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~~~ . INTRODUCTION
 

~~k~
 
. ~~~if~ ltumerral syatems a:re otten 

. ~~l;:& . 
• tudle . ~~~Or:'1 or thematica • 

Ic 

~ 

t t various n' 1:'al
 

.yet
 

Seldo' 

to etu their orlA:ln, 

forw the intrlcacies ot 

o~ca8lonally wonder how 
CO' tlbilh­
n 7[J1TJ21IIeU-bt . jUllt bow stan rdtze4
 
,r l(ltrlsas ~hlt~ 

Stille 1'. (.1[i!Jr.rt .od. of t • 
" 1i:41 ellcb.e~ flr'l
fPlJ3lp.<-. . Pol"ill, l( S CoIl ~ 'Si'IJ3lp.<-. It.Qs ege

~J3lp.~~~<-. ~s !! Eroblaw. Ttle objective or tM. 
'lPU>fi?Jsp{~ 

Btudy 1. to t--' ~~J31J31p.<-. . t historical backa.round of' the 
'Si'IJ31~ 

Dumeral. for retl-onal 11...._ ~er8, wit emonssI8 on the y
 

variations throuah years, and without consIder! their
 

use In comcutatlon.
 

1.3. PUrpose. The purpose of thls thesle 18 to
 

rovlde a b811dbook snowln
 t of tbe hl~hliRbt. in 

the world-wide evolution of numeral system.. 

8 1s to ap ot 

concept inflnite in scope. tbor will, t tore. 11:m1t 

discussions to the n rals for rat! 1 numbere, explicitly, 

the non-ne~atlve lnt ra and t II actlone ft 
• In v.lew ot 

1.4. Scope. To 
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tne t t vol 11' 

o 

development in speclfic
---"a~8 tbroughout~~. ~.~~~t:t/'$1tlf~t!'JtIfi~ rId 

can De pr 

11' 

1.$, tarisl tor t hI. 

theal. 1. ue books and g 

azlnes. , If'lorl Cajorl's 

'olume I ot ! Hlstory: £!. 
Notat ton ~llia1l1Slllentl1hite '1libram ne Smith'.Mathemst " ~ ~~ 

~ 2! ElementarY 
..... Slare Te·""e" College 1D " sectiQJPoI1a, 1(a08118o:..,. . ,ak g 

of The-'_._~~~~Ji.lJi.I'i 'J:eb"'.__ lal value. 
v~~ t . f Into~~__ 08.~ ncea 0dlffere In the 

tioDa, th r usuall und the theori 

of Oajo1"l and ith mo t 1n Ilar-eem v , 
the riatloDI in the orf 8 times necessit a 

lengthY di.oussion In ord to i rnor ore an one of 

the n1' vi Ints In the t i8. 

1.6. OrganIzation ot the theele. The or~anlzation or 
. 

the thesis 1. deai~ed to enable the reader .to trace sepa­

ratel7 the development of numera18 tor inte~er. and or 

ral. for fractlon•• Chapter II pre8entl the development 

of the numerals for Inte~era, beginning wIth the earliest 

known examDles of them, then traclDR the Hindu-ArabIc 
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~~~~~~~o 

FO INTEGERS~~~\s~'V~'Vi'-

he co t of number a.nd the 

lon. f, the t otJ. 

Itivert 1:9' nil" 

Ion ~=~	 ~" ; of reco~nlzlna more or lee• 
.~'t\\\~

obj~	 rt~~\tt~~ fIrst began to use numbers,
.' ~\\t\\"U.W i\ (.o\\eJ/,e . 

tbeY ~\\\\\\'" 'Seac,\l.e~ ting wlth tbem.eountl~. 
i\ s\a\e \'..~~l\\lil ° ~ 

10' ~~i\\\ f,J1l.\",~ll<l -riF\.*~~Y#. .one oorrespon.dence,° 

•	 0 0, ~*\ttr-
countln -riF\.*-~ _	 Perhaps° .... \'"ed gradually wIth l!Ioclety. 

o~~"W-
the ear~Y#. ......nnel' ot keepl~ Dount was to use a tally or 

pebbles, .tiaka, scrat on dirt, notches on wood, or knotl 

In 8tring. More extensive counts necessItated l!Iystemlzl 

the countl~ procees, u8ually by arran~lna the numbers into 

convenIent basIc groups. As we have rive fingers on eacb 

hand" 80me people began, atter several centuries, to count Dy 

ftves: then theY used the f1n2erl!l of both hands and counted 

bY ten•• Tbese, of couree, were not the only pr~ltlv8 

number bailee. Otber men tound it more convenient to use 

oT two, three, tour, 81x, OP other namber. 

.2. Vocal numerall,. Later,an al80rtment of vocal 

BoundB developed ·a8 a numerical tall)". lfumbe r name 8 are 

believed to be among the first worda u••d when people began 



5 
to talk.-1 .' ~ ~t;iv,,~~~~ • develoned .low} nd were,t¥"'fA~"f)tJ.f4~~· . . . 
".,s;'" U :r tnem aro••• In the 

n~, dlss 1aI' sounds w usedel 

t object.. The etractlonotfOl 

esented by a Bound aone1d­the 

;e soclatlon, val probablyered 

alan ~,,\tt1l\\)~a~~ 
~\\\\a'")!.\\t\\ eac,heT!'> co\\e\;e 

'0 ch .ore ti atter
s\a\e l' llI! 

~a1\!'>ail Till, ~a1).!! . '~ 
people £~~~ ~~~~~~~~ lefore they used 81~ns for 

them. PI . '. Y;FS..~~¢~ _we expressIon ot n ers by varioul 
;~'1~~~ 

poeltlon~- _ Gne fingers and hands, were u at one tl " 
idence or the prevalence ot these fin"er bo1iam. 1s 

al.ortment ot written symbol. to set down a tally for 

p nent r rds, tne Innl ot Itten n all. While 

Ith and Jekuth101 GInlburg, Number. and 
ton, D.C.. 'Tl1e National Council ot ­

tics, 1956), P. b. . 

d Eves, ~ IntroductIon to 1h! Historl ot 
ew York: RInehart and COmDany, Ino., l~a), 

3 Florian c.tIcs 
(New York: The Haem! 
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~~~~fffi.fl!l1il~.~f]IJ 

Is ori t t tl of 

r onJect • 1 

h~onolo"ical reports 

~AL 

\\~\\\tti..\\lt\\t~ '0 B.C•• the tical :record. 
~'\\~~'"CZ\.\\( co\\e~e

exi \ 'UW\\\ 'teache~B .d I1J ral s'yst These• 
S\1\\e 

~ llBllB ltallllall
will a f,¢VOria. .': :rm.~~~\g orders Babylonia.u, 

. Y;FS.Y;5\~~~t . Y;FS.Y;FS.r~~~~ _~.v, Greek, Gothic, Roman, Aztec, 
;. '.~~~~~ 

Maya, ~~ __ 00 and Japanese, Early Hindu, and Jarl,. Arabic. 

2.4. Babylonian. The Sumeriane probably invent,ed the 

cuneIform sJtl1bo'le y , ( and Y>- , whicb. stand for one,I 

ten, and one hundred~ respectively, in Babylonian notatlon.5 

Early SWDBrlan clay tablets also contain tbe circle, 0, for 

t and circle, D• for one. Both ts of n I 

were de with a etylus, t to witb the Dolnted end, the 

lett with the blunt circular end. r1 numerals 

we~ then DasBed on to the Babylonians a. they took over 

power In opotamla. 

4 ea, loc. cit.


5 Cajorl, 22- ~., p. 6.
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tt<'fJ.f;;J.'fJ."ft;~fW.f;;J.f;;J.~
 

. 

ation commonly loyed two principles, 

tive, an lImited use or the 

n. Follow the first principleJ 

• Delow t 
_"'; t'~,,\\\tat~ wo hUDd""

1.1 numeral in front or a~\\\a\\\<;!\\t\\'1lJli,,\t \ of d were to be 

'te&chel'i'l co\\e{;e t the two were to be multiplIed 
\l..1l1l1'Jt'i'l S\ll\e£.~~Ti"" ~apl\aI\ 1Icatlve .principle. the n~eral 

' . ~'i'J.'i'J.'i'J.'i'J.~~._ d. Further, ( represented~. . .. ' C""..o"" '1.~ 

_.....and N 181'28 aa a million hav 
found 1 • 0 numbere ..
 

D this notation.6
 8 apparently had an IdeG­

_ 

or lIubtraction. Using 

thi. , re 

gram, nalat as ~, 

V1a the princIple of sub­

traction. or example, ( y >y rep entees nineteen. The «( 
to the lett si~lfied twenty, t 'Y one and ~'Y minus. To 

avoid confusion. 80me early Babylonian document. contained 

symbols for 1, 60, 3600, 216000, and also for 10, 600. and 

3600J nevertheles8, number. we ulually 8XDreBsed usi the 

"principle ot posItIon" In the 8exagusimal or Derhao8 decImal 

IYltem.7 The eexages1mal .Y8tc~, the principle ot 

pOlltion, evolved sometime betw n 3000 and 2000 B.C. It vae 

really a mixed I , aa numbers le.8 than .8ixty were 

6 IbId

7 F10ri 
(ChIcago: The 0 

ion8 
~. 



ODe olt., P.......... 

followln~ tran8lated Ideo 

posltlonal prlnclp~v. 

.ymbol for zero; 

8mbol. 

,ymnolll 

absence of unIts 

In a 

the secon~ 

wrltt 

num.ber8~ 

that the ancient 

number 

not used 1n cOID,Dutatlons. 9 

about 200 B.C. 

.2£• .£!l., P. 

1 oup! ba 

ccora!1. to tne 

se or DLace value as we know it today reauires a 

however, BabylonIB.1'.18 apparentl,. had no such 

In aome ca8e8, a horlzontal 11ne val drawn atter 

l.n	 tbe oexaf;8e1mal syotem# apparently Inc!lcatlIlJZ: the 

ot lower deDo~nator, but this was not done 

manner to indloate the number of p~aces included. About 

centar~ B.C•• the Iymbol ~ was \lead to desl£nate 

the abs.nce or a number in astronomical data, altbou~b It va. 

Anot 01 tor zero u8ed 

va_ the ~ .10 There 11 parentI,. no evIdence 

bvlonlan8 at any tl r r zero 88 a 

~,. It.elt lch could ent lnt UB~K~ionB wIth other 

In addition to k!! for minus, the BabvlonIan8 used the 

1n wrlt! I. I~l ...Q.!!, 

It ~. clt., • 15. 
.~_~~~~y.w~~ A~~V~V.~~U~9 08jo1'l, A ------4

7. ­

10 Cajor!, j
 -----J	 tiCI, 
10. 



2.5. Egyptian. Four forme of characters, the 

hiero~lyphic, hieratIc, demottc, and coptio, and varioue 

baa.a, five, ten, twelve, twenty, and sixty, were uaed in 

tlan numeral ayateme. 12 Hieroglyphioa, the olde.t 

numerala, date back to about 3300 B.C. were ohiseled on 

monumenta of atone, wood, tal. The hlerofl:lyphio char­

aotere written both trom riaht to lett and trom left to 

ria:ht. 13 rlier hleroa:1YDhice w orten written t the 

11 Cajori, ! History £! Mathematical Notationa, 
~. ~., P. 11. 

12 Ibid.-
13 David Smith, Uieto ~ Mathematic. (Boeton; Ginn 

and Compan7, 192$), II, p. ' • 
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top c!own. 14 When the reed-pen came into use, more ro~ded 

torms knOlm as bleratic numerals evolved and were used 1 

.1 lD1Portant anoient E~Dt1B.n mathematical documents wrIt. 

ten on papyros. Hieratic writing usually proceeded trom 

i'>lp:ht to left, with occaslonal early numeral. runnIn~ t'ro: 

tbe top down.1S A more abbreviated form or cursive writIng, 

the demotic, evolved about the eighth oentury B.C., and vas 

used to the be"innin~ of the Ohristian Era. 16 After the 

demotic forma oame into ~enerBl USG, the hieratic vas 

reserved for reliaioua purposes .17 The Egyptian Coptic 

.numeral., 4erived from the demotic and Greek writing,were 

U$e~ by Christian. in Egypt sEteI' the third century B.C., and 

were late~ adopted by the Mohammedans atter their conquest ot 

pt.18 

The Egyptian. used tbe princlples ot addltlonand 

_ltiolication In vrltina numbers. The oldest principle, the 

additIve, was applied by placin" not more than tour .ymhola 

or the Bame kind in one Q:l'OUl). In 08se or two uneaual 

14 Ibid •• 6• • 
15 ~., • 41. 

of l"Uil,tUemBv;&.Cti.L __ ...... _ ........
16 Cajorl, ,
loc. ~. 

17 q_4~h, loc. !li. 

18 C&Jorl, ! Hi ne, 
.22,- £!le; p. 11. 
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, the larger appoared before or above tne 4mBller; tor 
111\ 

19examoJ.e,saven wa.1!I wrItten III • In the multiplIcative 

, Rulob came 1nto use about 2000 to 1600 B.C•• a 

ler unit written before th-
of a larger unit desIgnated multIplication ot tn. 

lar~&r by the sma11er. 2O 

llowlng are h!erogl1Phic~jymbol. arid their mod 

Indu-Arablc equivalent.: 

1 10 100 1000 

n fl e ! 
10,000 100,000 1,000,000 10,000,000 

1 ~ ~ n 

e to the fact that numbers were wrltten either from rlRn 

to lett Or rrom lett to right, a numeral orten faced differ­

ent direotion. than shown above~21 Further, the numerals 

~or one and ten sometimes occurred in a horizontal position. 

he bieroglyphic symbols were taken from common 

object. which 1n IQme way suggested the idea to be conveyed. 

For instance, th. symbol for one reDresented a vertical 

19 Ibid., • 13. -
20 Ibid., p. 14.-
21 itb, .2.2.. cit •• p. 6. 
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ataff; for one bundre~, a tadpole; for one thousand, a lotul 

plant, tor ten thouland, olntln~ flnger, for one hundred 

thousand, a burbot bird; and for one mIllion, a 1.11 aston­

11 t. or o a thora, a D1cture of the 

co.DUe deity In older blero~lypbs, 10, plants were• 

rouped 8S It own on one bush. For example, two thousand 

va. deal ted as ~J a.ven thousand aa ~}1f • Later, 

this chanQ'Ad to 8lmDly placin lotus plants together without 

the earanee ot aprl t e and the same buab. 2)
 

The tollowl:n 1. a compa1"le ot hieratlc s1 8 to
 

adem Hindu-Arable 1"8111 211
 

1 2 3 4 5 6 7 
4­ --z.If U) Ul/ 1 ~ 

8 9 10 20 30 40 50 
/" ..........,


--, ~ ~ A ~ - \ 

60 70 80 90 100 200 1000 
.JJh;j, '/( ~ --.. ~ ~ ) 

Since there are m.ore hleratlc symbol. than blerosrlyphl0, num­

ber. could be w1"ltten more concleely with hieratIc numerals. 

22 C_jo1"1, A ~.to r ......""_.,.""'..~v ..... ~~ tatlon., 
,22- cit., P. 12.- ~ 

23 IbId., P. 1.... -
~, 

~ Ibid., p. 12.-
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13 

xt, demotlc numerall are compared toourrent 

Hlndu-Arablc equlvalent •• 25 

1 2 3 4 5 6 1 
r 

~ \0 Y' 7 ~ ""f1 

a 9 10 20 30 40 50 

1.- 7\ J ;..~ '- "\ 

60 70 80 90 100 200 1000 ,

:z J :? !> / J;,

~ 

FlnallY, coptic n ala are compared to current 

Hlndu-Arablc numerale. 26 

1 2 3 4 5 6 7 
j ~ Z'l Er er- ~ 

a 9 10 20 30 40 50 
-

.H \J ' s -
K' -7\ 

-
.u Jf 

60 70 80 90 

l 1) H 9 

25 ~.
 

26 Ibld., p. 17.
-
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2.6. Phoenioian. Phoenician Inlcrlptlona date bac 

aeveral centu~les tore Christ. The Phoenicians used the 

re.peotlve number ot vertical strokes to repreeent the num­

berB one through nine and a horizontal bar to represent ten. 

The juxtaposition ot a ho~lsontal r rarthest to the right 

plus the required number of ve~tlcal strokes represented the 

numbel's eleven tb.:rouaB nineteen.' Twenty was represented in 

various ways, includ1Ilg 1\ • H • or simpl,. by two horizontal 

or inolined parallel strokes, one hundred was designated by 

I .( I or J > J 27• 
The se are ex, le8 of Phoenician n rala and their 

current Hindu-Arable equivalents: 

1 2 3 4 5 6 7 

II III 111/ 1/ II' 111/11 111111/ 

8 9 10 11 12 13 14 
///11111 111/1/11/ I- I/- 1/1- "1/­

15 16 17 18 19 20 100 

/11/1- J/I/I/- /1/111/ - 1/1111/1- //1111111- A 1<- r 

Somewhat alm1lar to Phoenioian numerals were tho.e 

found in Palmyra. One variation below one hundred 18 the use 

27 Ibid., p. 18.-
• 
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and 80 on.

ot r-

vertical ., 

throuRh toUI'. 

A.D. were 

letters or the S 

throuQh nlne, 

f"or flV8; w n a1 1"0 atgr--ced wit tlUnd .. 

e Dlsce o e tor t • ymbol for ten 

ltlpllcatlon or ten ten for one h~ndred; two 

vertical strokes Indicated tvo h~DdredJ three. three hundred; 

28 The preceding numerals tor one, two, and three 

bundred would appear as - I , -1\ , and -III , reapectivel,.. 

Syrian numera18 of the sixth and seventh centuri6S 

related to Phoenician numerals. The twenty-two 

a1 et presen'ted the DUmber. one 

ten through ninety, and t hundred. one 

ive hundr throuah nIne hundred WAS IndI­

ted eIther bY j~~aposltlon; 500 = 400 + 100, 600 = 400 

+ 200••••• 900 = 400 + 400 + 100, or by placina a dot over 

the letters for fifty through ninety. Tnoulanda, ten tnou. 

sand. and millions were IndIcated by modl the letters 

tor unita and tens. A Itroke exed as a SUbscript on th 

letters tor unite slanlfied thousanda, two strokes annezed in 

the same nner signified 11110na. A 8mall dash below the 

letter tor unit. and tens e seed ten thousandl. 29 

28 Ibid.-
29 Ibid., p. 19.-
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ian numora18 are compared to ourrent HIndu.Arable 

counterparto in the following tablel}O 

1 2 3 4 5 6 1 
~V IJ I ptJ ~ ~ 

9 10 .. 11 12 15 1 .,

tJ~ jJ~ 7 ~ -) I.J 1---] 

20 30 100 

0 70 ~I 

2,7. Hebrew. be earliest use of an entire alphabet 

for reprollenti e been attributed to the Hebrew•• 

Three to of cha~8cters, the S ritan, Hebrew, and 

Rabbinic or curaive, and the decimal Boale de81~ated Hebrew 

Dumbers up to four hundred.31 8 hundreds trom fIve hun­

dred throu~h eight hundred were at first represented by 

juxtaposition or the a1 for rour hundred and a aecODd a1 

for one hUl1dred throu2b three h red. Later, end fo or 
the tive Hebrew letters representing twenty, forty, firty, 

e12hty, and ninety were u to rccreeent five hundred 

t tlrou2h nIne bun d. wo dots no over eBch letter 

Inoreased ita vol a thou.and fold and, thUll, nwnbers to 

30 IbId.-

31 Ibid.-
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a mIll w repreaented. 32 In Ition•. the be~dnn1na of 

an lm.l>er!'ect llcation of place lue appears in Hebrew 

notation. As at old notations, Hebrew numerals were 

written t right to lett, vitb the numeral of h at value 

wrItten on the ri2ht. It, ho r, any symbol of unit. was 

placed to the rlght of a symbol for tens;. it nt thousand., 

and a aimi1 interpretation held tor other signa. Thus, in 

certatn oaaes, numbers could be written wIthout the use ot 

dot •• 

The tollovlnR represent Hebrew numerals and current 

Hindu-Arabic equivalent.,33 

1 2 .3 4 5 6 7 

K" ~ .:l j IT ~ 1 

8 9 10 20 30 40 50 
lj lj :J '-; t~ )'" 

60 70 60 90 100 200 300 

)":1D Y £ !:t I tV 

00 500 600 700 800 900 1000 
ij tJ 'l ,'('7 J ~ .r
 

32 Ibid.-
33 tb, ,22. clt., • 53. 
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2.8. Greek. rodlanle IlAne, named afte~ a Byt;antlne 

~amma~lan of 200 A.D. who desc~tbed them, were the old.at 

strictly Greek numeral.. Generally called Attlc numerals, 

a110 called the acroDbonlc IYltem,3q these lnttlal letters of 

nWle~a1 ad3ectlYee we,re used as ea,rl,.. ae 600 B.O. and 

included the to110winR symbols, as co~~ared to current 

.35Htndu-Arabtc to • 

1 5 10 100 1,000 10,000 

I r fj. H x fV\ 

Combinatlons of the symbol ror five with the symbols tor ten, 

one hundred, and one thousand represented flfty, five hun­

dred, and ttve thouland. rom about h70 to 350 B.C., this 

Iylt compet with a sy.t based on alDhabetlc n rals, 

the Ionl0. The Greekl tlna11y adopted the latter, whIch used 

the twenty-tour letters ot the Greek alphabet plul three 

antique letters to ~epre.ent numbers below one thoueand. or 
the twenty-.even letters, the first nIne ~ep~e8ented the 

rirlt Dine numbers; the aeeond nlne represented multiples or 

ten; and t thlrd nIne reDresented ltlples of one humdred. 

Further, the tlrst nIne letters wrItten wlth a .troke 

34 Ibid., p. 47e-
35 Ibid., p. 50. Cf. Cajorl, A Ht.t0rl 2! 

uG. ........__
t 1eir"llotat10ns. 00,. clt., P. ~2.-
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indicated multlplee of ~ne thou8an~. Greeks otten placed a 

rk (/ or ,) by or a bar over each letter to show that it 

stood for a number.36 In the MIddle A~ea, a ~ra1 

occasional1,. written .a It lying on It., slde.37 

rly Greek Ionlc numerals are compared-to prelent.day 

Indu-Arablc numerals In the following table. 38 

1 2 3 4 5 6 1 8 9 

A B r ~ E t l H e 

10 20 .30 40 50 '60 10 80 90 
-	 gI( 1\ M N - 0 n 

100 200 300 400 500 600 700 800 900 

P L T Y <l> X "- .n. '\ 

Tbe c8Dltal lettere w fIrst used tor raIl, with 

the Imall letters being 8ubstltated much later. The tollow­

ing comparison wlth modern Blndu.Arabic nwmerala will 

Il1u8t~ate the system with the small letters.J9 

)6 Smith and Ginsburg, ~. cIt., p. 12. Smith,
22.	 cit., p. 52. ­

... ­ th, 10c. cIt.

Smith. and GInsburg, 12.£. ill. 

clt., p. 14. Of. Cajori, ! K18torz of 
tiona,	 ~. cit., p. 25.
~. 
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1 2 :3 4" 5 6 7 
a.. 8 r ~ ~ ") f:)< J 

10 20 )0 40 So 60 70 80 90 

L J( ~ v 0 1T rI' 'f 

100 200 300 400 500 600 700 800 900 

P (j' I V' ep X ~ w j 

A nume~a1 8ystem based on t additive principle 

developed on the lsland ot Orete 8S sa!'"l}" a. 1500 B.O. under 

ptlan influence. .pa.rison 8ymnols with current 

oHindu-Arabic numerals 18 aa foll 

1 S 10 100 1000 

I 111/1 " o 
or or or or 

) »)))) ",/ ¢­
Or ~r 

II "' 0 

40 08jo1"1, ! - ..~Y~J 
on. ctt •• P. 21.-
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2.9. Ooth!!!._ Another I.t of alphabetic Dumerall, tor 

the most part ot GHek origin, were used by the Gotha. Thelr 

comparilon to current Hindu-ArabIc numeral. followa. q1 

1 2 3 4 5 6 7 a 9 

A 1/ r ~ €. u. z h. ep 

10 20 30 40 50 60 70 80 90 

rf I< i\ J'1 N e- n {1 4 

100 2-00 )00 ltoo 500 600 700 800 900 

~ S T '( F X 0 Jl. l' 

2.10. Roman. The orig1n of the Roman numeral Iylt 

11 lomewhat uncertain. The Etrulcan., o mled Rome until 

500 B.C., used numerall whIcn res led theIr alDhabet and 

the numerals uled late~ by the Romani, but the Homan. GeYer 

u.ed luocellive letters ot their alphabet al numeral••42 The 

we11-kDown symbol. are included in the tollowing comparison. 

darn Hindu-Arabic 1 10 50 100 

Roman I X L C 

Roman numeral. 28nerall, represent s·bl nl o£ the 

41 Sm1th and Ginsburg, .2£. ill., p. 1.... 

~2 Cajor!, ! Hlstor~ £!Hathematical Notationa, 
on. cit., p. 30.
~j-
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additive principle,. The rule "that a 11e r numeral Dls,ced 

to the lett Of a lsraer 11 ,be subtracted from the latter" 

was rarely uee the old ••43 • tev caaee ot IX 

appear in the middle ot the Eifteenth century; it was an even 

later date bet t 8untractiQn principle wa. commonly 

\18ed. As the R d relatIvely little need ro~ writing'. 
large numbers, t dev.loDed no ~eneral IY8tem ot numeral. 

tor t .. 44 or one thou' , the R • had '9'ar10us • 

00bolJl t M • • and CI J. The s 1 CIJ (a ofte enclosed 1n 

apostrophOS), dating to perhaps 500 A.D" waa not widely used 
" 

before the Middle Ages. The number of apoatrophol and pro~ep 

placement vas a times used nt other n ra. 

Roman numeral, tor large numbers were often written •• in th. 

table which rolloW8:45 

Hindu-Arabic 

Roman 

500 

IJ 

5,000 

IJJ 

In 

Iv 

10.000 

CClJJ 

~ 

~ 

,0 000. , 
I JJ'J 

100,000 

eeelJJ] 

(1/ 

J, 

JJJ ell J;) ~ 

A 

L, 
4 
II III 

. 
W 
@ 

43 -' , Ibid., P. 31. 

44 Smith, £!£. ~,!t' p. 6v. 

45~. Cf. C8,jori, ! .Hlstory .2!. Mathematical 
otation., ,2R. ill,., p. 32. 
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eated'Somet the Dreced e 

ot times to reD~esent 1 nwnborl. 46 '] thounatld-fol. 

in BO lust by a hort ­value or a number w 

sonta1 l1ne placed above it. Lines placed on the top and 

slde. Indlcated hundred tbousandl.47 CQDrullon fp.quently 

l~sulted trom tbil practice, al R ns cODlDonly placed a batt 

over a er to dl.t1n~ul.b it rro a word.48 
Tn. Roman numeral. beld a command~ place long arter 

Hindu-Arabic numeral. became ~enerally known. A Florence 

banking nouse uled Roman numeral. in writing small euma ot 

ney in aocount book. a. late 8. the fourteenth centurr.49 

2.11. Azteo. An illustratIon ot North America_n 

Indian numerals 1s Riven by the .ztec system. Tbe Aztec 

Indians, with a system based on twenty, used the dot to mark 

unit. up to ten, which was represented by a lOBeng6. A tla 

presented twenty a_Dd wa. repeated up to .rive t1me. In 

Dumeral-I. Part. or a feather represented the number. 0 

UDdred, two nundred. tbree hundred, and tour bundred, with 

~6 ~mith, loc. cit.
 

47 Cajori, A H18,ton ~ Mathematical Rotationa,
 
g£. cit •• p. 32. 

48 8mtb, .!E.s.. ~. 

49 Cajorl, ! HistorY ~ Mathematical Notationa, 
~' s!!., P. 34. 
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one qu r of t featber barbs equIvalent to one hundred, 

balt two hundred. t -tour three hundred, and all 

to tour hundr A pur•• represented el~ht thousand. .A• 
chart of the .ymbal., to Dr8eent-d Indu-Arablc 

numerale, follow••50 

1 10 20 100 200 

o lP A ~ 

300 400 8000

~ ~ • 
The addItive prInciple and the juxtaooeltlon ot aymbol. 

enabled Aztec. to reprelent bere. A. va. common 

.mo orth rlcan Indian tri , the Aztecs had no symbol 

tor sero, not did the,. use the inciple ot plaoe value.51 

2.12. Man_ The Maya of Central America and Soutnern 

Mexico ditfered trom other American Indian tribes in their 

uee ot 8 remarkable n'umber .Y'.tem and chronologY', apparently 

trom about tbe beginning or the Christian Era. Their numeral 

Iyetem dlecloeed a .ymbol for aero tive or 8ix centuries 

50 Ibid., p. 41.-
51 Ibid.-
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52
 . before the Hindus develop t 0. In addition, a 

numeral. showed apDl!catlon or t rinc1ple or place value. 

Tb stem was, wIth the e ptlon ot one etep, 

viaes! • Twenty unita, !!B!, one ulnal (20 days); 

.eiahteen ulnals, one ~ (36 ye); twenty tuns made ODe-
Katun (1200 d ); twent tuns e 0 oycle (144,000-

deya); and tinally, twent cycles maCle one £'6_ ...... cycle 

(2,880,000 daya).53 One lanation ror t discr.ep CJ' in 

the tun 1s the ract that the orficial a ar conalst or-

360 daya. 54 · 

A a 01 res 11 a It-clol eye @,55 or 

~ ,56 I"A n roe 111 fl}nt tb numbers one tnrou nine­

teen r relsed b ota (0 unIt) d bar. (fIve unital. 

Larl were written vertically, be~innIn2 wi ttle 

lovest ord 1n the lowest pos1tion. 

52 Florian Cajori! A H18tobi ~ Mathematic. (Hew York: 
'Phe 111an COmDaDY, 1~9j), P.. 

53~. Cf. Oajori, A R1.torl ~ Math~metlcal 
otationa, ~. cit., p. 43. 

54 ball, ~• .2!l•• P. 15. 

55 ~. 

56 1th, .Q£. ill., . 4~. 
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following 1s a oomparison or 11aya numerals and their 

cUI-rent H1ndu-Arablc counterparts.57 

1 2 3 4 5 6 7 8 9 10 

.- .. -

11 12 13 lij 15 16 17 18 19 20 

- .. - - - == 
.. , 

~ 
~ 

Vertical and horizontal rods made up the Chinese 

aclentltl0 numeral•• The number. one through nlne w 

represented as in tbe following comparlaoD with moa 

Hindu-Arabic numerals: 

1 2 3 4 
II 1/1 JIll 

5 
1/1 II 

6 

T 

7 

If" 

8 

1fT 

9 

-mr 

57 Eves, ££. ~•• p. 16. 



ltlp11catlv$ 81.te~ written vertically_ The baae, ten, bad 

bol. tor ten, one hundred, and one thousand, tn addItion 

to the sYmbola tor one tbrou~b nine, fbeY are now comoared 

to the current Hindu-Arabic numerala. 60 

1 2 3 4 5 6 . 
-- t:"-C) ~ 1l-

1 6 9 10 100 1000 

t n tt t f) -f 

• Oajori, A Hi.torl of 
00. cit., p. 44. - ­.........
 

59 ­, .2£. ill., P. 24. Cf. 1't .... , • cIt., P. 42. 

60 Rves, ~. £!l., p. 13. 
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To indicate the numbe~ ot tens, rea., or thousands 1n 

lar2e n' ers, the D ral. tor units were followed by t 

numeral for ten, a hundred, or a thousand. For instance. 

1653 would be written (top to bottom) tf-Jrl1b---f~ • 
Another numeral sTstem used by Chinese merchant. wrote 

the numbere one through ten a. followB. 6l 

.J- --L 
- \ II ( I ) J..- Y 1 -.L - x + 

In addition, a circle was used for sero • There were a180 

•pecla1 eymbols tor one hundred, one thousand, and ten 

thousanc!. Those were ?::) , 1 , and 1i , J:leBpect1\tely. 62 

Knowle of the anoient torm. iob tbJ numeral, 0 

is limited, bowever, variations ueed by Ch'in Kia-sbao (1241) 

of <6 tor flve and X or ~ for nine are known. 63 

lapane.8 cursive numerale, quite • lar to Chinese 

numerale, are aa tollows 1n tbe co rIson to their modero 

Hindu~Arabic countervartet 64 

61 
th, .2.2..' ~., !-'. o. 

62 Cajorl, A HistorY ~ Mathematical otations, 
~. cit .• , p. 45.-

6,3 Smitb, ~. ill.. 
64 Cajorl, ! HistorY .2! Mathematicsl Notations, 

!2.2.. cit.-
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1 2 3 4 5 6 
----> =:. ......, "i) ~ ~ 

7 8 9 10 100 1000 

t. ~ n i It:> ~ 

2.14. 1"11 HIndu. rlY numeral. of India were not 

uniform, usually varyit12 to 11~lstlc conditioni In 

different areas. The earliest known fo appeared In the 

InacrlDtlons of KIna .laoka 1n tile tb.1rd century B.c.65 

Inacl"lDtlons at liana Shat and HalIk were, late_t'" interpreted 

by some authorities 88 Dumerals, but this va. Dot unlvel"lally 

accepted. Variant. ot the Hlndu forml precedIng the 

inventIon or zero seem to be ae in the followl~ tables: 66 

- t 1 2 3 5 6 1 9 

250 B.C •. 11 t A:, 

150 B.O. + ?> 7 (> 

1st cent. II III x IX IIX xx 
100 =­ ¥ r ~ I S i 
150 -= '::t F ~ ? S' ? 

200 'r' r r J J s 

300-450 .:I l ~ .A.. J J 

600 , ':: ~ I) 4 r rp 

65 Smittl, .2£. ill•• p. 6$. 66 Ibid., P. 67.-
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flate 10 20 30 40 50 60 70 80 90-
250 B.C. e 
150 B.C. c;I( b -I dJ 

1st cent. 7)) )})7 )
 

100 or::. e ~
 

Cf)150 L<" e V- A C 'i ED 

200 0< 0 :5 X J J ~ CD Ef) 

300-450 L(' 0 v 0- ;I u d? 
600 ~ G v ;:; j 6t' c:?~ ~ 

e various torm. or tne numeral. uaed in India arter 

the sero appeared may be judged.from the following table. 67 

Date 1 2 3 4 .5 6 1 8 9-
..I)595-198 - ~ :5 e ? 

..­8tb cent. 3 J ~ 1.1 ). Il ~ q 
804·815 ~ il '\. T 

7 "V911 ~ tJ 7 
(U912 2 ~ rl ~ \" 

10,50 7 ~ ~ f1 ~ 2- I-j 9~ 
...... '( -, ,J

11th cent. 7 .i ~ 1 ~ 

61 Ibid., • 70.-
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2.15. Bar1--.:r Arabic. As early ae the sixth century 01' 

our era, the Arabs used the letters ot the early Arabic 

alpbabet as numeral•• However_ atter the time 01" uu~c:u...-g ... , 

es came in contact with Greek culture and acquired 

tne Greek numerals. Arable alphabetic numeral. used before 

the introduetion of Hindu-Arable numerals are compared to 

their modern Blndu-A~abic equivalents in the tollowi 

t8ble. 68 

1 2 :3 4 5 6 7 8' 9 

I u 0 J 'd ") ) [; ..b 

10 20 30 ~o 50 60 70 

\..5 ~ J ( U Lr' L ~ V1' 

100 '200 300 400 500 600 700 BoO 900 
.
0 ). \P 0 0 (; ~ lfo Jj 

1000 2000 3000 4000 5000 6000 1000 BOOO 9000 
[9>~. ~~L ~ [J (,,~ l) t-h 

10000 20000 30000 40000 Soooo 60000 10000 80000 90000 
.. . 

& f'.1 'J r..~ t J CA.U ~..£ l:> (ADt. 

68 Oajor1, AH1story s! Mathematical Notation.,
• .ill., p. 29. 



32 

Arabic pals \1 nR one thousand years 

and conttnuina ~o tne present t~e represent toe numbers 0 

tbrouah ten and .ero, respect1vely. aa tollows,69 

\1 Il0 I vA J 
The lero, •• one would observe, 1. rely a dot, and the ttve 

1. fluite like t HindU-Arabic ••ro. 

The t and plac. ot the orl~ln ot Hindu-Arablc 

numeral. ls still aD un.ettl 10n. Various theorles 

oonfront blstorlana, .tl~ator•• vorkin 

independently of one another, at one tl or aoot 

deni.d the HlnBu ori~lD. 

As vas preTlo"ully shown, rlv nume~a18 of Indla took 

various o Thee ly indu h iclalUl, Ar,.bhata• 
<416 A.D.) and Braamag ($ A.D.) do not ~lve the lntor­

tlOD d d neceasary to trace t ~nau-Ar8blc numsral. to 

'8 Webhallza used an alphabetioal DWIleral 

Isystem, and the nu.cript or Brahmagupta, Pulveriser, which 

used our notation and a .ero, belon to a late centu and, 

acoord! to 80 authorities, c t be acceDted as evidence 

that he himselt uled th Inolple of place Yalue and sero in 

India. 

69 Smith and 01nlbur~, ~. ~•• P. 21. 
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~ec1mal sYstem. 70 However, BrahmaauDta "ave rules tor 

COlDPUlil.l1g Wllin ze:ro ana thus ind1cated the uae or aOlJ!e kl 

of nwme~a18wltn zero. 1• Further, Brahmagupta discUS8 

divIsion or zero bY zero, but the use ot a d.c~l SYlt 

t in eTidenoe. Further doubt ot H1ndu or1g1n 18 caused by 

t that the bylo 8 at earlier date, used 

the prlnclo1e ot Dlace value .their own n ral t 11 

12ahead ot toe Bindu use ot t 0. Anot I' va lctl 

h.istorian. so t t 1n ot our n 1"&1. 

co c1; t hem wi OWllSaL.l"tt letters of t C 

D. oweTer.. 1 comoarlson of fo~. Indicated 

'ellulmDl cl t t 

ost ot th A~aUm@Dt. presented to deny t 

or121n or our ral. Ive th.. 1. 

rll:tln 1s c au~nor. dO,•
 
ev
 that Dlace value vas t recognl. 1 

re, rreoted Rlndu­ 1e 

DotatloD as the l'litsult or volutlon.13 
ilinin« and, t 

IZL"HUU 

The earlleat-known valld ference to Hindu n 1'81s 

ot India 1. the due to Bi.enl veru. s. bt ot 

70 Oa30rl, .! lator,. .£!. na"L"'GLUa."~va ... uu"a." .... v.u.•• 

QUe cit •• p. 47.-
71 Ibid •• • 4v6I-
72 Iblu. •• p. 47.-
73 ~•• • 54. 
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Bisibl., who,. liv! 1n t convent ot Kennaflm-e on tne 

OdS ot lat10D, d the1r co 

lurpaeeea deecription. I wisb only tOlay that tbl. 

c tat10n 18 do b ans of nIne .1~ns.·15 

Since almost no oomnercial co have been preserYed 

trom the so-called Dark Agee of E~ODe, and since the numner 

of scientific works that have been down to tbe present 

time i. also limited, the dat lndu-A 1e numerals 

tir.t came to the welt 1. ever. 

numeral. weI' as 17 aa t year 

1000 A.D.17 D••pite thl. faot, t 11' use 'W' forbl 1'1 in 

oia1 aooument. and in so uropean banks a. late .1 

1300 A.D., the reason bel that authorIties felt u-

A1'able ra1s wer-e eali~y falstfied or forged than 

at 

Id.t 

Intln~ of booka. 19 
their 

of 

numerals ourrently u's 

bealnnl 

B 

ftWl1eral. 

t t .18 

in J!iUP vitti the 

Htndu.jrablc 

OD II. 

74 Ibid., p. h8.-
15 Ibid. C£. Smith, ~. £!:!?., 
76 o-lth, .QR. ill., P. 1';H 

p. 65. 

11 th and Ginaour"", • olt., p. 11. 

78 Ibid.-
79 Ibid. 
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2.16. -... _" __ral yarlationa. A.tter the Hindu-

Arabic notation vas accepted, rall varied conaiderably in 

rona. G. F. Bill, ot the British eum,~O baa deYoted a 

book of 125 page. to e8~l7 Eu~O aD. fo ot the Hindu-A. 1e 

nu:m.erala. Some of the more n, va~iation. are now noted. 

Zero perhapa took on e st distinct variatlone ot 

fo 'rne Hindus .first .ed a dot tor aero. Twelfth-century• 
III rall ~or sero Inclu d ,. " (} , rj , and -0 •81 Arit h. 

tic manuscripts ot the .tifteenth century in EDgland 

represented the sera by a circle croased by a Tertical .troke 

and re8embli~ the Greek pbi,82 while the French matbemati­

cian Michael 11e (1652-1719) itually used e for 

zero.a.3 

However, sero was not t only ral to vary. In 

earlier centuries, an upright Beven waa a raritY', and a .five 

vae written in almoet any manner. 84 The numerals .tor one, 

sIx. eight.. and nine Yarled the leaat among medieval Arab. 

and Christians, while the three and the tlve were originally 

.2.2,. 
80 a.jori. 

cit •• P. 45•-
! HIBtorx ~ Matbematical Notations. 

81 Ibid ••- • 51. 
2 -Ibid•• • $2. 

83 Iblu., • 51. 
4 Ibl"".-
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oth. t Ohrist1ana d, t Arabs or therevers 

Occid 85 T lve, 81z. Beven, and ht• 
dirtered diatinctly, depending on whether the wr1ter was an 

Arab or the Orient or ot the Occident.86 Not until ttl! 

tifteenth. century were the DUaLerals for tour and tlve ehaDRed 

to tneir pre.ent fo~•• 81 An Intere8tln~ variation was t 

us. ot 1 tor one in the tirst orinted arithmetic, the 

T:reyiao. printed In 1478.°0 Thi. particular Ya~1atlon w 

proDabl,. due to the tact that there was no type t'or on.,. 

oldest mow examvle ot the Hindu-Arable numerals 

in any European manuscript was written in Spain 1n the year 

916 1..1).89 The nwnerals appear a. follow.: 

\) z IJ 9 I G f l 
The tollowlna table ahow. the changes 1n our numerale 

.trom the time of their tirst use in Europe to the beAitmlD 

ot print1n.cl. 9O 

hand Glnabure.. • .2.!l., P. 22. 

o Ibid.-
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Date 
~ 

1 2 3 'ij 5 6 7 8 9 0 

12th eentury 1 r ~ ~ 7 c 7 c9 ? 0 

~ 4 

1197 A.D. 1 I r ~ ~ (., 7 ~ 7 0 

l: P~ 1 
1275 A.D. 0)- l' ~ 4 c: A' P ;; ??
 
c 1294 A.D. ? l 3 .J- 7 c -1 & ? 0 

c 1303 A.D. 7 ~ ..Q t; ~ /l 8 ~ 0}
 
'7 ~ C; I' ;5 

e 1360 A.D. I "2 } ~ f C /} [j ? 0 
2 :; ) ­e 1442 A.D. / 't If" -1 J 0J
 

2.17 j VariatIons !a methods £! wr1tIng numerale. In 

additIon to numeral torm chang•• , the method or -v.rlting 

numerals varied. In aome tnstanoea, a dot aDDeared bero 

nume:t'a1, a••). Numerals b.avina .everal 

digIts were written in va:t'iou8 wa,.•• In the fourteenth cen­

tury, the current yeaJ-, 1384. vae wx-ltten by one author ae 

1000. 300. 80. 41 5782 appe d from another writer aa 

S. 7. 8. 2.91 b late 88 t 1900'., rals vari 1D 

term. ot relative .1... So rical table. ~av. 811 

numeral. a. a elr.rnt '. wbile 1n othi t even and 

the nine w rolon~ed downward, the three, four. tive, sIx, 

91 8mit h, .!2.£.. .2.U. 
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the one and two extended
 

1'toGlr
 

and e12ht extended 

the central body ot tu.g .""",".&.u"",,. 

2.18. 1 Orisin Bypotheaea. Many a\lthoN 

tbelrwo with the o~1g1n ot the numeral ro&~, 

not by who tl~et u them, but by how they we~ fIrst writ ­

ten, t tacIt 8. tiOD that eaoh n ral contained 

as many partioular cbaracteristic. as it reDr~ ted 'units. 

sDite the tact that their hypotheses baye given no valid 

concluelona, alnee tne thors did not 8xolaln the eat 

variety ot numeral to and only endeavored to explain m04. 

.ern Eurooean n als, a few of t theories vere interesting 

to thematlole.na. e oldest numeral orv was ~iven by 

Aben 1, A.rabic SIt rologer or the tenth or eleventh 

centu1?'. ae h:vootl1esl.ed that d two of ita 

dl t contained the required to • hypothesIs of 

origin t dot. was t earll uropean Continent, 

These dots w h 111 f d ... numerals, according to 

the theorY, beca da s in cursive wrItIn2. and flnal17 

were joined by slanting 11nea. TheBe authors did not belleY. 

that they were Indu121 in tancl.ful .t and weN nel' ­

alL" oonvinced ot the correctness ot lot- e·iplanat1ona. 

However, they d1d not e tact., nop dId they 

.up;gest inq~rIe. likely advance knowle ot the 

ral forma. 



--
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;9 
2.19,. thodl .2t writing numeral. !2£ lar! 

The rarity of lar i :f reo eIent 

'''rlt tic. A fe 1 uCle the Hln,du. tpadltlonof 

dha's sk1ll wl I, records on certaIn Babylonian 

tablets. and Arch1medea' Sand R 2!!!£.92 he people, and-
ven mOlt lubstantlal t tlcians, ordina~lly little 

need for o~ inte t iil larae numbers. However, ae tney 

oame lnto common use in later centurIes, it was desirable to 

have lome symbOl separatIng digits into sroupi when wrIt, 

the numeral. o:t large Dumbers • The mOlt :frequently-occurr1 

• l~. ot eeDaration throu~h the ~es have been dota, vertIcal 

bar., arol. colona, and conmu. The group. have been called 

VQ!"lou names, inoludi eriode, reglona, t ,ar1es,93 

While t autbors up by threes, a rew Instances w 

OUDd or ping by .1%e8 1081 b .94 
In Libel' _1610 uBcrlpt of 1200 A.D., ts 

ma:rk rloda ot tbree. In ____1' Abbacl (1202), onardo 
. I 

ot Plsa, allo known aa Flbonac , ~lrect8 that the hundrv~D, 

hundred thouland., hundred mill1 • an.'" 80 C?D, be marked 

with an accent above and d8, milllons, tooul 

or ml1l1on~, and 80 on, wit coent below."I5 

92 Smith, ~. clt., P. 60. 

93 Ibid. 94 IbId.

95 Cajorl. ... ............ ,J of l'J~'tDeDla'Claa.L . ions., 
.2El,- cit., P. 56,-
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AatlJor 

:Flbonaccl 

Sacroba.­

11
 

Paol011
 

Relach
 

Relsch
 

P.u.rbach
 

Ri.se
 

rial 

Ries. 

Stl~el 

Tonetall 

Cres.reldt 

are 

~ 

122
 

1256
 

11192
 

1494
 

1503
 

1503
 

1505
 

1535
 

1540
 

1544
 

1544
 

1544
 

1551
 

o~ne~ methode or ~roUD1~ dlg1ts: 96 

tat1011 

~~"""-"r--

678 935 784 105 296
 

9i23456789
 

, a. I
 

7.538.275.136
 

. 65~ 42+6)~ 894 676
 
: : . 

•5.9.3.6.2.9.0.2.2 

<LC~"'C~4LC'Q.. 

4593629022
 

3790526614
 

6·1·89·3·25·118
 

2b 456 345 67
 

678932.$11
 

2329089562600
 

. . . . 
32109876S1J321
 

56 7 49 3 62 .5 )h
.-,...",,-:.::J 

96 ~., pp. sa.59. ot. Smith, ~. ~., p. 87. 
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athol' 

Baroza1 

Santa.Crua 

B1undevl111 

OU'fhtred 

Schott 

udo1ft 

nwood 

Greenwood 

BaPl'ema 

rat 

de3emer­

Blaelll 

Dl1worth 

Plke 

tton 

1585 

1594 

1636 

1652 

1661 

1670 

1729 

1729 

1132 

1760 

1767 

176 

1784 

11 

1795 

• E • = . - . 
25783910627512346894352 

... ..~ 

23.456.207.840.000.305.321 

5193616 

Intergrl Part1 
18761543'2101~'~t r~ 

" " I7697432329089562436. . . . . . 
0$639561 

1,234,567 

1.234.567 

254.561.804.652 

~ ][:J.

72~094,826 152,810 364,00 

• I 0 

5132918701 3251143'297 1174 

68l765l432 11891116)1891132 

1 89 789 
. 

3 ~ I 

356;809,379,120.406,129,163 

281,~27,301 

1797 23.456,789,234.565,~56
 



2 

A nerbapa ama.ln~ ob8e~atlon 1s that altho~h it is 

nearly a thousand years aince the anpea~anee of the Hindu­

Arabic numeral., we have not even yet decided on a universal 

method tor writiJ1Jl larRe D<4LIUoI ... .I.-.. '" 



III 

NUMERALS POR FRACTIONS 

t lnamb aPD8Nntly o'.ea or tb 

of iatorie erlod. l 

1 ot 

,c! in t 8 ouaht :v or 
conveylng the 1 aot _ 1e objeot. Just 

numeral. tOI' 1nt r. varied, :80 ct10nal numerals 

vary, ir tocount~y. It wrIter, and 

rom manuscript Bcri uttlor. • e 

of fraot1ons rly t tic,.l 

cor • 

t _ 

OLD NU~ 

3.1. Babylonian. Sexaaeltmal tracti re u ally•
 
ccredlted to the Babyloni~•• eve!', Illpportin evlc!ence 

1. not so ~r.at as in other Iyst i IInee earll abylonianl, 

hav~ little acce•• to 8~ltablo st and no p yru8, 

re.orted to clay •• a p~lnclpal di • eunelfo 

tablet. dating from 200 B.C. s to &1 C?peratlons with 

.eza~e.Imal tractions which eo blst an. feel resemble 

1 t b t .2e.. .£ll.., • 2 • 



--

44 
opera~lon. with dec 1 tractions. Oajori2 advance. a 01 

tabl described by A. U d in .upport ot Babylonian use ot 

.exa~eslmal traction.. In it the dl.~onal ot a ~ecta~le 

wit idea ten and it a c uted by approximations. 

Cajorl states, "TneBe co tations difficult to la1n, 

except on the a••umptlon that they lnvolve .exa~e.lmal 

tractiona. n3 Except 1n verY 8~1. caae., the idea ot a 

tractlon with numerator reater th unity probably aroae 1n 

Babylon.4 The cuneito record. which a to show aeu.. 

almal and unit traction. al.o Include ,ymbol. tor 2/3, 

2/18, 4/18, 5/6, and oth ca.es ot a·llke degree ot 

diffloulty.S However, elabopate t tment of the .ubject 

1s not given. 

3.2. ""'Ocl P:" -_... Anclent tlans favored unit 

fractions, lin, based on the nth part ot t whole. In 

hierogln>hlc wrlt1ng, t symbol ~ over an lnt r 1ndloated 

a unit fraction with the lnt r aa the denominator. The 

fractions one-half and two-t were exceptions to thts 

mode of wrl t i , a they weI' d frequently. b 

2 Cajori, ! History S! Mathematical Notation., 
~. ~., p, 10. 

3 Ibid.-
4 tb, .22,. clt •., • 213.'
 

5 Ibid.
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hleroglypba ~ and L irepreeaented one-half at dl nt 

time.; ~ 'W8S a more common of: t ryLDg hieroglyphic 

forma for two-tb.1rds.~ Tl'le flrlt portant treatment ot 

fractIons 81 .uch vas found in tbe Rblnd Papyrus (c. l550 
B.C.).7 Hieratic writ1ng, aa exemplified by A.hmel to the 

lnd Papyrus, employed the s hio pr1nciple ror 

writi f~ctlona. with a dot replacln~ the symbol <:) • 

Abmes' numerall deviated somewhat from other hieratic writing 

and he added a tew a ols ot 'hi. own. fbi. deviation was 

common. He uled speoial numerals tor-one-third ~md one.. 

fourtb, 1n add! t lon to the "1 and :J, tor one-halt" and two.. 

thirds, respeetlvely.8 An accepted hieratic symbol tor on~.. 

fourth vas the )( • Cajori telt it mi~ht have 11.m1fled a 

part obteinable from two sectlons of • bod,. tbl'ol12b the 

center.9 The followi 1s a table of 80 tla.n 

symbolIsm tor slmDle traetions. 10 

6 Oajori, ! History ~ Mathematical Notationa, 
~. ol~.j p. 14. 

7 itb, ,2£- cit., p. 214. 

8 Cajor1, ! Hi8to~y ~ Mathematical Notationa, 
~. ill· 

9 Ibid." P. 13. 

10 ~. 



1c Hieratlc tlc 

1'11 Iddle t 1y Lat 

., ,..
:l.1/2 ~ ~ ~ ~ 

y~ c::::>1/3 ? II I I I I ~ 

)2/3 FP <T? <iT 1 ~ 
~ c=:> c:=>
'II I \I , ,I. \\1/4 X X' J 

9 11/3/4 p 9 ~ x 
I' " 

. 
<:::::> 7'7- ~4,. 
III III1/6 s fm? 1. 

~,. 1)1II'/.5/6 F 
The Rhlnd Papyl'U1 contained extenllve table. ot unIt 

r~8ction.. Por example, 2/43 vas expr•••ed .e 

1/42 .., 1/86 + 1/229 + 1/301 

Why 1/43 + 1/43 vas not u.led 1. unkDo • Fur, r, a table ot 

s~s ot unit fractioDs extended to 1/101 + 1/101, 

u1tiD1e., the Greeks 

avoided the difficulty ot computing with tractlons tor a 

period ot time,.11 However, aa the need for a fract10n S ­
bol1am beo more .apparent, t , too, developed a Iystem 

to serve thelr purpose. Gr writers cons1dered tractions 

11 3m,ith., ~. ill. 

3.3. 
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• 

t tio 'number•• oi Greek Attic numerall 

oontainee! the sign. I " [ • T, and )( tor the tractio 

1/6, 1/12, 1/24. and 1/48.12 While late Greek writer. otten 

exprea.ed tractl 1 yalue. 1n wo~dat they would &1 denote 

traotion by r1rst wrltina t ator marked wIth an 

accent, then the de natal' 'ked with two accent., and 

w~1tten twice. For example, three.tourtbs ml~ht be written 
y , S fI S n This, however, vas not the only fractional• 

notation. Tbe I1RD lomet~ea took to. ~lac. 01' tbe"'V 

accent. Ar18ta~ohu. wrote the word numeral for the nume~a-

to~ or a f'ractl0 d t £1 the den star, 

aa 1n "ten 71sta".1) 4~chl es Dlop tUI, other 

Greek writera, placed the deno~n I' in t posItion or the 

,adem ezponent. 14 In lome early uacriptl, Dlophantul 

plac t nominator above tbe numerator, a8 did Heron. 1S 

The one idea on whlch 01'1 iter. dld • to ree, 

even as late aa the Middle ., v thel~ pre nee for 

unit tractions. Unit fraction Dumerals omitted the accent 

ror the numerator, Indio d the o~nator only ~nce. 

12 Oajorl, ! Hiato£! ~ 1~~UGWA~~C~. UU~Q~~UUDJ 
~. ott,. p. 22. . 

13 Smlth, .2£. ctt., p. 24. 
14 Oajor1, A Hlstorz ~ ..-. .. ~_-.... ......._.. tatlon., 

.2E.. ill.., p. 26. 
1$ -­lth, loc. clt,



rally ma:rked o oUble 8ccent. 16 

Ot cluded t slo.ll:18 accent, 

in the to o t 1\ and X •17aln~le accent modi 

1"" wlttl tbe tI-- 1t had symbolI ot Ita 
I \. \/1 I own, h., l , h , " , c. , C , L , S J tvo.thirds v.. 

nt by • .bol 81ml1 to t 11 omega,.18 Rathel' 

thaD uae fractIon other tnan a it etlan, the ltr I 

lIke t , ,eznre lt as the eum ot unlt trac­

tio ,yru UDp ,te1"'MBdlate• 
tween the Rblnd dAk table tor .xpres8tDg
 

rdlna fIWBctl0 as t
 it fract1ons. 19 re, no 

dtstinotion 1s de betweenln ra and t!OM'8Rpondl 

unit fraot1 • 

at DODul3.4. Roman. od ot 

8voldlna common tractlon~ was t use ot tional sub-

ItlDles. To ayold usl five-twelfths ot a unlt at 

asure, these anclents invented a unit one.twelfth .a lap. 

andu. lye ot these. 20 

,16 Cajorl, A--~~-64 
~. cit., p. 27. 

17 I'bid., p. 7~ •.-
18 !2!2., p. 27. Ot. h, .2.2.- ill., P. 214. 
19 .Mathe018tlca1 ,n.., .. o u~v.u. 1 

~. ill·, 
20 J ouston ( stan:•Allyn and on, Inc., 



Historians know notMng: definite garding the t • 
place, or manner of orl~ln tractions. whlc ere, to 

a great extent, duodeeima.l. cn duodeoimal .ubdivl.1on had 

a n d s_. 1. even tbou~~ not all 8 eigns were 

Qaed to the same degree. One-half, for-instance, ordinarily 

e:ppear,d aa S • but sometlmea dur1n~ t tddl. Mes took a 

form almost ltical wItll 0 •21 

3.5. Chinese. The Chinese apparently made use at 

tractions of considerable difficulty at a very early date.22 

These :fractions re not stated 1n numerical a ola, but 

g.1ven in words. 'rbe ~-pei at 1105 B.C. or earlier states 

problema involving such nwnbers a. 247 ,2'/:0 .23 As 1n all 

earlier oivl1izations, the untt fractIon played an important 

role in Chinese th tics. 

HINDU-ARABIC FRAerIONS 

It 1. probable that the pr88ent method or writ! 

o on fraction. 1. due e.aentlaily to the Hlndus. 24 Hindu 

writer. usually wrote the deno tor of the fraction beneath 

21 Cajor1, ! History 2! Mathematical Notations, 
~. !!i., P. 311. 

22 Smith, ga. cIt., P. 215. 

23 Iblv.-
24 Ibid.-



appear below t tJ rUl"tnAr, ALnaBavl wrote a 

zero w t was Intagral rt. r example, 0 

eleventh was writt ~27
" . 

...~ ..6. .I rue" LUII;ll.L ~ ....""g. r .. 1 1 

twelfth centurY. 

or Romans never 1'0'1 t :r lonal lin maJ:lI1er 

2that it 1 to indio l"racti • 

2S Cajol'l, ! 
.2:2.. .!!!l.. p" Tr 

26 Iblu.-
27 Ibid •• p. 310. 
28 t'!l_.~'- 00. -olt., P. 217. 
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Tbl. 1. not to ID.t'er thet the ,'r 1 11ne wa. an aocepted 

symbol at tbat tl wae not used 1n 8• 
tweltth..centiury 

ot Jordnnua Nemor Bamber~er ar1thmetlc. ot 
t-t ...,. 

tat10D 3 5 .tood 1'01' thr -­1"'83.34 The -tltths and 4 7 to~ 

tour.sevenths in a :Courteenth century manuscript _3~ .fI·ur~ner, 

Inator).36 Amonn tb r tIonal to 

those 1n 0Iacch!'. Rego1e~ senera11 ~'ab~__AO (F1o~nc •• 167$)_ 

where ev f'ractl In set 11ke ~ , tor 

2/3.37 traotional 11 e into neral US8 during the 

.1xteenth century. however, oml,••1on8 01' it occurred •• lat. 

aa the aeventeenth oentu!'J_ 

hen u8ed, the tractional line did Dot ~eeessari11 

standard! tractional representatIon. A tranalation ot Abu 

1 'oontained the 1'ractiona1 11ne, but the form would be 

untaml11ar to many mathematicians toda,.. The continued 
I I 38tractlol1 --cr-T stood tor 1/9 plul 1/81. The notationa 

3~ Ibid., p. 310.-
35 Ibld.-
36 Ibid.-
37 Cl-lth, .2E. ill-, p. 216. 
38 Cajori, ! Histon .2!. .&Q otatlons, 

te. c!:., p. 311. 
.. 

th-~ent 

Schones in 1534 
or, b denom­b 

-~ ..'-.... - .... ~1Iil ~~n-'" - w.-.-.-.. ~_ ...........-~ .... 'V'o" __ ' 

represent. t 
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53 
E..-...!.. d ~ ~ represented one-e1J:thteentb.39 onarao or Pi••q ';t 

reprelented 5/6h thu81,.: ~ :- .40 

3.7. Special to~~. As w common In earlier 

mathematiC8, orten-u8ed fraetion. took on .~eoial r • 
One-balr was repre nted aa a l1ne between two polnts, , 
a small cr088 to the rlaht of the number 1n the place ot 

today'8 ex nt, +, or 1/1 in II fift th-cen1iu Arabic 

numeral•• In land, rv stood tor one-half, . for one­

rourth, and ~ tor tnree..:!"ourtha around the time of Records 

(0. 1542') .42 Sixteentb and seventeenth century En2li 

0arohlves li!:8.ve one-half 1n the form 1.- ,43 Tb.e 8Y1Dbol ­

presented one-half 1n the earl1eet arithmetic printed in 

rica (Mexico, 1623) and was found along w1th the to~ 
0 
W\ 

1n Arithmetica pract1ca '1784) by the Spaniard Juan rere~ 
1.1. 

de 

.3.8. The 8011 a. Toe onal 11ne, when finally 

accepted. va. objected to by printers a. It required three 

39 Ibid.-
40 Ibid.


41 Ibid"
-
42 Ibid., p. 312.
 

43 I'b1d.
-
44 Ibid.-
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S4 
tet-races of • and the .olidu., a. 'tn alb, was introduced 

a. a tYDo~aphieal i vement. I G.seta. de ico-
(1184), Manuel Valdes wrote traction. witb a "e line. J, 
.1m11ar to 1ihe sign or integration, eecaratlnR.: the numerator 

aDd denomlnator.4$ Anotber arithmetic written in 1843 

featured the cUrYed line 1n rract1ou.. 46 Wbile ,DeMor2an47 
sol1dus in l8u) in an article Dubllshed tn 

the cyclopedia Metropolitan., uBed aJb in hi. subae­

quent work.. Le ibn!s frequently u the oolon,l, 1n Itl 

tract1oDS; while 10 author. felt that litt1na the D 

from t paper three time. in the pI-Ooe•• ot writing -;- vas 

too c 1'some, others, uBed th11 symbol tOft IJlna,tln, 

tractions, .llOflR wi tn t .olidus, one author pftOpo.8d 

tbat the terms immediately preceding and tollowtng be welded 

Into one, with a period arresting the welding act1on.49 

Follow tbi. sylltem, ieb wa. adopted 1n land 1n 191$, 

the expre••ion ./baed would an b~ d. 

45 ~•• p. 313.
 

46 Ibid.
-
47 Ib1d.


48 Ib1d.
-
49 Ibid. 
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DECIMAL FRACTIONS 

Decimal notatlon is a comparat1~ely recent development 

in mathematics. It had been in use tor t ands ot years 

before man realised that its usefulness and stmpllclty could 

be increased by the adoption 01' the prIncIple 01' pos1tlon.50 

It i8 difficult to say where dec1mal fractions were first 

used eyst ticall,.. One author glves the priority to the 

Ohtn.se, who used the dec1mal place value notation in the 

rourteenth centurY' B.O. ana decimal tl'"8.ctions 1n ll1eterolo 

as early 88 the th1rd century A.D.$l Contact with the OrIent 

.y or ma.y not bave instIgated decimal notation in Europe. 

In case, EUltODean c u.ters began to use the Hlndu.Arablc 

numeral syst duri the t1fteenth and sIxteenth centuries 

with ever-1ncreaslng etriclency. The Nuremberg astronomer 

and thematlcIan, Resiomontanus; used t dec 1 sYstem tor 

computation ot trl~on tr1c tables, but these tables con­

talned no dec 1 fractions in tr1ct sena. ot the word. 

Early notations whicb one ml~ht be t ted to look upon as 

50 Cajol'l .l Istorz ~ Elementarz Mathemat1cs,, ­.2£. c1t ., p. 11. 

51 D. n Stev1n and the Decimal 
Fractions," ............_ ........... Teacher, LII (October, 1959) I 
p. 474. 
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hose' autho~ bad no real 

ctlons and theIr tmDortence.$2 

eu. Pltiscua, made extended ua. 

lIed to u~e the dot aa the 

tenth••53 Pelloe (1~92) u.ed a 

d used a bar, but he dId not 

1 traction.54 Rudoltt (1530) 

worked Intelllf:tently w.1th dec 1 ctlona, u.ln~ 8 vertical 

atroke tor a .eparat~lx, but dId t wrIte upon the theorJ, 

a. he tailed to apprecIate the importance and gener.lSt,. ot 

hIs procedure.55 The invention ot deoimal tractions 1. 

usually aBorl to 81 tevln, a 1$1.18n lneer and 

matlll tlcl Stevln ote u 1 traction theo~,• 
but used clumsy eircle notatIon. Tbe unIt designated 

sero, the tenth by a one, and 80 on. For IneXDerlence4 

people, to tatloD '1 nave b dv Qa, aince It 

allowed tnt diate ateps _ a. Been by 7(8) 5 (f) 8 @ pllUt 

4@705 €>. ThIs could Itten first aa 11@12(1)G), then 

11013 tD.3 @) f and tinally 12 €> .3 (i) .3 @ • Zero.e a plaQeholder 

52 Cfljorl, Istory ot MathematIcal Notationa. 
£.£. cIt., p. 315.-

53 Ibid., 2~,•- •
 
5
 th, ~. ~•• p. 241. 

55 Cajorl, A Hiatorl ~ Mathematical Notatlona, 
loc. cIt.-
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s unnecessary, aa 3@S@ Ova ral writers• 

around 1600 tried to ImDrove t s:.vmbo11IJm. ··rAt! UB a 

tor tne decimal point Vieta ~8 vertical stroke 

1n addition to sma11er numerals or the fraotional part. 

Both eompreheJlded tbe nature and vanta~e. ot declcal trac­

tion•• Clavlou8, In hi. ubll.had in 1593, used a 

dot in the D08itlon or a decimal 8eDaratrix.~6 John Napier 

was another early tb ieian used decimal notation. 

In hi d In 1619 h••ay., "Whatever 1,8 

Itt tod 18 a tractlon. n57 The use ot 

dec raotl0 '1 tore thematicl8D.8 did 

,ot that notatl0 and u.e at dardized. ... table 

toll ot us t ut:D.uIllll not"" ons.58 

56 IbId.-
57 IbId •• p. 324.-

Ibid., pp. 325-326. Ct. Itb, .2£• .£!i., p. 246. 
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~ 

JODnaon 

steaman 

Owzhtred 

Kerlle1 

Jager 

Balam 

Oapra 

Sob.ooten 

Scnooten 

Foatel' 

Tacauet 

Caramue1 

Ossat! 

Pre.tet 

tel 

"U% 

r1n~ the 

t-
1623
 

1624
 

1
 

16,30
 

1631
 

1650
 

16$1
 

1653
 

1655
 

1651
 

1657
 

1659
 

1665
 

1670
 

5' 

16
 

1690
 

1
 

1
 

.I~bteenth century a 

otatloD 

31 229it 
5 93~1 

.347
 

39(06,3
 

2\.2­

.0025
 

16 7249
 
3.04 

19v. 

1757962$ CD 

58,S 
)1. OD~ 

i ii iii \i v
 
25.80079 

22=3 

438
 
100000
 

2720971 
\II
 

6115. -ill..
1000
 

30.. 24
 
.12 [345 

aamblance or order 

renlaced the chaoa In decImal traction notation. or course, 

any "evia otationa were still present, aa 0;9985 tor 
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.9965: 35 345 f~r 35.345, 732, 569 tor 732.569, 4.2I~ 

5 ror 

4.2005; and (4)2677 to~ .00002617.59 The maln trial. ot 

.,tre 8 trice. were, however, between t o 

and th t. were c l1cated on tbe conti­

nent by t fact t t Leiba1. had Droposed the dot aa a 

ltlo11catlon s 1, • propoaal 'which met with tavorable 

:reoeptiou. the~tlc1an8 preferred the X .a a 

Itlolioatlon s however. -ind the dot was used a. a 

••pal"atrlx. Ttle 0 a. a 8epara~rix bad the lead over the. 

dot in G rance, and Spain, wbile the mOlt t Cl1 

c0nt1.nental stand in favor of the dot w de 111 1 

Italy.60 

be nineteenth century round the dot serving in 

land 1n a double caDacity, as both tbe deoimal 8eparatrix 

and multiplication .aYmbol. Tba two dots introduced no contu• 

• 10n, aa a raised dot indicated a decimal and a dot at tbe 

bottom ,of the f12uree, indioated multiDlication. However.. the 

ase of the comma preyalled; it was u8ually, but not always, 

placed high. The elevated and inverted comma, 
( 
, Dever bee 

popular, yet wal uled as late as 1924. SDain and the 

Spanisb-American oountries r~quent1y used t~e elevated but 

not inve,rted c ,'. Another lsb separatrix wa. the 

59 Oajor1, A History of Mathematical Notations, 
~f ~., P. 327. 

60 ~., p. 328. 
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3.9. R"t''W' .... .,. ......,:c> ... 1IlIfI'w .......- .......
 1742.- wa, 

per s t r11est wrIter to us. &80e01a1 notatIon for the 

81 tion ot !" t1na de 18.\ HI8 notat1on diattn. 

guI.bes a reneatb12 dec 1 "plac1ng a Pertod over tne 

fIrst Flgu.re, ox- ove1" tn.' first and la.at F1Rures or the ll:lvea 

Repetend".65 Othe1" early notationa of rep.atln~ decimals 

Inclllde .6 fol' .666••• or .6~2 for .6~2642642•• i" and .2 tor 

.222•• 'e or 2.4 18 tor 2.4181818 •••66 
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cordin« the oorresponding number o~ at s or bar. 

was apparen'tll one ot t presentations or all 

rs rrom one to 1'iv•• er. called 1" new 

lces, such 88 sYMbols to 811l!JOC1.at 1 prIm­

tive strokee by means of the I1H.ve, ltlpllcatlve, or 

sUl)'tl"aotivel,pl'lnclple, or p~PUKDS by placing primitive 

symbols in different resent hlJther values. 

catThe diversity among old n ch tion 

ot the ancient world Drab t ral 

Bystem. Aft al a fixed letter 

sequence tabllsbed, lett e ltten by. e 

Syrians, Gr I, rews, and ly Arabs, Only primitive 

powers of invent! e or treq1.l1re alphabetio 

ral Byet , ieh le ald in utatlon 

pI'OCeS8es and de heavy d n on 'tne memory. Inherent 1n 

the Babylonian, ya, d Hindu-Arabic numeral systems wal 

the ortant princiole or place f hleh utillsed 

relative positionl or the pril!ll1tlve ols tn repreBentln 

bers. Thel. Iyst ted easl1y to the proe e. 
or cOmDutatlon, even though present record. do not ~lve 

sufficient evidence to indicate 1n t manne r t l1e ya or 
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Babylonians carr! out c utatl0 with t lr It ".
 
Despite intensIve study, little 1s own about tnl 

orIgIn of tbe HIndu-Arable notatIon. 

In the study ot numeral aJDUg~a, ttlorltles otten 

cate~or!ze them as cIphered, positional, ple groupIng. or 

ltIpllcatlve. 67 Ciphered numeral sy.te Include the 

E2YDtlan hieratIc and demotic, Hebrew, ndu Br , Syrlan, 

Ionic Greek, and early Arablan. The lc, 

Gre AttIc, and He numeroals slmole gro y.tems. 

The best re tative of a ltIo11catlve n ral Iyat 1. 

the tradltlonal Ohinese-Japanese • and of the posl­

tional _ystem, our f lIar lc numerals. The 

dl.fferenc thes • ot stems, aa well 8S sWDZD8ry 

or the numeral syst In thIs thesle a 111ultrated In the 

tables that .follow. 

One laat Int ing note Is that no unltormity in 

num 1 shape. hal en reached, even In the twentieth 

centl1ry. 

67 Eves, ~. s!i., pp. 10-1.4 
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meral Sxatem Nume~al. !2£ Int.~e~ 

odern Hlndu-Arablc 1 2 3 4 5 

bylonlan Y Vl 'fyy 
~y. 

y 
'('1'(
lY 

lmhl0 I II U, 11\\ 
\\ \ \, 

Hieratlc \ 4 \.\.) u.y l 
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1"11 HIndu-Arable 1 2 3 4 5 

Cnlne 
Scientlfic 

Traditlonal 

l 

-

1\ 

-

11/ 

-

111/ 

t'1 

11111 

Jy 

ile -I II (/) .-J­ Y 

Japanee8 """? -:> -==:, ~ n 
rly Hi __ 

150 A.D. - - - t f 

11th century '" 1 ~ )' 7 

Arable 
rly Arabic I ...., G oJ V 

odel"D Arabic I ~ p-' [. 0 

Hindu-Arabic (14~2 A.D.) I 1 :!J t '! 

tor tnt-­
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Numeral Slstem Numerals tor !l'lt-
odern fflndU-Arablc 

Babylonian 

pti.n
HieroalYDhl0 

Hieratic 

.otlc 

Coptic 

Phoenician 

Hebrew 

Greek 
Attic 

Ion1c 

Gothic 

Roman 

Ast­

.1'. 

6 

y,y 
YlY 

IIII
 
II
 

~ 

L 

£:-' 

hllll 

"l 

rI 

S 

U. 

~ 

o •• 

--

7 

YVY 
'YY 

't 

'HI
III 

~ 

~ 

2 

IUUII 

) 

fn
 
f 

Z 

-yr[ 

. " 

-.-

8 9 0 

'flY y'fy
n'f 't'fY 

~ 

"­yy yn 

111/ 1I11 
I" I"I' I 

~ ~ 

z. \ 

fI -Y 

11//1 III 1/1111111 

i1 tJ
 

rm r,\\\
 
n e 

h eft 

-wr E­
.....
 

. " .. .. - @
-



G 

l 

.'1 2 

1\ 

t" 

j 

1.. 

, 

(. .y ztrtrt) °1 

°1 w 

0lqv.ry "t 

-np 

DIq -:y 

L ~ A.m~ueo tt 

• 
At.xVg 

«f 

.x-I 

\.f­

-r 

\J 

-T 

"1. 

-r 

"-.­
11; 

tal 

• 
. d t 

0 .JllL llL JL J.. °lJ1~U9 

o 6 v-n ap 

-Y OSt

1.9 
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Numeral Slatem Numerals !2£ Integera 

-Arabic 10 20 30 40 So 

Babylonian ( {< «( «« ~( 
( 

Egyptiuu
lerog:lypblc ~ (ft.j(lJ tiHMO fiJ !tJ II fit 

(;D fJJ JJ fA) 
t!O 

eratio -'\ 
,­

"\ X ---:» '\ 
otic ).. :J A '­ "\ 

Coptic -
S" r< ?\ ).L H 

Phoenician - /\ 

Reb"" 'r ~ 7 t.J ) 

Greek 
AttIc <1 11fJ. 4AA l14~A fA 

IonIc v r !l ~ v 

GotbJ.c n ( l\ 1"\ N 

Roman )( XX XXX 'XL L 

.btec 

_ya 

I:) 

-

p 

. 
~ 

PO 
. 

-

[PIP 
.. 

@ 

\PIP\) 

-
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Nume:ral S,,"8tem Numeral. £or tnt-

Babylonian 

E2YDtlan 

eratlc 

bie 

Ie 

60 

«( 
«. 

AIiil~~ 

AA 

~ 

70 

{{( 
({{ 

( 

I\AA~ 

~~$ 

X 

80 

'H 
(~(«( 

1i\1\1\" 
M''\'' 

ct 

90 

(( 
«(( 
((4­

~I\" 
M\1t 
AAA 

.w, 
--;) 

100 

y~ 

~ 

/ 

otic t :t ;> 'S ./ 

CODtie ~ [) TT ~ 

Phoenician I <. I 

brew U y ~- 15 i' 

Greek 
Attic m<1 (4Ac1 fAA t1A {Jt.14M H 

Ionic ~ 0 7r ~ P 

Gothic G l\ IT 1./ k' 

R01!l811 LX LXX LX'XX XC C. 

Astec 

,'1. 

IPflP 

.. . 
0 

lPIPIPO 

... 
-

/PIP
IFIP 

. ... ~ 

~ 

fPp 0 
/Pp 

.. 
-

J 

~ 



.... / 06 of ov .;> (·0"" z tn) 01, 

.• I ·6 + -/I ·L °1 UtI 0 

~ oJ A'[ 

1 v..tV 

--'-' -~ -L -2 -s 
.E..1n~ G q~'['[ 

e 



01 

I ~(<1 G" ?	 01 ~ r
 
f(Tnr ~~ 01


i ~	 It' 
~..,";)

nlJ\'1W1 ~;);) 1 t	 
"a~

~";) i)	 ~";)";) dcl~
 d~;) ~dC>
 ""t9 ~';)J 

J.~A
A)))) v. H ~.J.u "'CJ.HA -<! >	 ......."H
 AU	 AU ~u 

t 



11th century 1­ - 7· . ,...J. # '"' ... ""' ,J s-

Arab 
rly Arabic ~ D )? 0L­ I lYJ; [ 

dern Arabic /-­ 0 •• 9.. j ... /97/ 

Hindu-Arable <1442 A.D.) 3... 70 .. lJDV /t:Jo~ 1/£1 



14 

1/4 1/2 3/4 1/17 

tian 
ro~l'Yphlc	 c:=>

a ,\ " ~ 
<;' <?.....
"" 

eratic	 X J. ~ 1%. 

-

7 ~ 7v 

(l, J'''	 .....'S''S'· a.: Lot' Lf"Greek	 ~ 

Roman	 =- -5 5 :::­

Note:	 Blank spaces in the preceding tables. w1th the 
exception or zero. indicate that the particular
numeJ-al wa. not in sources available 'eo tbe writer. 
In the caee or sero, the absence or a numeral 
indicates that the system bad no numeral for zero. 



AHdY Itt I
 



BIBLIOGRAPHY 

A. 

Bank., J. Houston. ~~v~ 

1-56.
Elv_v~v_ tIC8. ThIrd edItion. 

Boston: Allyn and B 422pp. 

08jori, Florian. A Hl8to~ ot Elemen~amr M!tnematl08. 
Second edItIon: lew oriT The Mac llan Company, 1917. 

• A ........ DVV".L·tl 

-~Cll"'h"loagoz at 

45lpp.
 
EY.s, Howard. An Introduction to
 

ittb edItion. lew York:
 
1958. h22po. -


1l1iiilii 

CambrIclllez 

Vol. II. 

s ra1•• 
COUDcll 

Struik, Dirk J. 
New York: 

2 Vola. 



77 

B. PERIODICALS 

Nothing n Tne 
er, 19~O).--P. 588. 

Numeration ft Th 
r I 1959~. pp. 121-129. 

Lay, L. Clark. "IOld Tymal Fractio~,n T~ .~v~~~v.w_ 
Teacher, LI (October, 1958). pp. 466~o 

Jonel, Phillip S. (ed.). "Recent Dlscoverles in 
thematic. II Zero, Pl, and Polygonl," The .._v v_v_ 

Teacher, L (February, 1957). pp. 162-165.--­

Shelton, Julia B. ft. Hlatorr-ot-Mathematic8 Ohart,· The 
Matbematic8 Teacher, LII (November, 1959). pp. 56~67. 

"Simon Stevin	 and the Decimal Fraction.," 
LII (October, 1959). 


