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E_qg ption fractions

Unit fracktions :

b bbb
(reciprocals)
i=E E L
%(M&%) 3 € 52 iog

Rhind. papynis, Problom. 3!

A quantity, its 2, its L, and s L,

odded toqether, become 33,
Whak is the quantity’

L Solve: x + ?3-;:& + li-x--i- -_'Tx =33]

Solutwon: The total is

s RS i mMm
which multiplied by | % '; 5 Wakes 33.




Table of Fractions
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2/n, $or n=5,7,9,1,---,99,10)




Meso po‘hm Mathematics
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c Loy toblets — cunciform wriking
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Two thirds of 1 is 0;40.

Its half is 0;30.

The reciprocal of 2 is 0;30.
The reciprocal of 3 is 0;20.
The reciprocal of 4 is 0;15.
The reciprocal of 5 is 0;12.
The reciprocal of 6 is 0;10.
The reciprocal of 8 is 0;07 30.
The reciprocal of 9 is 0;06 40.
The reciprocal of 10 is 0;06.
The reciprocal of 12 is 0;05.
The reciprocal of 15 is 0;04.
The reciprocal of 16 is 0;03 45.
The reciprocal of 18 is 0;03 20.
The reciprocal of 20 is 0;03.

The reciprocal of 24 is 0;02 30.

The reciprocal of 25 is 0;02 24.

The reciprocal of 27 is 0;02 13 20.
The reciprocal of 30 is 0;02.

The reciprocal of 32 is 0;01 52 30.
The reciprocal of 36 is 0;01 40.

The reciprocal of 40 is 0;01 30.

The reciprocal of 45 is 0;01 20.

The reciprocal of 48 is 0;01 15.

The reciprocal of 50 is 0;01 12.

The reciprocal of 54 is 0;01 06 40.
The reciprocal of 1 00 is 0;01.

The reciprocal of 1 04 is 0;00 56 15.
The reciprocal of 1 21 is 0;00 44 26 40.
<lts half>
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Represent numbers geometrically ..
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b= 143 +5+9

Any square number
LS the sum of two
consecutive triangulor

humbers,







E e - 2

(afb un Lowest terms)

Then : 2 = .:'“_".I',so o= 2b
b* "

Se a'iseven and a s even

Llet ooz 2k, so at=4k® =202
Se b* =z 2k*,

So b* s even and b is even.

Se a and b are both dwisible blj}_.
CONTRADICTION

Se Vi comnot be wntten as /b
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2] rchumedes’ ‘Sand- reckone’

Count as for as yow con:
& myriad = 10,000

Use Hhis to go o the newt stage :
O mynad mynads = 100,000,000
Next qo to

(100,000,000)", (100,000,000)’...
wp to P = (100,000,000) """
Form poweus of P:

PY, B3, o, PN L Suither
Archimades reached the numbtr

\ followed by 80,000,000,000,000,000 zeros.




Much ade about zers

A

We wse numbers to count ﬂu‘.ss:

5 cows = buk not O cows or ~20 cows.
Eqyptians : grouping Sysbem |||nnn‘:\

Greeks : Stparate Symbols for
\.2,,9,10,20,~, 40,100,200, - -, 900

Mesopobomians @ place-value system bosed on 60
<< <) W2 41607
(LO%60)2+1 3 2401
WUse of context to determune quuas

(1) O asa place - holder :
305 diffuent from3S or 3 S, or 350.
(Later Muopotomine used € for o zer0)

(2) Oosonumber: 2-220 (cf 3-221)
(Much later = Tndia)
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Chinese and Indion Lounting

Tndia :ku.s R;kok“
(c.250 BC)

Nmbt-ﬁ l:vdcvi.bd on

pullars amound the I"“Sb"

Place -value systen based on 10.

C‘V:nl-‘t C-Omtu\s boovd.:

| 2 3 4S8 6 7 8 9
WM mumT wW T

or

- =sEEii2

Tndion number system Sumilow to this :

 place=value system based on 10
wsed only 1,2,3,--:,4 = oand evertually O.
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The '
sum. of cipher and nghkismssﬁm
of positwe ond nought, posi’;hi!u |
of tuwo cphers, cipher.
N .
“::-Mhhmhabhr beames positwe
positwe from ciphar |
is negabwe ;
» M - :
:‘: talun Srom ciphar i Mua%
N E;o:tt“oi Gpher and posm,
of two &1 ““n«sd:&n.,ismusk’t'
ciphers, it is cpher, ,
Positwe ov negetive divded by copher
. - N ' -
o $rockion with that os denomustor 3 (*
Ciphar i =
divided by posibwe ov negadwe is. _Q_o
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I&M&M

Two forms :
260 cLa.css : 13 months of 20days ,ﬂ:ﬂ@
365 doys : 13 months of 20daus




May an 'l‘.l:#hn.kup;u:s

L khin = | day
20 kins = | winal = 20 days
18 winals z | tunz 360 days
20 tuns = ) kotun = 7200 doys
20 hotuns = | bakbun = lu,ooouﬁ; ..

e o o o S L,%x2880000 = 11S20,000

6% 146,000z 864,000

&
© -
-
-

Ik ¥ 7200 = 100,00

P = 13%x360: 4680
e 3 IS ®x 20 = 300
¢ - le?t = |

Total: 12,439,781 days




Muhommod ibn Musa al-Khwartzmi
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-Avabic
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Brahmi Mumerals,
second century am

~23 892106 0

Gwalior mscriplion, a 870

Numerals

123w $5678 20

R¥ygyT9cce

I R

Gobar numerals, undaied
(West Arabic manuscript)

1119V 6s782

Codex Vigilanus, Spain, sl 976

Modern Hindu script (Nagari)

Modern East Arabic Mumerals

ITFaUPABTO

Apices, first halfl of eleventh
century Al (M3, Erlangen 87V)

12345 57 8%

23456 A 8 %0

[Durer, sixteenth century

Early printed numerals, 1474




Gerbert of Aurdlac (938-1003)

g

- 5| Pope Sylvester TI
i ‘QQQ’

Trodned in Cokalonio
Introduced Hindu-Avubic numerals
to Christian Euwvope
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Cempotug muuua'ﬂ.

S foylan nelelg quelittera tu dfiifie
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Compotus manualis ad usum Oxoniensium, 1520,




Fibonocct (Leonardo of Pise)

Liber abact (1202)

Book of squores

H indus - Arabic numerals




The $irst arithmetic book
_:u_: .E.!.‘Su“‘ (1537)

R

fozto letne to tecken twith the pén,oz twith
the counters accozdpng to the trewe caff

of Jlgojtlme.in hole numbers o inbzo-=
ken,netwlp coyrected. Ind certapne notas
bleand goodlp rules of falle pofitions <+
therebnto added,not befoze fene inoure
mﬁ%g: tonge.bp the which all manee

of Difftictle queftions map ealely be Duf:
folucd and affopled, Anno,isss, . -

S




The qrotd of artes
teachyng the woke and
ctife of Irithmetike,moch neceffaty .
fo2 all tates of men. Jeter amoze
calper # eractec {oate, thenany
Ivke hath bytherto ben et
fo2th : with dyuers netve
additions,as by the
table doth pactly

appeate. e
ROBERT RECORDE. -"-u. :




ADDITION.
Matter,

| .u g:taﬁcn pin this arte,is fo adle
but tipo fummes ar gnes togpther:
bo'to beit, pou mape adbbe mose,as ¥ bl tel
| ypouanone. therefoie hhenne pou toylle
adde tto fummes,pou (hall fpate (et botone
one of them, it foxceth not whiche, and then
| b'F‘lt diatb alpne crofie the other Ipnes.And
atteriwarde (ette doune the other fumme , o
Ehagtb;t IP"[; maype
¢ betibene them;: as
1€ you Wouide adbde il B
165910 8341, P0U' —9op c. '

mu (etpounr {Umes *

©
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Multiplication

8 x 7 = 56
3><3 (10-7)
T 2 (10-8)
(8=3)or(7-2)

I x2

ar
6




THIENDE

Leerende door onghehoorde lichric
allen rekeningen onderden Men(chen

noodich vallende, ﬁﬁrdigﬁcndmr
hecle ghetalen fonder ghebrokenen.

Be[chreven door S1MON STEVIN
van Brugghe .

ToT LEYDEN,

By Chriftoffel Plantijn.

M. D. LXXXYV.




CaLcha.thg Machines

tSchickherd

«—Pascal

{ Jletbniz
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9. Pascal’s Calculating

Machine, 1642. Engraving from Machines
approwvees par  Académic Rovale des Sciences, Vol. 3, Paris 1735







Descartes and Dimension

i

What s meant 53 x*s x?

How can we mulbiply lengths ?

e
C

D A
Toake a unit Line AB:
what s BD x BC ?
Draw ED porallel o AC :
BE/BD = BC/AB = BC,
so BDxBC = BE,




Descartes’ constructions

D
@H:x*‘
C
A B

The squore vook of AB is AD.

N

A C is the positwe root of

x* = ax + b




Some Numbers

Noturol numbers :
1, 1':3! b, sl“'

Inteqers:

oo, =2,=1,0,1,2,3,-

i

Rational numbers:

S/v, "y, =,

Real numbers :

Va, V7, N2+ 43,
w, ¢ -
Cow\.pux numbers :
V=1, 3441, --




Rotional numbers:

S/q , W5, =g, Tx=5
Real numbers :

A, i, hels,- X7
w, e,

Complex numbers :
V1, 3-4J=1,--- Xz~




Cardano's problem

Divide 10 nto two parts
whose product s 40O,
e

T$ the porks ore x and 10~-X,
e x(10=-%)z= 4O,
Cordono: X2 5+J=1S or S~ J~18

‘Neverthelass we wull opuscte, putking
oside the mardal tortures Uwolved.’

% (10-%) = (5 +y=15 ) (5=y=15)

= 25 ~-(=-15) = 4,0.




Georae Rivy: ‘T have not the
Smallest confidence in any result
which is essubially obtained by
the use of (maginany symbols.’

Auqustus De Morgan : ‘We have shown
the symbel V=1 4o be voud of
meaning, or rether self - contrmdictory
ond obsurd’



Co mplex Numbers

o+ by=1, or asbi , L*z~1,
A ddition
(2+3=1 )Y+ (4+5/=1)

T (24 L)+ (3+5W=1 = 64 8= ;
or: (2+43L)+(L+S.) = 6+8¢.

Multip Lcakion

(243351 ) % (4+50%)
= (2% 0) + (3% 4)J=5  (2x8) =1 +(3x5)(=1)
= (8-15) 4 (124100/=1 ==7+22/=1;

or: (2+3.)*(4+ScY=-T7+221.




W hat L._',‘._'E‘}_‘ ware v of L7

o T el T

T§ x*=( and xz asbi,
then (a4 bi) = (,

0 (a*=b*) + 2abi =,

Soe a'=b*:z0 and 2ab= I,
This has solubions azbz £/t

so x = £ L (144).
Vi




A Sexttiec E_o_lﬂn.omin.L

e

% =12%%+ bOx*-160x"+239x*-188x + 60
=0

= (e = bx+3)(x =bxsb)(x*-4x+5)
! d d
= (x-1){(%-3)*(x=-2)* » (x"-bx*S)

d v
S (=1 (%=3)(x~2)* % (x=2-0)(x=24(),

so x= 1,3, 2(twice) and 22 L.




Hoamilton ';:‘_PW mm

Defune complax numbers as paivs
o+ bt — (a,b)
which ove combined os $ollows:
Addikion
(a,b)+(c,d) = (aeg, bed)
[(asWi)(cedi) 2 (asc)+ (bed)i)
Mulbiplicoion
(a,b) * (¢,d) = (ac-bd, ad+bc)
[ (asbi)*(codi) 5 (ac-bd)+(adsbe)i]

Note thot (a,0) comvesponds to a (veal)
and (O,1) corvesponds ®o L,
ond (o,nl (o) =(";°J [;vt-:"']




Homilton tries triples

e T S Ty

Look ok : o+ biscy, L'z)t=-),
A dd.ikion
(asbiscy) + (deeisf))

2(asd) s (bee)i + (cef)y.

_ﬁ_ﬂ_u._l:ttp \.(co.‘bﬂov\_

(a+bisci)x(deeis+$))
= (od~be~cf)+ (aeebd)e
* (0f+cd)j + (bFsce) iy,
LJ=0: no,simee ({H) =*§? = 1.

'l.j: lor =1 : these don't work ecther ...




Every morning, on my coming down to
breakfast, your little brother William Edwin
and yourself used to ask me, ‘Well Papa,
can you multiply triples? Whereto | was
obliged to reply, with a shake of the head:
‘No, | can only add and subtract them’.




Hamilton takes a walk
g P g Sl N e

As | was walking with Lady Hamilfon to
Dublin, and came up to Brougham Bridge, |
then and there felt the galvanic circuit of
thought close; and the sparks which fell
from it were the fundamental equations

exactly as | have used them ever since.

| pulled out on the spot a pocket book
and made an entry ... it is fair to say that
this was because | felt a problem to have
been at that moment solved — an
intellectual want relieved which had
haunted me for at least fifteen years since.




Hoamilton's Quakernions

arbLecysdk, t*=)zk*=z=-):
Addition : v

Mutkiplicakion :

ek, gkel, hizy o
je==k, hjz-i, thz-j kQJ‘
More concisely:

Non ~ Commutatve systum
Paulti mobrices :

(L?)'( (ﬂo

[ k




Hamilton ot Brougham Bﬁig&

h.q‘u on




William Rowan Hamilton
.'JI:- c =

%

"

L
d
L
|
1
0
el
1
d
L
]
|
g |
i




Octonions

%+ Pl Yj 43§+i|:+'§|§+nv}+ag,

i 1"=3"=h“"'=°“-"

Addkion as before
Mu.Lt_LE' Weokon: s
nite =2 O ) 4&
L SRR
LN 2=-0
SION

my = -0, ete

Three systems @ wy:zyy (xy)z: %(yz)
Complexes : Commubative, assocrative
quebernins : not commutabine, assocative

Octonions : netctheyr




Bernavd
Rolzane

(nss-tsuﬁ)

NRein analfifdher
Beweis dDes Lebrfabes,

Bolzano's
1817 pamphlet

Bernard Bolganoe,

elipeiefiee, Docior ber Philofophie, 1. L. Drofeffor ber
Neligiondwiffonfdaft , und orbentligem Wirglieke bev L.
@«cfeljgaft ber Wiffenjdafien ju Prag.

e

Fiir bie

Prag. 1817,
gebrudt bel @ottiich Haafe

Tntermediate Value
Theovem H




The ‘number’ V2

" B e Py T

£lx) = x*=-2

on Hhe unterval

o,21
- A 2
?
f$(0)= -2
$§(2y= 2
-2,

x*= 2 2 O,




ekivasle ond Irretionals

'3“'- = 078
'/3 8 0-333% -
2/ =
Add :

“s/ﬂt = 1-3690476190476190 --.

0:-28571428571428--
" bl N ANl

OF recurring decumal , and. eveny
§inike or recurring decimal can be
“ﬂ.u‘“ oS o F ‘- "

Xz 022424

} MNQx: 24,
1002 = 24 242424 - soxz26 . 8

9 33




'Dg-}u\.u\.s V‘LG.L Wbm
Defune o real number as on
unfindte decomal = For exomple:

Vi = Vi p213---

v = 31415926
Problem: how do we prove that

Vi » Jz = 2 ?




Rechovd
Dedehund
(1831-1916)

(184S-1918)




Dedekind cuts

1858,1872: Dedehind ad : definition
of o veal Nauumber

Bosic (dea: the real Line and the
rokwonels differ - tha Latter hag
qeps (cq. ot V2, T, )

Aum: FOA the gaps with numbers

Dedakind : each qap s o number

It is defuned by ol rationals Lesc thanit,

ond qresher thae & :

Vi,
1
all roXionals all rationals
Less thom V2 qreater than V2
[ic. alb rationals with square < /> 2]




