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OPTICKS:

OR, A

TREATISE

OF THE

REFLEXIONS, REFRACTIONS,
INFLEXIONS and COLOURS

LIGHT

ALSO

Two TREATISES

O F

Curvilinear Figures,

LONDON,
Printed for Sam, SsaiTu, and Benyp Warronrnp,

Printers to the Royal Scciety, at the Priace’s drms in
St. Pauls Church-yard. m%ﬁ'\?




Gottfried Wilkelm Leibniz
(166 =1T716)




Britain vs. & Continent

Newton

Halley
Toylor
Moclowrun
Vo kiskov;
S ouwndarson
Bradley

Letbniz

The Berrnoullis
Euler
d’ Alembert
g
leqendre
Laplace
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The Death of Tsaac Newton
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Newtonian Philosophy

EDMOND HALLEY (1656-1742)
Sovilion Professer of Gc.ond:rg

= whie on underqraduste, sailed to
St Helena 4o observe southem stars
- FRS at aqe 22

= pursuaded Neston to unte ‘Prancipia’
= Seo captoun (52° sonth)

= editwn of RApollonurs’ ‘Conics’

- Astronomar Royal , 1720-1742

= predicted rebum of ‘Halley's comet®

Newtonian pki.l.o:oph, advanced . the
OLD ASHMOLEAN (1683)
Un the Lechures by the Sovilian professors
DAVID GREGORY, TAMES BRADLEY

Radcliffe Obsevokory built




~174.2)

(1686

[

Edmond H

m._.:—.h._m:% m_..n:: _umﬁﬁ_q 13 .m“
i nmﬁm_a : mm
u-nmﬂn.uu mm_.mﬂ*mnm_m __ Hh—._ “M -_“L _m..mw

m_?é__‘ “gm it uRi

Tid= 50

-
WA BRITAWEIL

FERaa DE
LAdBRADE A

A Mo

[

!'1 NORTH,

g

§ o 5zd, ISR I s pnapn
B REE mﬂwwﬁ{ i ﬁﬁw EEE .ﬂwwm %m_“_m
u,.m.usuu. un i .. -_. 3 M sl m i1

ac° u.mﬂ bl mmur ﬁ.y ML.? “mﬂt i .rﬂ m,»m i wrw it t.:rm




H&LLQ.B'_{ Edttion oy
nﬂzou.ov\hu‘: ‘Contes’ (1710)

ot
==*3"z:.*; Jozemata defe or ).*su excelam Jw;ﬁ: ad.
coTmites dta dicitur Lene lperﬂm ELE, I"an.nmm enim veﬂ:gm v;deﬂ.

E : o e I
£ { i JEm
- I"

¢ Somandicus, :zhs.rf-‘fq.n:su cus gfectus at "*'" Qﬁ;ﬁfﬁ’ﬁﬁ{..
o

22 '..;'.: ST o L




Lor (1685-173))
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Newton’s calculus

Variables : changing with time
":Flowins'

Derivotives: based on velocity

('l:msu\'k.t) - notokion x, Y

Ex mp_!,_g : Y= ~ 2 ':I“;'

Substitute x+30 for x
Ye+gofory:

N ReXO
N+yo = X'+ 2xx0 + x*o"

Coneel 0: = 2xx 4 o0

Tqnere 0: (= 2x3, or y/x 3 2x

Inteqrals :  find onti- derivotives
Larens) ( fundomental theovem)




Bishop Berheley’s ‘The Analyst’

OR, A&

DISCOURSE

Infidel MATHEMATICIAN.
WHEREIN :

It is examined whether the Objelt, Princi-
les, “and [nferences of che modern Analy-
i3 are more. diftinétly, conceived, or more

evidently deduced, than Religicus Myiterics
and Points of Faith,

Bythe AutaoR of The Mimue Philsjopber.

The Secoaxp EpiTian,

Firft caf sut'the beam apt of thine sww Ege ; ard then
JBalt thaw fee clearly to ca eur the mary cut of the brat
ther's e 8 Mar, e wii v, 5.

L O -N"D O:N:

Prnted for J.and R.Toxwsowand 5. Dr apgs
in the Srrard,
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Bishop Berkeley’s The Analyst (1734)

The Analyst, or a discourse addressed to an
infidel mathematician wherein it is examined
whether the Object, Principles and inferences of
the modern analysis are more distinctly
conceived, or more evidently deduced, than

Religious Mysteries and Points of Faith.

He used these fluxions like the scaffold of a
building, as things to be laid aside or got rid of.

What are these fluxions?
The velocities of evanescent increments?

And what are these same evanescent

increments?
They are neither finite quantities,
nor quantities infinitely small, nor yet nothing.

May we not call them the Ghosts of departed
quantities?




Colun Maclaurun (1698-1746)
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Primlp}z Mathematica (1687)

Ll e i

Laws of Motion

Book T : The Motion of Rodies

o e

Inverse-squore law of gravity
Kepler's Llaws

Book TL: Motion in Resisting Media

Wave moton for light and sound
Vortwees : Descartes’ theony

Booh'.lI[:Tko.Sgﬁo__mg_St_ngM

=

Orbits of comets

Motion of the moon

Theory of tides

Flo.'&mﬂns of tha Eorth ok He poles
Precession of the equinoxes
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The _S___k_g_.pf. of the Eartlh

L]

Prop. XVIIl, Theorem XV :

That the axes of the planects are lecs than
the diomcbors dvaun pupimdiculor b He axes.

- i§ owurﬂnwumtkis\udodﬂ&
eqmakor thew ok the poles, 4ha Sca wonld subeide
about 4he poles, and, ricing bowarls Hhe equator,
wWould loy all Hhinas theve under wober,

e the carth Wl be higher ok the equater thas
ot the poles by 85472 feek, or 17 %o miles.
And. ks height ok the equoator wilk be about

19,658,600 feck, and ok the poles 19,573,000 feotk.




Success of tha Prineiplo

* Lmmedioke un Brtois end #Hae
Netherlond s
"the qreatest Discoveny Gn Nodure
thet Wer was since Ha Worlds Creatron .
* Fromce : de UHopitet
Volteire, Mme due. Clhotelet
* Mouperturs:
The shape of the

PM ‘ww;

Newton covreck : Bar#h is flathes ot Hie poles,
e e e e



What shape is the Earth?

In 1672, Mr Richer, in a voyage to Cayenna, near the
equator, found that the pendulum of this clock no longer
made its vibrations so frequently as in the latitude of
Paris. In consequence of this it was discovered that,
whereas the gravity of bodies is by so much the less
powerful, as these bodies are farther removed from the
centre of the earth, the region of the equator must
absolutely be much more elevated than that of France;
and so must be further removed from the centre; and,
therefore, that the earth could not be a sphere.

Voltaire

It is evident in general that Sir Isaac Newton’s Figure of
a flat Spheroid, and Mr Cassini’s of a long one, will give
very different Distances of Places that have the same
Longitude and Latitude. ... In a course of 100 Degrees
Longitude, there might be a Mistake of more than two
Degrees, if sailing really upon Sir Isaac Newton’s Earth
one should imagine himself to be upon Mr Cassini’s.
And how many Ships have perished by smaller
mistakes?

Pierre Maupertuis




Moupertuis's Missionto Lapland.
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Letters between Buler and Claivaut

L= e I S et e

Cloiraut to Ewler : 11 Sept 1747
Pending something betber, tha law for alk nabure
showld be as | /dist? + o small Sunchion of
distonces deteckable for e moon and aflmost 2w
for qreek dickances ...

Euwler v Clairond @ 30 Seph V747

- disogreed. - Meruny doessit fit He explanation.
Cloivaud  Euler : T Decamber 1747
Meruny can be deald with by adding L'/3574°
(4= diskonce bekuaan tarth and moon) ~ but His
does b s Agld - and /d¢ ;‘"b'.‘b"‘s

Clairaut - gensal announcament : 17 Mayi 14

Homng considered omuw froma new Viuopowk,
T hare been led 40 reconals obsavations with o

fore X Yo Unverse squone of e distance.




T\-.m Motiown of the Moon.
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226 MECHANIGQUE ANALITIQUE
g. De cetze maniere Ja formule générale du mouvement
!H—L—laﬂmﬂfenmm:ﬂ:dhﬂ
::{+fl+++!++5¢:nn,
dany lagquelle on aura
ot P S A
rmd. e e
R e b
fe,
en fappelant

Tom§ (ALY, Jrm S,

v
& dn == Pdp- Qdg = Rdr e

5i donc dans le choix des nouvelles variables £, 450, B2
ona en dgard aux équations de condition donndes par la
pasure du fyfiEme propafé, enforte que ces variables foient
maintenant cout-i-fait indépendanites les oner des putres,
& que par conlédquenc ledrs varisdons 2§, 74, fo, o,
demeurent ablolument indérsemintss , on suea foe le champ
les équations particulicres = e o, ¢ = 0, & = o, Ke,
lelquelles fervirant & déverminer le mouvement du fylkéme;
puilgue ces dquations font en mEme nombire qoe Jes varizhle
Eady e, Bey dob dépend la pofition du fyflfme 4 chagque
laftant i

Mais quoiquien puille roujours ramener 1o queftion 3 cet
€rat, puilquiil re sagic que déliminer par les dquations de
condition, autane de varisbles quelles permemcent de le
faire , &de prendre eafuite pour £, 4, ¢, &, les variables

CELESTIAL MECHANICS
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Noture, ond Noture’s Laws
Loy hid in Night.

God said, Let Newton be'!
ond. AW was Liskt.

A.POPE
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New METHOD

For Diftovering the

LONGITUDE|
SEA and LAND,

Humbly Propofed to the Confideration
of the Pusrick,

BY

diam iFBife, M. A e Dirsen, Malter
fomerima Profeilor of) the New Ma-
the Machemaricks in »and thematick School in
theUniveriity of Cam- Cheif's Hafpiral, Lon-
brivg. don.

LONDGOWN:

Princed for Joww Purrwnies, ac the Black
Bell in Corabill. 1714, Fuly 15,




Nicholas Saunderson
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The Ballad of Gresham College

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 founded for the witty.

The College will the whole world measure;
Which most impossible conclude,
And Navigation make a pleasure

By finding out the Longitude.
Every Tar shall then with ease

Sayle any ship to the Antipodes.
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John Harrison






Leibniz’s calewlus

Varcables : No concept of motion
- sequences of close values
Devivotives :  differences of successive
(tansmk:) valaes - M small
- notoation 4y /ds

Ir\.-\-.csrn.l.s . avreo = Sum of lines
(oveos) y

notatwon :

oll Lines = omn. L
=I|' =




_J'dLob Bemoullt (1654-~1708)

B e e e Ty

logowrithmic spiral
probability ('Avs CQOJJM’)
wovd, ” l.'td.c.snl“




Tohob Bernoulli’s ‘Ars Cou:‘M‘ (1913)

e T e T I o S e ]

ACOB1 BERNOULLI probability :

Profell. Bafil. & utriufque Societ. Reg. Scientiar.
Gall. & Prufll Sodal

MatnemaTict CELEBERRIMI,

ARS CONJECTANDI, | ‘low of large

OPUS POSTHUMUM. numbers®
Aceedit
TRACT ATUS . l- .-l
DE SERIEBUS INFINITIS, theorems
EtEristora Gallicd fcripta L':.KQMI.;L
DE LUDO PIL E : . E
RETICULARIS | distribution
combinotoncs:
Slaureke numbers
545 A Comb unations
Impenfis THURNISIORUM, Fratrum. 3
cl> Incec xi1l. . ui
numbers

e

preceded. by o hymn on the infinite varihy of
nature — this vanety stoms from the Combinations
and. orronguments of ks parts, and the
Combinatonal art helps us €0 cuumersbe Hhese .

————




Brachistochrone Problem

[ T . Y

1697 : Johann Berrnoulli:
Find the ‘curve of quickest descent’

‘T recognize the Lion by his claws’




J o honn

Bernoully
(1667-176%) —

colenlns of vanedions

Bernoulle
€ (1700-1782)

probability




Morvquis de L' Hopital (1661-1708)

Published the fust book on Hhe
Colewlns (1696):

‘Hmlsuhsuw ™ pebits’




Leonhard Euwler
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Joseph -Louts Lasﬂu\gt (1736-1813)

f(x) =2 04 bxas ex®sdx®s ...

F'(x) = B+ 2exs Tdxs ...

Sin X = =2 +%% 0= ...

so [cosx =] ) = /g ¢+ R¥/3q = ...
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MAP OF KDNIGSBERG

From H, Zeiller, Topographia Prussiae et Pomerelliae, Frankfurt, c. 1650,




SOLUTIO PROBLEMATIS
AD GEOMETRIAM SITUS PERTINENTIS
h

Commentatio 53 indicis ExssTrOEMIANI
Commentarii academiae scientiarum Petropolitanae 8 (1736), 1741,

1. Praeter illam geometriae partem, quae circa quantitates versatur et
omni tempore summo studio est exculta, alterius partis etiamnum admodum
ignotae primus mentionem fecit LeBNiTzivs’), quam Geometriam situs vocavit.
Ista pars ab ipso in solo situ determinando situsque proprietatibus eruendis
occupata esse statuitur; in quo negotio neque ad quantitates respiciendum
neque calculo quantitatum utendum sit. Cuiusmodi auntem problemata ad
hanc situs geometriam pertineant et quali methodo in iis resolvendis uti
oporteat, non satis est definitum. Quamobrem, cum nuper problematis cuius-
dam mentio esset facta, quod quidem ad geometriam pertinere videbatur, at
ita erat comparatum, ut neque determinationem quantitatum requireret neque
solutionem caleuli quantitatum ope admitteret, id ad geometriam situs referre
haud dubitavi, praesertim quod in eius solutione solus situs in considerationem
veniat, calculus vero nullins prorsus sit usus. Methodum ergo meam, guam
ad huius generis problemata solvenda inveni, tanquam specimen Geometriae
 situs hic exponere constitui.

2. Problema autem hoc, quod mihi satis notum esse perhibebatur, erat
sequens: Regiomonti in Borussia esse insulam 4, der Kneiphof dictam, flu-
viumgue eam cingentem in duos dividi ramos, quemadmodum ex figura (Fig. 1)
videre licet; ramos vero huius fluvii septem instructos esse pontibus a, b, ¢, d,

e, f et g. Circa hos pontes iam ista proponebatur quaestio, num quis cursum

ita instituere queat, ut per singulos pontes semel et non plus quam semel
transeat. Hocque fieri posse, mihi dictum est, alios negare alios dubitare;
neminem vero affirmare. Ego ex hoc mihi sequens maxime generale formavi
problema: quaecunque sit fluvii figara et distributio in ramos atque qui-
cunque fuerit numerus pontium, invenire, utrum per singulos pontes semel
tantum transiri queat an vero secus.

.




40 Glovennt Marinent (Vienne)
13 Morch 1736
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1o. Dot duae msulae 4 et 5 agua circumdatae, qua cum agua com-
mupicent quatuor fluvii, quemadmodum figura (Fig. 3) repraesentat. Traiecto
porro sint super aquam insulas circumdantem et fluvios quindecim pontes
a, b, ¢, d etc. et quaeritur, num quis cursum ita instituere queat, ut per

omnes pontes transeat, per nullum autem plus quam semel. Designo ergo
primum omnes regiones, quae aqua a se invicem sunt separatae, litteris A,
B, C, D, E, F, cuiusmodi ergo sunt sex regiones. Dein numerum pontium 15
unitate augeo et summam 16 sequenti operationi praefigo.

16
4% 8 [4
B, 4|2
C*, 4|2
D, 3|3
E, 5|8
™ 6|3

16

20. Casu ergo quocunque proposito statim facillime poterit cognosci,
utrom transitus per omnes pontes semel institui queat an non, ope huius
regulae:

ww Si fuerint plures duabus regiones, ad quas ducentium pontium numerus est
impar, tum cerfo affirmari potest talem transitum non dari.

o Siautem ad duas fantum regiones ducentiwm pontiwm numerus est impar,
tunc transitus fieri polerit, si modo cursus in altera harum regionum incipiatur,

o Si denique nulle omnino fuerit regio, ad quam ponfes wumero impares condu-
cant, tum transitus desiderato modo institui poterit, in quacungue regione ambulandi
indtium ponatur.

Hac igitur data regula problemati proposito plenissime satisfit.




The BRIDGES of KONIGSBERG

A Solved 55 EWLER
w736
D
e
C

whenever you enter a vertex,
youw must be able o leave & ;l l :
even
So Oor L odd degrees.

Konigsberg has degrees 3, 3,3, 5,

ond so is Umpossible.
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Euler on Polyhedvro

Berlin d, 14. November 1750,

Neulich kam mir in Sinn die allgemeinen Eigenschaften der
Corper, welche hedris planis eingeschlossen sind, zu be-
stimmen, weil kein Zweifel ist, dass sich in denselben nicht
chen dergleichen allgemeine Eigenschaften finden sollteny als
in den figuris planis rectilineis, deren Eigenschaften darin
bestehen, dass 1. in einer jeglichen fisura plana der nu-
merus laterum dem numero angulorum gleich ist, hernach
2. dass die summa angulorum omnium gleich ist bis tot
rectis quot sunt latera, demtis quatuor. Wie aber in den
figuris planis nur latera und anguli zu betrachten vorkom-
men, so miissen bei den Corpern mehr Sticke in Betrach-
tung gezogen werden, als

J— PRSI PR

I. die hedrae, deren Anzahl e+ = H;

II. die anguli_salidi, deren Anzahl sey — 5

die Fagungen, wo zwey hedrae securidum latera zm-

sammenkommen, -so ich aus Mangel eines recipivten

Worts, acies nenne, deren Anzahl sey = d:
. die latera singularum hedrzrum, quorum omnium
simul sumtorum numerus sit = L;

die anguli plani singularur: hedrarum, quorum om-

nium numerus sit = P.

1. Bei diesen finf Sticken ist nun erstlich klar, dass
P—=L, weil in allen hedris der nimmerus angulorum = nu-
mero laterum,

2, Ist auch immer 4 =1L, oder A=1P, weil immer
zwey latera diversarum hedrarum zusammenkommen, um
eine aciem zu formiren.

3. Dahero ist der numerus lat:rum seu angulorum pla-
norum omnium hedrarum corpus mcludentium allzeit par.

k. Semper est vel L—=3 H vel L>3H

5. Semper est vel P=3 8§ vel =38

Dieses ist klar, weil keine hedra aus weniger als drey
Seiten, und kein angulus solidus aus weniger als drey an-
gulis planis bestehen kann. Folgende Proposition aber kann
ich nicht recht rigorose demonstrir<n:

at est P=UL.

6. In omni solido hedris planis incluso aggregatum ex
numero hedrarum et numero angulorum solidorum binario

superat numerum acierum, seu est Hi S:AiQ, seu




Euler's Poluhedron Letter (1750)

[

. P2 B 45 4 =17




orthocentre O

centrowd C

cureumceentre M



Fermot Pruvme Numbers

Fermat: Foz 241 s prime (?)

Foz 24123, F,=22%1:=85,
F,=2%+1 217, Fy=2'+1:2257,
Fo= 241 = 65,537

Fe= 4.294,967,297 ?

Euler : Fy is divisible by bl )

Proof : b4 = 5%+2% = (5%x27)+1.
So 2%+ = 2™ (5%s2%)-(527)"+ |
= 2%, 641 = (6k1-1)" + |
= b)) *x K, so bl | 2%+




Euclid Book I, Prop. I

T e SRy Tny | Gy

On o given straight Line

to constnuct an equilatenal triangle

C

Let AB be the Line. /A\

With centye R and '
d.istarce AR, drow the

cirele BCD. [Post.3]

3 Wiekth centre R and. distance BA,
drow the cirele ACE, [Post. 31

Joun AC and BC. [Pest.1]
Then the triangle ARC is equilaterel.
Proo$







Cov\stru.cbi.ns Polyqons

Goumss : R reqular polygon with
n stdes con be construcked wieth
Straight-edae ond. compasses
tF ond only if n has the form

n = 'lh's Py ®Pa®-cr .
T distinet Fermat
Primes
3, kL, S, 6, 8, 10, 12, IS, 15,
1, 20,24,30,32,34, 40, 48,
s‘l 60" 6#! 68“°J ssﬂ qbl'

\02, ..., 257, .-+, 65537, ...




