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NUMBER

Nurmper Worps ok SoME Fp0-EUROPEAN LANGAUGES SHOWING THE
EXTRAORDINARY STABILITY OF NUMBER WoRDS

. : Sanskrit Aérce]:zt La:in German [ English French | Russian
1 | cka en unus eins ane un odyn
. 2 [ dva duo duo 2wel two deux dva
! 3| tri tri tres drei three trois tri
E 4 | catur tetra quatuor | vier four quatre chetyre
. 5 | panca pente quinque | finf five cing piat
& | sas hex sex sechs six six shest

i 7 | sapta hepta septem sieben seven sept sem
: 8 | asta octo octo acht eight huit vosem
| 9 | nava enneca novemn neun nine neuf deviat
; 10 | daca deca  decem zehn ten dix desiat
i 100 | cata ecaton centum hundert | hundred | cent sto

1000 | sehastre | xilia mille tausend thousand | mille tysiaca

A Trricat QuINany System: Tee

API LANGUAGE OF TuE New

: Hesripes
Word Meaning

1 fai
2 lua
3 tolu
4 vari
5 luna hand
6 otai other one
7 olua * iwo
8 otolu “ three
9 avair “ four
10 lua luna two hands

A TyrrcaL VIGESIMAL SYSTEM: THe
Mava LANGUAGE oF CENTRAL

AMERICA

1 hun 1
20 kal 20
20° bak 400
20° pic 2000
201 calab 160,000
20° kinchel | 3,200,000
208 alce 64,000,000

ATyptcaL Brwary System: A Westenn TRige or TorRes STRAITS

1 arapun
2 pkosa

3 okosa-urapun
4 okosa-okosa

5 okosa-ckosa-urapun
6 okosa-okosa-okosa

CHAPTER 2

The Empty Column

“It is India that gave us the ingenious method of express-
ing all munbers by means of ten symbols, each symbol
receiving a value of position as well as an absolute valueg
a profound and important idea which appears so simple to
s How that we ignore ils frue merit. But its very simplicity
and the great ease which it has lent to all computations
put our arithmetic in the first rank of useful inventions;
and we shall appreciate the grandeur of this achievement
the more when we remember that it escaped the genius of
Archimedes and Apollonius, two of the greatest men pro-
duced by antiguity”

—Laplace

s I am writing these lines there rings in my ears the old
refrain:

“Reading, 'Riting, 'Rithmetic,
Taught to the tune of a hickory-stick

r”

In this chapter I propose to tell the story of one of three
R’s, the one, which, though oldest, came hardest to mankind.
It is not a story of brilliant achievement, heroic deeds, or noble
crifice. It is a story of blind stumbling and chance discovery,
of groping in the dark and refusing to admit the light. It is a
story replete with obscurantism and prejudice, of sound judg-
fnent often eclipsed by loyalty to tradition, and of reason long
held subservient to custom. In short, it is a human story.
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en numeration is prdbabl‘y’ as old as private property. There
e doubt that it originated in man’s desire to keep a record

the recording of numbers had suggested the recording of

ds. :
he oldest records indicating the systematic use of written

pite of the distances that separated them. Ilowever, it
ore likely that they developed their numerations along
lines of least resistance, i.e., that their numerations were.

A SCHEMATIC DRAWING OF A COUNTING BOARD
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" 3400 B.C.

GREEK

ANCIENT NUMERATIONS

SCHEMATIC DRAWING OF ENGLISH TALLY-STICK
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ges ago a savage mode of keeping accounts on notched sticks was
ift_roduced into the Court of Exchequer and the accounts were kept
uch as Robinson Crusoe kept his calendar on the desert island. A
ultitude of accountants, bookkeepers, and actuaries were born and
ed ... Still official routine inclined to those notched sticks as if they
ere pillars of the Constitution, and still the Exchequer accounts
ontinued to be kept on certain splints of elm-wood called tallfies. In
e reign of George III an inquiry was made by some revolutionary
rit whether, pens, ink and paper, slates and pencils being in exis-
nce, this obstinate adherence to an obsolete custom ought to be
continued, and whether a change ought not be effected. All the red
tape in the country grew redder at the bare mention of this bold and
riginal conception, and it took until 1826 to get these sticks abol-
ished. In 1834 it was found that there was a considerable accumula-
tion of them; and the question then arose, what was to be done with
such worn-out, worm-eaten, rotten old bits of wood? The sticks were
housed in Westminster, and it would naturally occur to any intelli-
gent person that nothing could be easier than to allow them to be
carried away for firewood by the miserable people who lived in that
neighborhood. However, they never had been useful, and official
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routine required that they should never be, and so the order went out
that they were to be privately and confidéntially burned. It came to
pass that they were burned in a stove in the House of Lords. The stove,
over-gorged with these preposterous sticks, set fire to the panelling;
the panelling set fire to the House of Commons; the two houses were
reduced to ashes; architects were called in to build others; and we are
now in the second million of the cost thereof”

As opposed to this purely cardinal character of the earliest
records there is the ordinal numeration, in which the numbers
are represented by the letters of an alphabet in their spoken suc-
cession.

The earliest evidence of this principle is that of the Phoenician
numeration. It probably arose from the urge for compactness
brought about by the complexities of a growing commerce. The
Phoenician origin of both the Hebrew and the Greek numeration
is unquestionable: the Phoenician system was adopted bedily,
together with the alphabet, and even the sounds of the letters
were retained.

On the other hand, the Roman numeration, which has sur-
vived to this day, shows a marked return to the earlier cardinal
methods. Yet Greek influence is shown in the literal symbols
adopted for certain units, such as X for ten, C for hundred, M for
thousand. But the substitution of letters for the more picturesque
symbols of the Chaldeans or the Egyptians does not constitute a
departure from principle. ‘

The evolution of the numerations of antiquity found its final
expression in the ordinal system of the Greeks and the cardinal
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1 of Rome, Which of the two was superior? The question
‘have significance if the only object of a numeration were
compact recording of quantity. But this is not the main issue.
more important question is: how well is the system adapted
arithnietical operations, and what ease does it lend to calcu-

In this respect there is-hardly any choice between the two
ods: neither was capable of creating an arithmetic which

the great awe in which all reckoning was held in these days.
:man skilled in the art was regarded as endowed with almost
upernatural powers. This may explain why arithmetic from
e immemorial was so assiduously cultivated by the priesthood.
e shall have occasion later to dwell at greater length on this
ion of early mathematics to religious rites and mysteries. Not
y was this true of the ancient Orient, where science was built
und religion, but even the enlightened Greeks never completely
d themselves from this mysticism of number and form.

And to a certain extent this awe persists to this day. The

trouble with your income-tax return!” What mathematician
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There is a story of a German merchant of the fifteenth century,
which I have not succeeded in anthenticating, but it is so
characteristic of the situation then existing that I cannot resist
the temptation of telling it. It appears that the merchant had
a son whom he desired to give an advanced commercial educa-
tion. He appealed to a prominent professor of a university for
advice as to where he should send his son. The reply was that
if the mathematical curriculum of the young man was to be con-
fined to adding and subtracting, he perhaps could obtain the
instruction in a German university; but the art of multiplying
and dividing, he continued, had been greatly developed in Italy,
which in his opinion was the only country where such advanced
instruction could be obtained.

As a matter of fact, multiplication and division as practiced
in those days had little in common with the modern operations
bearing the same names. Multiplication, for instance, was a suc-
cession of duplations, which was the name given to the doubling
of a number. In the same way division was reduced to mediation,
i.e,, “halving” a number, A clearer insight into the status of
reckoning in the Middle Ages can be obtained from an example.
Using modern notations:

Today Thirteenth century
46 46x2=92
i3 46X4=92x2=184
138 46X 8=184x2=368
46 368 + 184 + 46 = 598
598
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Ve begin to understand why humanity so obstinately clung
ch devices as the abacus or even the tally. Computations
'~_a child can now perform required then the services of a
alist, and what is now only a matter of a few minutes meant
‘twelfth century days of elaborate work.

The greatly increased facility with which the average man
‘manipulates number has been often taken as proof of the
ith-of the human intellect. The truth of the matter is that the
ulties then experienced were inherent in the numeration in
numeration not susceptible to simple, clear-cut rules. The
very of the modern positional numeration did away with
se obstacles and made arithmetic accessible even to the

rowing complexities of life, industry and commerce, of
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From this there is but one step to the counting board or abacus
which in one form or another has been found in practically
every country where a counting technique exists. The abacus in its
general form consists of a flat board divided into a series of par-
allel columns, each column representing a distinct decimal class,
such as units, tens, hundreds, etc, The board is provided with a
set of counters which are used to indicate the number of units
in each class. For instance, to represent 574 on the abacus, 4
counters are put on the last column, 7 counters on the next
to last and 5 on the third to the last column. (See figure,
page 20.)

The many counting boards known differ merely in the con-
struction of the columns and in the type of counters used. The
Greek and Roman types had loose counters, while the Chinese
Suan-Pan of today has perforated balls sliding on slender bamboa
, rods. The Russian Szczety, like the Chinese variety, consists of
; a wooden frame on which are mounted a series of wire rods with
' sliding buttons for counters. Finally, it is more than probable
that the ancient Hindu dust board was also an abacus in princi-
ple, the part of the counters here being played by erasable marks
written on sand. ‘

The origin of the word abacus is not certain. Some trace it
to the Semitic abac, dust; others believe that it came from the
Greek abax, slab. The instrument was widely used in Greece, and
we find references to it in Herodotus and Polybius. The latter,

commenting on the court of Philip II of Macedonia in his

Historia makes this suggestive statement:

“Like counters on the abacus which at the pleasure of the calcu-
lator may at one moment be worth a talent and the next moment
a chalcus, so are the courtiers at their King’s nod at one moment
at the height of prosperity and at the next objects of human pity”
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this day the counting board is in daily use in the rural dis-
f Russia and throughout China, where it persists in open
ition with modern calculating devices. But in Western
.and America the abacus survived as a mere curiosity
ew people have seen except in pictures. Few realize how
ively the abacus was used in their own countries only a
indred years ago, where after a fashion it managed to meet
difficulties which were beyond the power of a clumsy
meration,

ho reflects upon the history of reckoning up to the-inven-
the principle of position is struck by the paucity of
ement. This long period of nearly five thousand years saw
fall and rise of many a civilization, each leaving behind it a
of literature, art, philosophy and religion. But what was
achievement in the field of reckoning, the earliest art
d by man? An inflexible numeration so crude as to make

of years without making a single worth-while improve-
n the instrument, without contributing a single important
. the system!

1is criticism may sound severe; after all it is not fair to judge

en viewed in this light, the achievement of the unknown
‘who some time in the first centuries of our era discovered
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the principle of position assumes the proportions of a world-
event. Not only did this principle constitute a radical departure
in method, but we know now that without it no progress in
arithmetic was possible. And yet the principle is so simple that
today the dullest school boy has no difficulty in grasping it. In
a measure, it is suggested by the very structure of our number
language. Indeed, it would appear that the first attempt to trans-
late the action of the counting board into the language of num-
erals ought to have resulted in the discove'ry of the principle of
position.

Particularly puzzling to us is the fact that the great mathe-
maticians of classical Greece did not stumble on it. Is it that
the Greeks had such a marked contempt for applied science, leav-

ing even the instruction of their children to the slaves? But if.

s0, how is it that the nation which gave us geometry and carried
this science so far, did not create even a rudimentary algebra?
Is it not equally strange that algebra, that cornerstone of mod-
ern mathematics, also originated in India and at about the same
time when positional numeration did?

A close examination of the anatomy of our modern numeration
may shed light on these questions. The principle of position
consists in giving the numeral a value which depends not only
on the member of the natural sequence it represents, but also on
the position it occupies with respect to the other symbols of the
group. Thus, the same digit 2 has different meanings in the three
numbers 342, 725, 269: in the first case it stands for two; in the
second for twenty, in the third for two hundred. As a matter of
fact 342 is just an abbreviation for three hundred plus four tens
plus two units.
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s I said before, it would seem that it is sufficient to trans-
is scheme into the language of numerals to obtain sub-

ent record of a counting-board operation would meet
stacle that such an entry as = = may represent any one

abs of the tenth century adopted the Indian numeration,
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they translated the Indian sunya by their own, sifr, which
meant empty in Arabic. When the Indo-Arabic numeration
was first introduced into Italy, sifr was latinized into zephirum.
This happened at the beginning of the thirteenth century, and
in the course of the next hundred years the word underwent
a series of changes which culminated in the Italian zero.

About the same time Jordanus Nemararius was introducing
the Arabic system into Germany. He kept the Arabic word;
changing it slightly to cifra. That for some time in the learned
circles of Europe the word cifra and its derivatives denoted
zero is shown by the fact that the great Gauss, the last of
the mathematicians of the nineteenth century who wrote in
Latin, still used cifra in this sense. In the English language the
word cifra has become cipher and has retained its original mean-
ing of zero. ,

The attitude of the common people toward this new numer-
ation is reflected in the fact that soon after its introduction into
Europe, the word cifra was used as a secret sign; but this conno-
tation was altogether lost in the succeeding centuries. The verb
decipher remains as a monument of these early days.

The next stage in this development saw the new art of reck-
oning spread more widely. It is significant that the essential part
played by zero in this new system did not escape the notice of
the masses. Indeed, they identified the whole system with its
most striking feature, the cifra, and this explains how this word
in its different forms, ziffer, chiffre, etc., came to receive the
meaning of numeral, which it has in Europe today.

This double meaning, the popular cifra standing for numeral
and the cifra of the learned signifying zero, caused considerable
confusion. In vain did scholars attempt to revive the original
meaning of the word: the popular meaning had taken deep root.
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sults of the one preceding it. But between the tenth and
centuries algorithm was synonymous with positional

when positional numeration has become a part of our
fe, it seems that the superiority of this method, the com-

fit. In reality, the transition, far from being immediate,
ded over long centuries. The struggle between the Abacists,
defended the old traditions, and the Algorists, who advo-
the reform, lasted from the eleventh to the fifteenth cen-

1as usual, prohibition did not succeed in abolishing, but
1y served to spread bootlegging, ample evidence of which is

. code. :
et, for a while reaction succeeded in arresting the progress
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, this importation of Poncelet’s was regarded as a great

of “barbaric” origin. Such examples of national amnesia

in the history of culture. How many educated people

day know that only four hundred years ago finger count-

s'the average man’s only means of calculating, while the

nng board was accessible only to the professional calculators
ime?

little of essential value or of lasting influence was contributed
to the art of reckoning in these transition centuries. Only the
outward appearance of the numerals went through a series of
changes; not, however, from any desire for improvement, but
because the manuals of these days were hand-written. In fact,
the numerals did not assume a stable form until the introduction
of printing. It can be added parenthetically that so great was the
stabilizing influence of printing that the numerals of today have

essentially the same appearance as those of the fifteenth century. d in all probabilit the symbol for an empty column
ed in all probability as

unting board, the Indian sunya was destined to become
urning-point in a development without which the progress
imodern science, industry, or commerce is inconceivable. And
fluence of this great discovery was by no means confined
rithmetic. By paving the way to a generalized number con-
played just as fundamental a réle in practically every
-of 'mathematics. In the history of culture the discovery
ero’ will always stand out as one of the greatest single
ments of the human race.

reat discovery! Yes. But, like so many other early discov-
hich have profoundly affected the life of the race,—not
ard of painstaking research, but a gift from blind chance.

As to the final victory of the Algorists, no definite date can be
set. We do know that at the beginning of the sixteenth century
the supremacy of the new numeration was incontestable, Since
then progress was unhampered, so that in the course of the next
hundred years all the rules of operations, both on integers and
on common and decimal fractions, reached practically the same
scope and form in which they are taught today in our schools. -

Another century, and the Abacists and all they stood for were
so completely forgotten that various peoples of Europe began
each to regard the positional numeration as its own national
achievement. So, for instance, early in the nineteenth century we
find that Arabic numerals were called in Germany Deutsche
with a view to differentiating them from the Roman, which were

recognized as of foreign origin.

As to the abacus itself, no traces of it are found in Western
Burope during the eighteenth century. Its reappearance early in -
the nineteenth century occurred under very curious circum-
stances. The mathematician Poncelet, a general under Napoleon,
was captured in the Russian campaign and spent many years in :
Russia as a prisoner of war. Upon returning to France he
brought among other curios, a Russian abacus. For many years -




