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Mesopotamian Mathematics
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30 = sibe of Square
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Three Periods

Ea..r'Lg : Tholes 600 RC
Pythogoras 520 BC
Rthens : Plato 387 BC
Aristotle 350 BC
Eudoxus 3970 BC
RAlexandria: Euwuclid 300 B¢

(Avrchimedes) 250 BC

Apollonius 220 8BC

Ptolemy ISO AD
Diophontus 250AD?
pa,ppu,s 320 AD

Hlj patio LOOAD




Tholes of Miletus

F

(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
Jfalls short, which is impossible.




Hierarchies 2_\_ Euclid Book 1T
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Pythagoras (c.572-4978¢c)

rYou MAY BE RIGHT, FTTHAGORAS.‘
BUT EVERYBODY'S GOING TO LAUVUGH

L IF YOU CALL IT A "HYPOTENUSE.”

—




- I'say that the square on BC is equal to the squares on B4, AC.
For let there be described on BC the
square BDEC, and on BA, AC the squares
GB.HC(; [1. 46]
through 4 let 4L be drawn parallel to
either BD or CE. and let AD, FC be joined.
Then. since each of the angles BAC,
BAG is right. it follows that with a
straight line BA4. and at the point 4 on it.
the two straight lines AC, 4G not Iving on
the same side make the adjacent angles
equal to two right angles;
therefore C4 is in a straight line with AG.
(1. 14]
For the same reason
B4 is also in a straight line with AH.
" And. since the angle DBC is equal to the
angle FBA: for each is right: vt
let the angle 4 BC be added to each;
therefore the whole angle DBA is equal to the whole angle FBC. [C.N. 2]
And, since DB is equal to BC, and FB to BA. :
the two sides A B, BD are equal to the two sides FB, BC respectively;
and the angle ABD is equal to the angle FBC;
therefore the base 4D is equal to the base FC,
and the triangle A BD is equal to the triangle FBC. [1. 4]
Now the pﬁﬂ?ﬁﬁiﬁ; 1S qouble of tﬁmthey have the
same base BD and are in the same parallels BD, AL. [1. 41]
And the square GB is double of the triangle FBC,
for they again have the same base FB and are in the same parallels FB, GC.
(1. 41]

[But the doubles of equals are equal to one another.]

Therefore the parallelogram BL is also egual to th_e square (7B,
Similarly, i ZE, EX be ]otnea.

the parallelogram CL can also be proved equal to the square HC ’
therefore the whole square 1s equal to the two squares CN. 2]
And the square BDEC is described on BC,

and the squares GB, HC on BA . AC.
Therefore the square on the side BC is equal to the squares on the sides BA,
AC.
Therefore ete. Q.




Pythoaoras’'s Theorem

In any righk= angled triangle,
the squore on the hypotenuse is equal®o
the sum of the squoares on the other two sudes




Lhou-bet suanjing

L I T

(The arithmetical classic of the gnomon ...)

Disseckton prook #‘Pgﬂnsom's Theorem’



Lhou-bei suanjing
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(The arithmetical classic of the gromon ...)
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Rophael’s

‘School of
Athens’

Plato ond
Aristotle




Plato’s Ptcaolzm.ﬂ (3878¢)
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“Let no-one i.snorm‘b of sumdrﬂ
enter these doors’

Meno: |

Socrates ond Hhe ‘k
Slave boy : double the

stze of the square ...

Republic:

Mathematical studies for the
philosopher ruler :

Arithmetic = Plane Geometry -
Solid Geometny - Astronomy - Harmonis
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Fullerenes

(Suk3 balls)
ahedron
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Euclid’s ‘Elements’

I Foundations of plane qeometry
T The geometny of rectangles

T The geometny of the circle
Requler polygons un curcles
Magnitudes un proportion
Geometny of sumilor fiqures
Basic onthmetic

Numbers vn continued propertion
Even and 0dd numbers | pufect numbes
Incommenswable Line seqments
Fourdations of solid geometry
Areas and volumes (Eudoxus)
The Platonic soluds
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Euwuclid’s Postulates

Let 'H\'.{Ouowihﬁ be Nlh&w:

1. To drows l..skn.iaki Line Fromony pount te
ony pout .
2. To preduce o finike strought Line Conbinuowdy
W o straaaht Line .
3. To descibe o cirele with any conbre and
diskonce .
4. Thot olh ngkt angles are equol to one ansther.

S. That, if o S'h'n:nskb Line folling on tio S'tl!-l.gkk
Limes moke the iterior angles on the same side
less Hham £100 nghk angles, the tice staight Lines,
¥ prodaced indefinitely, ’
meet on thet side on whack ~.
ore the angles Less tham —1— ot i
Hw two nght angles. A+ f < 180° B Lines meet
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Euclid Book I

e S gy,

15 The base angles of
on isosceles 'l:nmslc
ove equel.

T 32 & The angles of a
‘m?{i} triangle add upte
2 ﬂsk'k u\su.t

I.45 &_} m

Gwen any triangle, construct a rectongle
with the same area.

Sumilady Sor ony
polyqon ...
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Aveo A: ,’\
lf sz(asbeced) 2, thn

A: J(s-u){s-!o)(l-c')ls-&) : /
DMOML‘ .
gwu)(ua-u = (abeecd)(acebd)
ob+cd abecd
Eg%ormg_ﬁ.p_h_i:

$ at+b*=c* and A2+ B8*:=C?,

thaen 0.C, cB, bC and c A arcthe h-sﬂad
the sides of o cyclic quadnloterel ;

.9. 34Ut =52 ud T 424" = 281

qwe T5,120,100,3S, or 15,2¢,20, 7.
Rlso, $he diagonals are popendeiculor,



Fuwe 23&1&1’ solids (Book XIN)




Constructing a dodecahedron
from o cube
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Results from Book X1
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If an equilateral pentagon be inscribed in a circle, the square on the side of the peni-
agon 1s equal o the squares on the side of the hezagon and on that of the deco-
gon inscribed in the same circle.

ProrosiTion 16
e e ettt

5::; construct an_icosahedron and comprehend it in a sphere, like the aforesqsg
GJUTCS, @n 0 prove fha . -'i-d’ I a ; o o / .
il 4 e side of the tcosahedron is the irrational straight line
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Contic Sections

Menaechmus (44 centuy BC)
Apolloniuws (‘Conics’: 2s08¢)



Apolloniws’ Conics (1537)
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I‘E Three Classical Problems

e

1. Doubling the Cube

Given o cube, construct
onothar with twice thevolume,

2. Trisecting the Angle

Given any mslc., construct
two Lines thot duvide ik ko
three equal ports.

Guwen o circle, constrnuct @D
O SqQuare wikh the Samearea.,

—1—>



F {. e .-.u‘-'_l‘.‘ . 'ﬁ*ﬂ-.l‘ﬂ. 11 A _“. I’
¥ oo .‘. ‘. .' ‘. P
.vf*‘..&ﬂ"ﬂ“..‘“ i




Archimedes’ GzomknL

Centres of qravity:
triangle, hemisphere, paroliclogram
Volumes:

Sphere, porobolowd
Surfoce oreas:
cone, sphere

area. of parabolic seqment
- .':.;.,(wo;ma.,h.)

[quadroture of Hhe parabola)



The Value of 71

perimeter of unscribed 6-gon
< Curcumference of curcle
< perumdier of exscribed. b-qon

)

double the number of Sudes:
6, 12,24, 48, 96.

A rchumedes obbained the estunetes:

3L < T < 35

3.14080 3.146286
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The three regu_l_.c__r tilings
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Penrose tilings

LA ISRt Ik
LRSI
NS\ i S
SRS TR

O I A
RS
ERESSH
peetozetutos i imics Vs Ol

TN T0
& Eney
PRI IO L




\_ WA

PRINCIPAL ROUTES OF SCIENCE

INTO THE ARABIC=FRLAMIC WORLID.

Die HAUPTWEGE DER WISSENSCHAFTEN

IN DIE ARABISCH-ISLABISCHEWELT
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tbn al- Haitham (Alhazen) (965-1039)
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RLhozen's Problem




Euwclid’s Fifth Postulate

B

““
-
“ o
-
--‘-—----‘-"=

a+f < 180° = Llines meet

Bucih P eparallel
I 29: o .

M
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PRINCIPAL ROUTES OF SCIENCE

FrOM THE ARABIC=ISLAMIC WoORLD INTO EUROPE

Die HAUPTWEGE DER WISSENSCHAFTEN

AUS DER ARABISCH-1SLAMISCHEN WELT NacH Evropra




Cordoba and Seville
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dusert at sunset.

It is considerad one of the best pictures of the yeer. Look
clotaly tha camals are

tha |itHe white linez in tha picturs. The black you ses are just

tha shadow:®
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Duvrer on perspective d-mmg
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Robert Grosseteste (c.1168 -1253)

Ol bl o 11081 sicala'fe e s.

The usefulness of considenng lines,
ongles ond Figures is He greatest,
becouse & s Umpossible to understand
Nokursl philosophy wihouk these ...
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The aeofid of artes
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+ (area) = T (2F)(Wr) + L (rwr?)

S0 total orea = 3wr?

2 3% (ovee of cucle)










Poppus's Problem

B e .

Gwwen $our lines and four o.nslu,
find e Locus of all poits C

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

CD % CF = (const)x CBxCH

Answer : o CONLC



Concies

Equotion: yy = ssfx+yxx

or ""'-: A+ fx +Yx
Yncsstivc.:

ellipse

(D
o C
C

Y positwe
hyperbola
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Euwler’s Po‘-gkdmr\ Formula

Py,

(foces) + (vertices) = (edaqes) + 2

cube

6+8 = 12+42

dohﬁ&kt&mr\ :

12 + 20 =2 30+ 2

qreat rhombicosidodecahedvon

62+ 120 = 180+ 2

Letter from Euler to Goldbach, 1750
Proved bs Adnen-Mone Lﬁsu\&l'(,l'lq(}-
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Geo Mt‘.“:\’s of o Trwxsu.

orthocentre O

centrowd C

Curcumcentre M

uuuuu

Euwler Lune o2
(0€C =2¢M)




Constructing Polygo

Gouss: R reqular polygon with
n swdes con be construcked weth
Stroight-edge and. compasses
5 and °""'5 if n has the form.

b p )
N 2 1 »” ¥ Booe | 1 +1
d :"uams'&mcp
prines’
3, 4,8, 6, 8,10, 12, 15, 1,
V17, 20,24,30,32, 34, L0, 48,
>1, 60, 64,68, 80, 85, ¢,

\02, ..-,287, .-, 65837, -..




Gaspard Monge
(17466 - 1818)

represonking buildings

on o plane



Poncelet : projective transformation
4 |~

point &5 Line

p-lc.-’!
poi.n'ts Ll:\ma on Linaes
t ‘duality’
Lines p-.ssda& Hurw-ak po ks
Any twe pownts detorming o Line .
Pny twe Lines dekormine o pouct .
Mobius : pounts [a,b,e) (2[hahb ]
Limes ox4by+c2:0
duality: [o,b,c) ¢> ax+byscz2:0



Euclid’s Fifth Postulote

B e T

Nosir Eddin /N

(c.1250) ‘ eHﬁq-y#llO'
Budid T2 A [\  Euclidean

a+Bey >180°

(mpossible

ou}dry < 180°

4 -




Non - Euclidean Geomebry (c.1830)

iy gy Sy

Nikolai Lobochevskii
Toanos RBo Ly ol
(C.¥%. Gouss)

(Wolfgang Bolyai)

e The Msu Sum of ey ‘Enk.r\sl& < 180°.

¢ Gven angy Line L ond ony pouk p not on L,

thare are Uvfinibely mony Lines through p
poraliel ®o L,

*  RAny two sumilor flgures must be congruent.

N

L




Poucore’s non - Euclidean
gwmtvg




UWtter confuswon

e e T

1860s : Ruemann
Theve ave infinikely Mmony geometnies -
‘\W‘”ﬁ valid . Euclidean 3“”"'"*"3 s
only ene condidatke for the spoce tn
which we Lve,

1870s : ku;,',‘e,.hns”. pmsm;
A geometny consists of o seb of poik
with transformations ddhna on Hene .
We con chm% ald qeometnes :
eveny Qeometry is Contodned unside



Doavid Hilbert :

‘Foundokions of
Geometbny’

oxiometised Euclidean and
projective qeometry  (1349)

2nd. editwon (1903) axcomatised
non = € uclidesn sumdn.'




Euwclid's student:

Student : What advantage
sholl T qet by h.mu\s these

thiras ?
Ewclid (o his slowe):

Gwe him Hrespence -
for he must needs make profit
out of whet he Learns.




