IoANNE NEPERO,
Barone Merchi

EDINBVRGI,
Excvpesar Axpreas Harr.
AnNo 16139.

161 : John Napier: ‘.’J_/g _'i_ 2% 3 -

v‘bd‘a °; Q - . K]
o distonce sbillto bravel @ O rear reate rodor

Nlogx 2 rln (rfs), rz10°
Nlog (ab) = Nlegla)+ N log(b) =N log (1)

1624 : Henny Briggs: Logs to basc10 (taly dp)
caleulated /10, JVi0, Viiio, - (St tines) to30dp *
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Calculating Machines
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9. Pascal’s Calculating Machine, 1642. Engraving from Muachines
approuvées par ' Académie Royale des Sciences, Vol. 4. Paris 1735
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The Oxforh Philosophical Socichy

™

AfSter the Civil War, the scene moved +o
Woadhan College :

TJOHN WILKINS (Worden Srom 1668)
gothered o group of brlldant men
to discuss Boconian expinmerdal science :

TJOoHN WALLIS
So.vilian Professer for 53 years
00, Conic sections, Anthmetica Tnfinitonum

SETW WARD  Savilin Prof. o Astronony

ROBERT BOYLE Boyl's law PV=c
- worked on alr pump with:

ROGERT HOOKE expenmaentalist
~ iwentor of mucroscope | Hooke's Llaw

CHRISTOPHER WREN astronomer
~ orchitect : Sheldoman , TomTower, -- -



RORERT HOOKE

°* Worked with Robest Boyle
on Hhe our pump

. ‘Micmsmp\\im’ (1665)

on the Microscope
°* Hooke's Law for SPn:.\sg
e |666:06reat Suve of London

* Rt Greshom Colkege
1665 - 1703
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Zenith telescope
G

ot Greshom Co(hgc.
Hooke's J‘n»us of
36-foot refractor
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- Ptolemoatc System







NICOLAVS COPERNIC'

| Quidtum? fi mihiterramouctur,Solg, qui efcit,
Accelum: cenffat calenlnsinde meus.
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NICOLADI COPERNICI

net,in quo terram cum orbe lunari tanquam epicyclo contineri
diximus , Quinto loco Venus nono menfe reducitur,, Sextum
denicp locum Mercurius tenes,octuaginta dicrum fpacio circ
currens, ln medio ucro omniumrefider Sol, Quis enimin hoc

pulcherimo templo lampadem hanc inaliouel meliotifocopo
neret,quimunde rotum fimul pofsitilluminare;Siquidem non
inepte qt.ndam lucernam mundi,alj mentem, alfj retorem uos
cant, Trimegiftus vifibilem Denm,Sophoclis Elecira intuenté
omnia.lta profecto tanquamin folio re gali Sol refidens circum
agentem gubernat Aftrorum famitiam.




Galileo Galilet (I1564L-1662)
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Kepler’s laws of planctany motion
' (1609 /19)
I. The planets move (n elliptical

orbiks with the sun at one focus.

2, The line from the sun to a planet
sweeps ouk equol oreas in equal tunes

3, The squore of o planct's perdod
s propertional to the cube of its
orbit’'s meon raduns.



Kepler's planetony
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Isaac Newton, veny great
head of school but not pompous
(Tapanese print c. 1869)



The gmv?l'y of the Sikuation escapes |saac Newton

The trouble is they taste too good.



PHILOSOPHIA

NATURALIS

MATHEMATICA.

Autore FS. NEWTON, Trin. Coll. Cantab. Soc. Mathefeos
Proleliore Lucafiano, & Societatis Regalis Sodalis

IMPRIMATUR:
. PEPYS, RgSx. PRESES
) Julii 5. 1686,

LONDINE

Juflu Societatis Regie ac Typis 470/2}71)1’ Streater. Proftat apud
plures Bibliopolas. e MDCLXXXVIL
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TO THE ILLUSTRIOUS MAN

ISAAC NEWTON

AND THIS HIS WORK
DONE IN FIELDS OF THE MATHEMATICS AND PHYSICS
A SIGNAL DISTINCTION OF OUR TIME AND RACE

Lo, for your gaze, the pattern of the skies!

What balance of the mass, what reckonings
Divine! Here ponder too the Laws which God,
Framing the universe, set not aside

But made the fixed foundations of his work.

Then ye who now on heavenly nectar fare,
Come celebrate with me in song the name
Of Newton, to the Muses dear; for he
Unlocked the hidden treasuries of Truth:
So richly through his mind had Phoebus cast
The radiance of his own divinity.

Nearer the gods no mortal may approach.




Principia Mathematica (1657)

Laws of Motion

RBook I : The Motion of Rodies

S — e

Inverse-square law of qravity
Kepler's Laws

Book TT: Motion :u_ Rcsi:'h'as Medio

Wave motwon for Ught and sound
Vortices : Descartes’ theony

Book T : The System of the World

gy R Y oy W I i T T

Orbits of comets

Moton of the moon

T‘\‘or\j of tides

F lattening of the Earth ot He poles
Precession of the equinoxes




: PROPOSITION I. THEOREM I
The areas which revolvin g bodies describe bz radii drawn to an immouvable
centre of torcc do lie in the same immovable glanc:, and are proportional
to the times in which they are described, ‘
For suppose the time to be divided into equal parts, and in the first part

of that time let the body by its innate force describe the right line AB. In
the second part of that time, the same would (by Law 1), if not hindered,

00g
® g
oo %os

A

proceed directly to ¢, along the line Bc equal to AB; so that by the radii AS,
BS, ¢S, drawn to the centre, the equal areas ASB, BSc, would be described.
But when the body is arrived at B, suppose that a centripetal force acts at
once with a great impulse, and, turning aside the body from the right line

Bc, compels it afterwards to continue its motion along the right line BC.




PROPOSITION XI. PROBLEM VI

R e e e ———— ————_—_________
If a body revolves in an ellibse; it is required to find the law of the centripetal

ﬁorce teﬂding to the ﬁom oﬁ the ellie:e.

Let S be the focus of the ellipse. Draw SP cutting the diameter DK of
the ellipse in E, and the ordinate Q in x; and complete the parallelogram
QxPR. It is evident that EP is equal to the greater semiaxis AC: for
drawing HI from the other focus H of the ellipse parallel to EC, because
CS, CH are equal, ES, EI will be also equal; so that EP is the half-sum
of PS, PI that is (because of the parallels HI, PR, and the equal angles
IPR, HPZ), of PS, PH, which taken together are equal to the whole axis
2AC. Draw QT perpendicular to SP, and putting L for the principal

2BC?

latus rectum of the ellipse (or for e ), we shall have

L-QR:L-Py=QR:Psr=PE:PC=AC:PC,
* also, L*Py:Gy-Py=L:Gy, and, Go-Pr: Q»=PC?*:CD>

By Cor. 11, Lem. vi1, when the points P and Q coincide, Qv*=Qx? and
Qx2 or Q?:QT?=EP?:PF?=CA?2: PF?, and (by Lem. x1r)=CD?: CB%
Multiplying together corrcsponding terms of the four proportions, and
simplifying, we shall have

L-QR:QT?=AC-L-PC*-CD?*:PC- Gv:CD?* -CB*=2PC: Gy,

since AC-L = 2BC>. But the points Q and P coinciding, 2PC and Gv are
equal. And therefore the quantities L-QR and QT?, proportional to

these, will be also equal. Let those equals be multiplied by —E, and

g SP2-QT? :
L-SP* will become equal to _QR . And therefore (by Cor. 1and v,

Prop. v1) the centripetal force is inversely as L-SP?, that is, inverselz as
the square of the distance SP.Q.E.I




I\r_u__ System of the Wor

T N

[3.] The action of centripetal forces.

That by means of centripetal forces the planets may be retained in certain
orbits, we may easily understand, if we consider the motions of projectiles
(pp. 2—4); for a stone that is projected is by the pressure of its own weight
forced out of the rectilinear path, which by the initial projection alone it
should have pursued, and made to describe a curved line in the air; and

through that crooked way is at last brought down to the ground; and the
greater the velocity is with which it is projected, the farther it goes before it
falls to the earth. We may therefore suppose the velocity to be so increased,
that it would describe an arc of 1, 2, 5, 10, 100, 1000 miles before it arrived
at the earth, till at last, exceeding the limits of the earth, it should pass into
space without touching it.




FRANGCOIS ViIETE

s T

(1S40 -1603)
M

* ploneered
Umprovement
notation -
use of Letbers for
unknowns

¢ insisted on ' dimension :
e.q. Cannot add Lines to areas

* computed TT to 9 decumal places

* 2 - cos T, ot . cosTW _cos & ...
I b £ 16 32



New o.pproaches
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1593: F, Viete:
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Mervsenne's ‘ Unaversal Harmony’

(1636-7) - — _—
HARMONIE
_VNIVERSELLE

- E e = - = R
Hlyariflimi Afarchienis SAlathel M le Zer pat

: gam-& ego confitebor tibi in vafis pfalmi veritat€ cuam:
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DIOPHANTI

ALEXANDRINI
ARITHMETICORVM

L IBHRI SEX,
ET DE NVMERIS MVLTANGVLIS
LIBER VNVS.

VM COMMENTARIIS €. G. BACHETI V. C.
¢ obfernationibus D.P.de FEERM AT Senatoris T olofani.

Acceffit Do&rinz Analyticz inuentum n.ouurn,collc&um
ex varijs ciufdem D. de FERM AT Epiftolis.

OLOSE

2

Excudebat BERN ARDVS BOSC, ¢ Regione Collegij Societatis Tefu,

M. DC, LLXX. m




Fermat's number theony
RSN A,

° For any nuumber o and pnime p :
o -0 is divisible by p
= Sor exomple , 14" =14 is divisible by 37
© Claim : Sor any n>2, the equation
X™ 4 y® z 2"
hes no solubions for positive inteqess x, 4,2
(' Fermak's Last theorem')
* proved this when n=z 4
X% syt s 2t

(wsed method of unfute descent)



Descartes and Dimension

T Ry

Whak s meant \:3 xtex?

How can we mulbiply lengbhs ?

E
C

D A
Toke a unit Line AB:
whot s BD x BC ?
Draw ED porallel o AC :
BE /8D = BCc/AB = BC,
so BDxgBC = BE,



E’:p pus's Problem

Giwven four lines and four m\slu’,
$ind te locus of alt pocnts C

Such Hhok the red Lines meet the four
black Lines ok these angles, and

CD % CF = (const)x CB>CH

Answer : o conLc
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Projective Geometny ~ perspective

L et T ST T g g PO

no perspective

pPerspective

(Brunellesehi , Diiver, )




Pappus
(3. C AD)




Pascal’s

Arithmetical
Trlmsl.e

(1654/1665)

¢
The
b thning
‘s Rangs paralldles.
°§ MOM” ¢ TRIANGLE
ARITHMETIQUE.
Combinatorics®
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Frontisprece: RArs Ms na Sciendt
by Rthanasus Kircher (1669
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CALCWULUS ‘' TWO PROBLEMS

I

(N Tau\gu& problams : how thuings

Now called : $urding the derwvative,
or differentiation

(2) Avreo problems 4

Now called : _Cﬁh_c.smk(on
(then : quradrature) *

F undomental Theorem of Caleubus:

These ore unverse processes .

(Torrc'u.ui, Barrow , NEWTON, LEIBNIZ)






GEOMETRIA

INDIVISIBILIBVS
CONTINVORVYM

Noua quadam ratione promota.
AV THORE

F.'BONAVE NTVRA CAVALERIO MEDIOLAN.
Ord. Iefuatornm S. Hieronymi, Do M. afcarelle Pr.

- Ac nA mo Bonon. Gymn. Prim. Mathcmatxcarvarofc{TorC‘
AD [I.I.VSTRISS BT RBVE RBNDISS B

D. IOANNEM C.IAMPOLVM




From Wallis’s Contec Sections (1656)

s

 Quod auten de Lineis ¢ Parallelogrammis perinde nominandis, dictunm eft,
mielligendum etiam erit de Circalis ¢ @’/iﬂ(ffﬂ[if, vel etiam de Planmis quibufvis
& Prifinatibus [uper illa plana conflitutis © dummods [upponantur tantam five

craffitiern five altitudinen habere guanffa e§? — altitudms ilis fignre quans

conflituunt.  Nam Cylindrus nullivs alutudinis, vel nfinite exiguz, quid aliud

elt quam Circulus? & Prifma, alutudinis vel nullws vel infinite exigue, perinde
atque planum traétari poterit. Atque  hoc jam {taum ab miuo monendum effe
duxi, ne {epius llud deinceps repetere necefle foret.

Pp PROP
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108 DEs MOUVEMENS COMPOSEZ
-touchante parle point E, car ces pofitions de cercles cftant parallcles; & le
-poinc E cftant auffi élevé fur la bafe A C, que le point F, les touchantes des

cercles font patalleles, & partant Pune peut fervir aufli-bien que Pautre,

pour en mefler un mouvement droit, puifque P'une & l'autre rencontre la
. ligne EF, qui eftla dirc&tion de cc mouvement droit: C'eft pourquoy fi T'on
vouloit décrire le cercle de la Roulette en la pofition quil cft lors que le
point qui la décric cftarrivé cn E, ayant premiérement décritle cercle BFD
autour de 'axe BD, & tirélaligne EF [ parallele 3 AD C, prencz EM dans
EFI égale 3 FI, qui eft comprife entre la circonférence & le diaméere du
cercle qui eft perpendiculaite 3 a bafc A C, vous aurez le poinc M par ott
doit pafler ce diamérre perpendiculaire.  Ecpartant fi vous tirez M N perpen-
diculaire 3 A C, & fivous la prolongez vers M en O en forteque N M O foic
¢galeaudiamérre du cercle de fa Rouletre, vousaurez le diamérre dudic cer-
cleenla pofition requifes ce quictt facile. ey
Je nc vous diray ricn des propriétcz de la Roulette, comme que la ligng
droite EF cft 2 Parc F B, en mefme raifon que la bafe A C 2 route la cir-
conférence du cercle &c. M. de Roberval ne m’a pas encore faic voir le Traité
qu’il en a faic, ol aprés en avoir démoniré cette propricté & un grand nom-
bre d’autres, il compare ceslignes les unes aux autres, les fcmblaE;:s , celles
~ ~ de divers genres, les égales, les inégales,, leurs ordonnées, leurs efpaces &c.
ce qu'il a expliqué dans un fi bel ordre, qu'il m'a dit que fon Tr2ité cfioit

_lulg limé comme ¢’il euft cfté fur le point de le faire imprimer, .. = ¢ ¢

R HIRTE 8 S 50 e SR TR ST AT A aiah

Donziéme éxemple, de la compagne de la Roulette. - =
’E s’r ainfi que I'a voulu nommer M. de Roberval qui I'a inventée : &
A qui en 2 imaginé I'hipothefe & la defcription en cette forte,

Roberval
and the

et O )

Cycloi

|

- - il - =i

7’ 1 N\

I

A 2 [

Soit propofé Ia Roulette ABC de laquelle labafe eft A C I'axe BD, Ie
cenrre du cercle dansI'axeelt E, & le cercle de Ia Roulette BED 4 Pentour
del'axc. Entendez que la Roulette eft décrite par la feconde facon qui en
a cfte donnée dans I'éxemple précédent; cCeft 3 fgavoir que pendant que le
cercle de laRouletee gliffe depuis A jufques en C, en forte quefon centre E
décrit 'un mouyement uniforme une ligne parallele & égalea AC, enmef-
me temps le point mobile A parcourt par un mouvement uniforme la cir-
‘conférence.de cecercle, & décritla Roulerte par le mouvement compofé de
ces deux; imaginez maintenant que pendant que ce point parcourt ainfi la
arconfcrcncc D F B, unautre point A ou D mobile dans le diaméere du cer-
cle, qui eft tofijours perpendiculaire A C, monte le long dece diamécre de
D vers B d'un mouvement inégal, en forte qu'il foit tofijours également éle-
vefur la bafe AC, comme eftle point qui décric la Roulette, S'eft-a- dire

f qu'ayant




(2r)(Wr) + L (mwe?)

So +otal oree = 3wr?

2 3% (oveo of curcle)
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DE ANALYSI

Per ZAquationes Numero Terminorum
INFINITAS

Ethodum generalem, quam de Curvarum quanti-
tate per Infinitam termincrum Seriem menfuran-
da, clim excogitaveram, in [equentibus breviter explica-
tam potius quam accurdie demonfiratam habes.

C—

AS1 48 Curvz abicuies 4D, fe
Applicata BD perpendicularss o bt
nct 48 = x, ko =y, & fint
A o2 & o 8o Quanmitawes diix, &
w, =, Numeri Integn. Deamnde, A

4]

Cargaram Simpliciam Cuadratura.
P G
REGULA 1L
Si axi=y; Erit ==x% = Aree 4BD.

Res Exemplo parebir.

S vl e bt amime, Xz, b o« ABD

. * N\ ¥ <2 i



'N ewton's caleulus

Rule 1 : T ax™":= Yy, then well
no fimsn). st es ual, the area ABC,

a % 8 8

Consiber avea ARB'C’
Rrea BPQB'z area Bece'p’
I§f BP:v, area AB'C' z 240V
So: (z+ov) = %(xuﬂ’
X'd- 2z0v ¢0%y* = %(kv‘* 3x*o+3xc"+0’)
concelO: 2zveovt s %(3:‘43:040’)

anore O :
tgno 2.3.“31: /2

. r ’
vz y - '9‘%"49“’“‘3 Yz x

and conversely...




Method of Fluxwns

b







Letbniz’s Calaulus

e e = o o

all lines = omn. L
s §i

| = omn. [, or the sum of the Is. Thus,

It will be useful to write | for omn., so that
2 o == =
It =ﬁ.la,andjxl=xj'l—ﬂl.

From this it will appear that a law of things of the same kind should always be noted,
as it is useful in obviating errors of calculation.

N.B. If  lis given analytically, then l is also given; therefore if [[ 1 is given, so also is
[; but if [ is given, [ [ is not given as well. In all cases fx=52[2.

N.B. All these theorems are true for series in which the differences of the terms bear
to the terms themselves a ratio that is less than any assignable quantity.

2 x°
x%=—
3

FM oreos c'»volvu Sunumation



Colewlus :

voriables °

derwatwes

(tongues)
(rckagrabion

(areos)

Newton vs Letbniz

change no coneept of
with tume motion
($lowing) | (seqs of close values)

basic (dea | defference of
2 velocity successwe Values
{ nSuinitalsy small)

t Swd anbi- | use summaton

demvatves " of Lines

(Sundasestel
Heeorem )

x, g | &,



