History of Mathematics
Lectures, 2004-2006

2004: Multi-cultural mathematics

6 October: Keep taking the tablets

(Egyptian and Mesopotamian mathematics)

27 October: Here’s looking at Euclid

(Greek mathematics)

17 November: Much ado about zero
(Chinese, Indian and Mayan mathematics)

2005: Mathematics comes of age

5 October: Isilamic and early European
mathematics

26 October: Renaissance mathematics

16 November: The seventeenth century

2006: Modern mathematics

4 October: The eighteenth century

25 October: The nineteenth century

15 November: The twentieth century







Eorly Mathemokics Time- Line

o 2T700-1600RC: Eﬂ"th

® 2000-1bOOBC: Meso‘ao&mio;

; (' Babylonion®)
o ‘o LOORBC-S500AD: Greece
(Three periods)
o 300RC-I4LOOAD: China
® 400 =-1200AD : TIndta
e SO0 -1000 AD: Mujou\

9 (0 750 - 1400 AD : TIslamic[Anbic

® ¢ 1000~----AD : Europe

(Middle Ages
—» Rensissance)



Three Periods

R ey

Eoarly: Thales
Pythoagoras

RAthens : Plato
Aristotle
Eudoxus

Alexandria: Euclid
(Avrchumedes)
Apollonins
Ptolemy
Diophontus
Poppus
Hypatia

600 BC
520 BC

387 BC
350 BC

370 BC

300 B¢
250 BC
220 8C
ISO AD
250 AD?
320 AD

LOOAD
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¢ Greece (c.3008c¢)
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Source Material

* Noeo SUrviving prumony sources
*  Greek mathematics wntten on popyrus
% Fvo.smucbs of (otker wri:b(hg:

¢ Communtories — especially by
Proclus ( Sth century AD),
possibly baged on Ewdemus's
lost ‘ Misteny of Geomebry® (e BC),

@ Commentones and edikions from the
Islamic period (after SOOADY,



11\’; eorliest survivins Euclid (338 AD)
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Tholes of Miletus

(===

(c. 624~547 BC)

The famous Thales is said to have been the first to
demonstrate that the circle is bisected by the diameter.
If you wish to demonstrate this mathematically,
imagine the diameter drawn and one part of the circle
fitted upon the other.

If it is not equal to the other, it will fall either inside or

outside it, and in either case it will follow that a shorter

line is equal to a longer. For all the lines from the
centre to the circumference are equal, and hence the

line that extends beyond will be equal to the line that

Jalls short, which is impossible.




- Hierarchies in Euclid Book 1T




Pythagoras (c.572-4978¢)

r*(ou MAY BE RIGHT, PYTHAGORAS,‘
BUT EVERYBODY'S GOING TO LAUGH
L IF YOU CALLIT A "HYPOTENUSE.” _

-
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Pythagorean Music
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Pgtk&sorean Fts\&m&. Numbers

Represent numbers geometrically ...
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Any squore number
(S the sum of two
consecutive triangulor

numbers,




Commensurability
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(afb un Lowest terms)

Then: 92 : &7 5o a2z 2b
b* -

Se aliseven and ais even
Let ooz 2k, so a*=z4k® =242
Se b* = 2k*

Se b s even and b is even.

So a_and b are both divisible by 2.
CONTRADICTION

Se Vi commot be wntten as /b




Eg}_k_g-som’s Theorem

In any righk= angled triangle,
the squoare on the hypotenuse is equalto
the sum of the Squares on the other two siudes







Plato’s Ptco.d.evv\g (3878¢)

‘ Let no-one i.av\.orawl: L gum{nj

enter these doors’

Menrno:

Socrates and the
Slave boy : double the
stze of the squave ..,

Republic :
Mathemakical studies fov the
philosopher ruler :

Arithmetic = Plane Geometry —
Solid Geometrny - Astronomy - Harmonics




Platontc (requlor) solids
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Greek Couu\:ki.n.g.

1]2]3lulsle]v[s]a]i0
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Multiplicotion table

Y 2 3 & Sy T 8§ 9

Sopwqf




The Three Classical Problems

emraae s S ]

1. Doubling the Cube

Given o cube, construct
onother with twice thevolume,

2. Trisecting the Angle

Given any Mslc., construct
two Lines thet duvide ik ueto
three equal ports.

3, Squafms the Circle

Guwen a cuircle, construct @D
o SqQuore wikh the Samearea.,

—1—»
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SIS CLARISSIMT PHILOSOPHIL MATHEMATICORYSM
facile principis: primum cx Campano, deinde ex Theone graco counv
meatatore, interprete Baccholomyo Zambeite Veacio,
Geometricoruen clementotum liber primus,

¥ Campanoriplex principlorum geays.
primum  Daffinigiones.
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longitudo fiue latgudine, 5 Cuius quidem
EO8 caremitates, funtduo punlta, 4 Lineare
7 $i cta, cltab uno puncto ad aliam breoilfima ex-
(e tenfio , in extremitaces faas cos recipicns,
/5asy ¢ Supetfides.clt qur longitadinem s faticu
| dineen tantun haber. ¢ Cuiosquidem teer
P RETSREES T mini, funtlinex, 7 Superficies plana, cltab
una lineaad aliam breuillima cxienfio, in exteemitates fuas eas cecipiens,
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s Angulusplanus ,ft duarum fincaram aliernus contadlus, quacunt
expanfio eft fuper fuperficiem . appliacto non dice®a. 9 Quando
autem angulii continent duxlinea tedtaeedtilineas angulus nominacar,
1o Quando reckalinea fuper retam feterit, duods anguli utrobigs fue
rintequales,corum uterque roftus erit, lincacy inex fupesftans,d cad fur
perliac, perpendicalacisuscatae.” w Angulus vero quireélo maior ¢ft,
obwfusdicitur. & Angulus ucro minot recto acutus appellatar.
sepilerplonss . petiliens Aspibacllignt 4 Acte §obfe Ugopeshe ¢ Rellss

AN\

1 Terminus,clt quod aniufui faisclt, oy Figum, cltquzceer
mino uel teriminis continetur, 15 Circulus, eft figuez plana ana quiv
dem linea contenta qua circiifecentia nominator.in caius medio panchis
eft, 3 quo omaes finex reftx&ad circanferentiam exeuntes, ibi nuicem

Euclid

(c.300 BC)




Ewuclid's ‘Elemenks’

First prirded edition, Venice, 1482
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Proclus on Euclid’s Elements
e R e s T S e N = Nt

It is a difficult task in any science to select and
arrange properly the elements out of which all other
matters are produced and into which they can be
resolved.

Such a treatise ought to be free of everything
superfluous, for that is a hindrance to learning;
the selections chosen must all be coherent and

conducive to the end proposed, in order to be of the

greatest usefulness for knowledge;

it must devote great attention both to clarity and to
conciseness, for what lacks these qualities confuses
our understanding.

Judged by all these criteria, you will find Euclid’s

introduction superior to others.




Euclid’s ‘Elements’

I  Foundations of plane geometry
T The qeometny of rectangles

T The geometny of the curcle

IV  Reqular polygons un curcles

Y Magnitudes in proportion

VI  Geometny of sumilar fiqures

YII Basic onthmetic
YIII  Numbers v continued proportion
TZ  Even and 0dd numbers | pufect numbar
¥ Tncommumswable Line seqments
XTI  Fourdations of solid geomebry

YT  Areas and volumes (Eudoxus)
YT  The Platonic solids



Euclid : Defunitions from Book T

e e

'OEOL

e a’. Enyewv eaTw, ol uépos ovlfév,
ﬁ I papp.n o€ ,m;xog amAaTés.
y’. Dpappis 8¢ mépara ompueia.

S’. Edfeta 'ypa,u,un éotiv, nris €€ loov Tols €4’
€av 7‘779 onuelots kelras.

Emcﬁavaa 0¢é €oTw, 0 pufkos kal wAdrTos
p.ovov ExeL.
"Emdaveias 8¢ wepaTa. ypap.,u.aL

C "Enrimedos emg[)avew. eaTw, NTis €€ loov Tals
e eavmg evbeiais keiTad,

7. EmweSog 86 ywvia €oTiv ﬁ €v ewmeSw o6v0
YPapUDY ar‘ro‘uevwv a/\/\'q)\wv Kat ,un] e’ edbelas
KELLEVWY TTPOS a.A./\n/\ag TOV ypapLiy KALGts.

g’. "O‘rav 0€ ai mepiéyovaar T ywvcav 'ypap,ua(.
evgecac Do, ev9vypap.p.og kaAelrar 1 ywvia.

Ayt ev@eca emr’  evfeiav a*ra@ewa. T&g
ecﬁefqg ywvias LO’O.S‘ a/\/\n/\al.g mou), opfn éxarépa
TOV lowv ywndv éoTi, kal 1) épeornivia edbela
Ka0€ 705 kadAeiTal, e’qS 'qv e(ﬁeo*rr)rcev.

"ApfBAeia ywma eotiv 7 peilwv opbis.

.@ "Oéeta 86 77 e/\aoowv op9775‘.

&y’ "Opos ecrrw o ‘TLVOS‘ €aTL wepag

. Exmua €0TL TO UM TWOS T TWWY OpPWY
'nepLexo,uevwv
e ie’. Kikdos e’o*ri oxfua émimedov vmo wids
'ypa,u,p,ng 7r€pcexopevov ki Ka/\a’ral, wepcrﬁepeca]
TpPOS nv ag’ €vos myp.aov TGV €vTos ToD O’X’TLLLCLTOS
KeL,uevwv mdoar ai 'npoamvr'rovoal. evletar [wpos
TV ToD KUkAov mepipéperar] loar M Aais eloiv.




Euwuclid’s Postulates

Let the following be postuloted :

1. Te er;s&miaki Line Srom oy pount te
oy pout .
2. To preduce o finike S‘Emla\v& Uine Conbinuouty
W o skmlskk Line .
3. To describe o circle with ony conbre and
distonce.

4. That ol nakd angles are equal to e anctiver,

5. That, if o straiaht Line folling ontwo stright
Lines moke the usterior angles on the same side
less Haan two nsk# ”3(“-'“"'{”’ shraight Lines,
Lf produced indefinidely N
meet on thet sibe on whech T
ore the angles Less tham —— e g
tha two naht angles. o+ < 180° b Lines meck



Euclid RBook I, Prop. 1

On o qiven stratght Line

to constnuct an equilatenal triangle

Let AR be the Line. /A\

With centre R and '
distance AR, draw the

cwrele BCD., [Post.3]

Wceth centre B and. distance BA,
drow the circle ACE, [Post, 3]

Joun AC and RC. [Post.1]
Then the triangle ABC is equilateral .

Proo$



Euclid Book T

S St S e

158 The base angles of

on tsosceles 'b'ia.nah.
ove equel.

I.4s & = [7]

Guven any h’io.nsh, Construct a mﬁu\:h
with the same areo.

Sumilody Sor any
polyqon ...







B..?.O:Tkmg_c_. Mm prumes
If the only primes are p,, p,, -, pn,
formw. N = Pr---Pnt+ |,

Sunce Py Pa, o\ dwide P Pw,
None of them con divide N.

So N is prme,or divistble byo neo prime . ..

ProposiTioNn 20

» EREE— )
Prime n - ; ssigned multitude o
et 4, B, C be the assigned prime numbers;
['say that there are more prime numbers than 4, B, C.

rime numbers.

For let the least number measured by 4, B, C be taken,
and let it be DE;
let the unit DF be added to DE.

Then EF is either prime or not. R
First. let it be prime; B a

then the prime numbers 4, B, C, EF have
been found which are more than 4.B, C.
Next, let EF not be prime:
therefore it is measured by some prime number. [viL. 31)
Let it be measured by the prime number G.
I say that (7 is not the same with any of the numbers 4, B, C.
For, if possible, let it be so.
Now A, B, (" measure DE;
therefore G also will measure DE.
But it also measures EF.
Therefore G. being a number, will measure the remainder, the unit DF:
which 1s absurd.
Therefore (7 iz not the same with any one of the numbers A, B, C.
And by hypothesis it is prime.
Therefore the prime numbers 4, B, C. G have been found which are more
than the assigned multitude of 4. B, C. Q. E. D.

£ D
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Fuve regulaur solids (Book XIMT)
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Ccnstm.cﬂ:ng o dodecahedron




Results from Book YII

ProrosiTion 10

If an equilateral pentagon be inscribed in a circle, the square on the side of the pen
agon s equal to the squares on the side of the hexagon and on that of the dect
gon inscribed in the same circle.

ProrosiTiON 16
R ==Y

To_construct an icosahedron and comprehend it in a sphere, like the aforesaig

wgures. and to prove that the side of the 1 - e S g
callisd iinag. ] wcosahedron s the irrational strarght line




First E_ns\.__l.i‘: +transbation
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He.m“ Bo’.&ingskg (1s70)
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Avrchimedes s
B, i




Avrchunedes’ Applied. Mathemadics

Archumedes’ prnnedple:

The weight of an object immersed G waker
LS reduced. by on amount equal to the
welght of waker displaced.: E-(JP‘Q'L«!

Law of the lever: o b

N Y

Two M&q’w& N&'Lskk‘ W,
bolance at disbonces W,ozW, b

Unversdy proportional Qw2 Vv,
+to +he wb.\s‘\*n‘. b W, il—\dz




The Ranas of Archumedes

On floakung bodies

On the equilibrium of plones

*  On the measurement of the cucle

* The method

* On spirals
On the sphere and cylinder I, T
@uodrokure of the pavabola
On conoids and Spherouds

* The sond rechoner

. Semi - reqular polyhedra



Archimedes® Geometny

Centres of aravity:
triongle, hemisphere, paralidoqram
Volumes:

sphere, porobolowd

area. of parabolic seqment
= % x (areo of triangle)

[quadrature of the parabola.)






The Value of 77

perimeter of unscribed 6-gon
< Curcumbference of cucle
< perumdier of exscribed 6-qon

)

double the number of sudes:
6, 12,24, 48, 96.
A rchumedes obtained the estunates:

3L ¢ T < 33



Conte Sections

Menaechmus (L4 C&M Bc)
Apolloniws (‘Conics’: 2s08¢)



Apolloniws’ Conies (1537)
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Apollonuss’ Conics (Halley, 1710)
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Greek Hs&ronomg‘

o Eudoxus (Lth cenduny BC):
The sun, moon and planets move
ovround the earth on concuntne spheves.

* PAristorchus (c.310~230 BC):
The stors and the sun do not move,
and the eorth revolves avround the Sun.

* Hepporchus (Iqo-nb BCY:
Toble of chords (essutally sunes);
Constructed o stor catalogue.

* Plolemy (c.100-178 AD):
Eorth - centred ‘ Plolemaie system’ ;
13-volume ‘Almagest’ ;
toble of chords (Sines Srom O° £0180°);
'Gusn-pkis’ : map projections ;
tables of latitude and longitude.



P-to\.ems’i ‘ Mmaseit’ (1496)
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DIOPHANTI

ALEXANDRINI
ARITHMETICORVM

L; IB_‘R I SEX,
ET DE NVMERIS MVLTANGVLIS
LIBER VNVS,

VM COMMENTARIIS C.G. BACHETT V. C.
<o obfernationibusD.P.de FERM AT Senaroris T olofani.

Acceflit Do&rinz Analytice inuentum nouum,colleCtum
ex varijs eiufdem D. de FERM

T
EXCudcbatBERNARDVS BOSC

> ¢ Regione Collegij Societatis Tefis,
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How old was Dwphantus?
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Diophantus spent '/ of his Life wn
childhood, '/12 in youth, and '/7 more
os o. bochelor,
Fiugma&twkismriasttkcuuu
o Son who died four years befove his father
ok 2 Wi Sather's Sinal age.

X = Dwphardus’s age :
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Apud Francifcum de Francifcis Senenfem.

M. D. LXXXIX.
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(370-41SAD)

* doughter and puptl of the geometer Theon
* head of Neoplakonic school in Alexandria
* Very populay Lecturer - udemationally known

* commentories on Apollonus’ Conuks,
Ptolemy's Almagqest , Diophastus’ Anthmetic

* gave unstructions Jer buding astrolabes, ete.
¢ sovogqely murdered by o Christian mob



