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CHAPTER I

INTRODUCTION
1. MATHEMATIOS AND THE HIGH SCHOOL STUDENT
Tives of great men all remind us
We can make our lives sublime,
And, departing, leave behind us
Footprints on.the sand of time;
Footprints, that perhaps anéther,
Salling o'er life's solemn main,
A forlorn and shipwréeked brother,
Seeing, shall take heart again.
Let us, then, be up and doing,
With a heart for every fate;
St11l achieving, still pursuing,
Learn to labor and to walt. R
. --Henry Wadsworth Longfellow =
The lives of great men have always Held & powerful in-
terest for those who have had an opportunity to view them.
Very few high school students who are studying mathematics
know anything sbout the history of the subject which they
are studying. They do not realize that the mathematical
forms which they see every day may have prompted some genius

to make an important discovery. oo many’times the high

school student seems to\think_thgt_mathemaxicg "just happened."
Mathematies needs to be made more real to the hlgh school
student. Before this can be done he needs to know something

of the background of the subject, the places and conditions
which prompted the different stages of its development, and
something of the men whose entire llves were spent in the.

mathematlical fleld.




2, PURPOSE OF THIS THESIS

Ifyié the pufpose of this thesis to present some of the
events and persons assoclated with the history of mathematics
which, 1t is hoped, will increase the interest of a high
gghool student for the subject. It 13 hoped that this pre-
gsentation will give the student a correct perspective of the -
way in which our modérn mathematics has developed. Althbugh
many men have been called mathematical geniuses, not infre-
quently their achievements have been the result of long
exacting hours or work. They kept on trying, undismayed by
difficulties, until finally success rewarded thelr faithful
endeavors. This has been expressed aptly in a verse written
by an American poet.

The helghts by great men reached and kept,
Were not attained by sudden flight;

But they, while thelr compsanions slept,
Were toiling upward in the night.

3. METHOD OF PROCEDURE

In compiling the dats for this Thesls, effort has been
made to select data which is as relliable as a study of this
nature can secure. In order to make‘this history more sug-
gostive 1t has been broken‘up into what seems to be rather
natural divisions as to the period of time., In making the
various meps, only those places have been indicated which

have been mentioned in the section following the map.



4, SOURCES

The sources of the data have been many. These sources
have been secondary due to the fact that primary scurces
were not avallable. The following are the classifications
of the sources which were used:

1. Books
2. Magazine Arficles
3+ Newspapers

4. Encyclopedias



CHAPTER II
GENERAL HISTORY OF MATHEMATIOS
5. EARLY HISTORY

There 1s a saying, for Whioh‘Plato ils Qﬁxegﬁgivep$gredit,
that “Godieternally geometrizes", How very true. is this
statement, .The study of nature alone reveals the.presence of
mathematlcal forms of all kindse - If a number ofignowf%gkggww
were kept below a freezing temperature and obseryed undgrﬁagg
mieroscope, two definite facts would be discovered about
them, .In the first,placé; no two flskes would be found which
were exaetly allke.s In the SQch@vplace, every flake would.
have the form of a regular hexagon, that ls, & symmetrilcal.
six sided figure.

Before the: creation of mankind; nature was.busy.building
up parallel strata’ of rocks, 8inhgle. rocks were formed in.
goometrié ‘shapes. ® A crystal is in the form of some geometric
solid, ‘Aﬁ Ordﬁnary~crysta1?®ﬂ,Ggmmon salt is.a cube.  The
diamond crystal 1s a regular octrahedron., It has elght faces,
all of which are regular egullateral trianglea.‘,Its twelve
edges are eQual in length, and the slx polyhedral angles of
the diamond are made up of four equal face angles each.

Nature has meny such examples of geometric flgures, Plant
seeds, the rings found in the trunk of & tree which show its

age, the petals of flowers, and the velins in the leaves of


mailto:seco]@.GloPlac~.t

trees are just a few of the many examples.

Thousands of years béfore the postulate, "y sfraighﬁ
line is the shortest distance between two points" was ex-
plicitly stated, animels and humans were using the same idea

" to ghorten distances. The splder

when "cutting cormers
seems to recognize regular polygons when Weaﬁing a web.
Many years befo?e the Greeks discovered and proved with
mathematical rigor that regular héxagons nay bc‘made to £111
a plane space without overlapping or ieaving a spacewbetween
them, the busy bees were ﬁakihg hcney ceils shapéd liké feg-
ﬁlar hexagons. - | - | o

Along with the devéloﬁment of the human race'came c‘
need for what iérhowkcailéd ﬁétﬁématicc. ‘It‘appeared.iﬁ art,
religious mysticism, in war, in needs of pastoral life, in
personal ornamentation such as rings, bracelets, and ear
rings, and in architecture. Indeed mathematics, through its
own development, has made Dossible and to some extent has
guided the trends of modern ciVilization. |

As far bfek as there is any record there seems to be’
no uncivilized state In Egypt. All Greek writers have given
to the Egyptians, without any jealousy, the credit for the
invcntion of the mathematicai sclences. Menes, the‘first

king of Egypt, changed the course of the Nile River, made &

large reservolr in which to store water for the dry seasons,

and built one of the first pyramids. Even to-day it is



marveled that the early pyramids of Egypt are built With‘

such mathematical éocuracy‘l Sesostries, one of the first
kings of Egypt, divided the land among‘the people so that each
person would have a pilece of land the’same size. The king
collected a revenue from each person and, Since‘evgry one .
owned the same‘gmount of land,‘the same amount of tax was

pald by sach.? .

‘The king, in dividing the lend and in maeking the tax
law, forgot that the Nile Biver overflowed once aﬂyear,and
washed’away all thé landmarks. The people who 1ived along
the river soon began to object to the paying Qf phe same
tax as the others were paying when part of their‘land waég
washed away. The people complained to the king_who,senﬁk‘
overseers and "rope stretchers" to measure the land which
was left. The taxes were then levied iﬁ proportion to the
entire tax imposed. ‘ | ‘ | | | o

The "rope stretchers" were the‘surveyéfs of Egypt. It
is surmised that the name "rope stretchers" éa@e from the
fact thét they‘uéed a rope knotted in segmehts whose ratios
were 5:4:5; The rope thus knotted waé used in the construc-
tion of right angles. If the rope AD were dividgd S0 thatﬁ

AB would be the segment of length 3, BC of length 4, and CD

1 James Henry Breasted, A History of Egypt (New York:
' s A __“%% Egypt (New York:
Charles Scribner!'s Sons, 19197, pp. B6-57. ,

2 David Eugene Smith, History of Methematics (Bogton:
Ginn and Company, 1923), Vol. I, p. 51,
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of length 5, (A B c D), the right angle B

would be constructed in the following manner. Stakes were
placed at A and B. - The end of the rope at D was placed on
the stake at A, A stake was then placed in the knot at C
and was_moved‘gpt;l the lines BC and CD were both taut. The
right angle thus formed was e the polnt B.9

The Egyptlans were very particular abouf the orienta-
tion of their temples. In order to do this 1t was necessary
to obtain with accuracy the north and south, the east and
wost lines. To do this a point on the horizon where a cer-
tain star rose and set was located. In this mammer the north
and south line was located. To find the east and west line
the professional. "rope stretchers ‘were employed. The line
was located by the use of the 3:4:5 triangle.4

The geometry used by the Egyptians was therefore a
practical geometry wiLh no thought of logice. They used many
rules but no attempt was made to prove that they were true. |
Apout. the seventh .century B. C. commerclal trade began be=
tween Gree&eﬁamd,ﬂgypt. Naturally they exchanged idesas as
well as merchandise. The Greeks were anxlous for knowledge
and sought out the Egyptian priests for instruction. The

Egyptian ldeas were taken back to Greece where they gave the

S W. W. Rouse Ball, A Short Account of the Hlstory of
Mathematics (London: MeemIlIan and Gompany, 1924, pp. 6=T.

4 1bid., p. 6
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Greeks new ideas and a new basis upon which to work. Plato
sald, "Whatever we Greecks receive we improve and perfect."
From thig-time on the mathematical sclence developed rapldly.

' _There is no reason to belisve that the Phoenlclans or
the other nelghbors of Egypt pald much attention to mathe-
maticss In I Kings 7:23 and in II Chronicles 4:2 of the
Bible these words are found: "And he made a molten sea, ten
cubits from one brim to the other: it was round all about,
and his height was Pive cublts: .and a 1line of thirbty did
compass 1t around sbout." According to this the Jews had
not paid much attention to geometry. If this rule were true
the circumference of the earth wéuid be found by multiplylng
the dismeter by three., The Babylonians used pl equal %o

threes ..
6. ORIGIN OF TERMS GEOMETRY AND ALGERBRA

v Ibeds naturaiﬁthat the' Greek name would be the one to
designatethe science of geometry. It is derived from the
Greek words-for- egrth and to measure,r'n "(ge) earth, and
)XCYyDEI:V‘(metrein) to measure. The term, geometry, there-
fore was originally, as it is 'in some languages today, '
synonymous with the English word surveying. Since'the sclencs
was well started in Egypt before the University of Alexandria
was founded by the Greeks, the word is probably the transla-

tlon of an Egyptian word. It was being used at the time that
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Plato and Ariétoﬁle wore doing their work end no doubt goes
back t6 the time of Thales. It might be noted that Buclid
did not call his treatise a geometry since the word probably
éfili referred to land méasure. There have been & variety
of names for geometry. During‘the slxteenth century this
was true of all‘brgnghes of learning. Among the best known

titles was the one used by Robert Recorde, The Pathwaz to

Knowledge. 5

The “term algebra came into use many years after the.
term geometry.’ When Ahme s oopled the Papyrus, now known as

the Ahmes Papyru@, 1n 1650 B.ﬁc., he had no word to use for;

ythe term algebra. He combined both it and arithmetic under
fthe same- heading, that of arithmetic. However, he gave gs_a
‘definition of the subject, "the neture and fofﬁknowing all

that exists, every mystery, every secret . e B

It was from Al—Khowarizmi's title, ilm al jabr wal

;mufabalah, that the modern wmrd was derived. The Latin

£branslatienyw]:fudus algebraefalmucgragalaeque and Gleba
Mutabilia, was the|f irst translation of the Arabic title

that was made. “The/English translated the word into algrebar
and almachabel 1in the sixteenth century. The word was then

shortened into the word algebra. A good definition of the

title, ‘1lm al-jabyr wdl mugabalah, is "restoration and

5 David Eugene Smith, History of Mathematics (Boston:
Ginn and Company, 1925), VoI. II, p. 275

6 Ibid., p. 386
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oppositions and the clearest explanation of their use M7

The fbllowing Table shows a list of the many names used

for the word algebra, by whom it was used, and where possible

H

. TABLE I

NAMES USED FOR THE WORD ALGEBRA

streterren:

fhé ﬁeaning of the word used as well as the date is given.

= ki
Name Used By Date{ Nation- |Meaning of thq
, ’ , : _ality Term
Eifﬁbhatlgams ;ﬁmyabhata 510 |Hindu
Kutakhadyska® [Brahmegupta 628 |Hindu The pulverizex
| (chapter on
indeterminate
s ‘equations)
Ganita-SarT iahavira 850 |Hindu A brief expos
Sangrehal? ition of the |
compenduim of
‘caloulation
Avyakta-ganitallBhaskara 1150 [Hindu Calculation
« | with knowns
AVyakta-kriyélgAFhﬁskara 1150 [Hindu Caleulation
with unknowns
7 Tvia., p. 388
8 1v14., p. 387
° Ibid., p. 387
10 1bid., p. 387
11 1bid., p. 287

12 1big., p. 387



TABLE I (Gontinued)
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e

~ Name Used By Date | Nation- |Meaning of the
. M . — ality _Term
11m-jabr wdl- |Al-KhowBrizm? | 825 |Arab Restoration
" mugabalahld ' | and. opposition
Fakhrilé Al=Karkh? 1020 |Arab
Gleba louglielmes | 1250 |Italian
Mutabiliald de ILunis
Algebra-et 1 Roger Bacon 1250 |English
almochabalal® : '
Ars Magnal7 Cardan 1545 |Italian |Great Art
Analysisi® |viete 1590 |French
1’ arte mayorl® |Juan Diez © | 1586 [Mexican [Major Art
Kigin”Seihbzo” |Sekl 1680 |Japanese |Method of re-
verting the
‘|true and bur= |
ied origin of
things 2
Great Art2l ' 15th |Italians |To-distinguish
& arithmetic and
' 16th algebra.
Cen.
 13-Ibid., p. 387
14 1bi4., p. 387
= 'y
15 1bid., p. 290
16 1v14., p. 390
17 1bid., p. 392
18 1pid., p. 392
19 1b1d., p. 392
20 Ibid., p. 386
21 1bid., p. 392
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The term, #lgebre, was first adopted by the European
schools. The?MpgrgﬁtooE the word to Spein. The Spaniards
had 2 siﬁiiér’WOTd;”algebrista, which meant a resforer, or
s person who séts bones. It was not unusual to see over the
entrance of 4 barbér shop these words, "Algebrista y Sung-
rador! which meant that a bonesetter and a bloodletter might
be found in thatfpértioular shdp. The striped pole which is
used in America as a sign for a barber shop and a metal wash
basin which%fé used in Europe for the same purpose are relics
of the lattér phrase, bloodletting, of the naircutters work.22

The word went”tblltaly from Spain. From there 1t
spread rapidly over the world. Thus it took seven or eight
centuries‘for the W6fd algebra té be commonly used. This is
en examplé of meny of our common words. Although they may
have been used centuries ago, they did not become common
words until there arose s great need for them.

The different forms through which the algebraic equa-
tion has passed may be made the basls for a very interesting
comparison. The following 1ist shows the verious f orms
assumed'by equations as written in the many countries, from
the early times fo thelpresent. All the forms are for the
one equation, X + X/4 =z 15.

Anclent Egyptisn
"’“ < , Qo a4 < oo é%

Aot ;
(Read from.rién E‘faef:T Leel e

22 M" Poe %82



13

. Ahmes Papyrus‘(1650 B. C.)

_ ZZ 7L—
*—'Tf;aé from right to left)

Vande Hoecke (1514)

1 Pri + 1/4 Pri dit is ghelijie 15
Cardan (1545) | | | o
17167 p ¢ 1/4 rib” asqtis 15
Ghaligal (1521)
OO 1/4 ¢° — 15 numeri
Buteo (1559) |
" 1pP1/apl 15
Bombelli (1572)
Y . p e 1/4 + aquals A'15
Gosselin (1577)
1L P 1/4 L ssqualias 15
Ramus and Schoner (1586)

Ll e 1/2 1 aequatus sit 15

' Vieta (1590)

N+ 1/4 n aequatur 15
Girard (1629)"

1(1) +1/4 (1) = 15
Oughtred (1631)

X+1/4 X = 15
Harriot (1631)



14
Herigone (1634)
1 X ———1/4 % 2/2 15
.. Descartes (1637)
X +1/4 X 2015
wallls (1693)

The present modern form: X+ X/4 = 15
7. NUMERICAL SYSTEMS

From the very eérliest times the primitive man has had
some use for numbers. Although hils needs were very simple,
he needed some form fo designate .the size of his femily, the
number of enemles he had, and the number of wild animals he
had killed. .The herdsman in the early days could tell that
one sheep was mlssing out of his flock before he was able to
count the number of sheep in the flock,2d

Nearly all‘number systems, both ancient and modern, are
based on the scales of five, ten, or twenty. It is not 4if-
ficult -bo see the reason for this. When a child is’" learning
to count, he uses his fingers and sometimes his toes. In
the same way the primitive people counted on their fingers
and toes. One of the best proofs of this is the various

number gystems of the savage tribes which are still in exis-

tence todsay.

2% David Bugene Smith, History of Mathematics (Boston:
Ginn and Company, 1928}, p. 6, Vol, L.
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Among the South American Indians are certain tribes
which have been observed to be ecounting by their hands.
They might say one, two, three, four, hand, hand and one,
and@ so on unbtll they would have ten for both hands, or
Hhands finished. ' Eleven would be one on the foot. This
could be continved until twenty which would be man. Similar
tribes have been found in Afbica.: Whén a Zulu wishes to say
six he says "taking the thumb" which means that he has
counted all the fingérs on the left hand and has started
with the thumb on the righte. Iq gsome of the South Sea Is-
lends when the natives are counting they use nuts. After
they have reached five theéy lay aside one nmut and say
"eap". Another tribe counts to ten and then lays down a
small stalk of cane for the first ten. After he has counted
to ten the gsecond time he lays down the second stalk. This
is continued until one hundred is reached and then a large
stalk is placed on the ground and all the smaller ones re-
moved.24

Thus‘it can easily be seen that there have besn ways
invented by the various tribes to take care of their needs.
However, there have been tribes found which seem to have no

conception of numbers. The Chiquites of South America have

24 Levi L. Conant, "Primitive Number Systems." Smith-
sonian Report, 1892, pp. 584-85.
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no word which might be accepted ss a substitute for the word
‘onea Their knowledge of numbers 1g so slight that the state-
ment, thelr language contains no numbers, has been made.
Some of the lower class of natives of Australia seem to have
no system of counting above four. They count by saying,
"one, two, two and one, two twos, much". The term "much"
covers all numbers larger than four.25

In general 1t might be sald that mathematics met the
needa of the primitive life, with respect to number, as the
needs for the numbers arose.. Until some method of communi-
¢ation was found, each group of people had a system all their
iown. The Hindu—Arabic numbera that eventually replaced the
ancient number systems of Europe originated in India, it may
be as early as the third century B. C. ‘The origin of the
symbol for zero 1s uncertain.; With the addition of a sym-
bol for zero, however, a place value system was obtained
which has’ proved ‘far superior to other systems of calcula—
tion. The zero was- not in general use until the ninth
'century: 26 |

Before the invention of the printing press, even though
two people might bevusing the‘same system of numbers, they

could hardly be recognized as the same after they were written.

2% 1bid., p. 586.

26 David Eugene Smith, ope cit., p. 69
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This was because the hand=-wrlting of psople varied so much.,
After the printing press was invented the numerals became
more and more uniform. ,
Tgble IT shows some of the numbers used by different

countries.
TABLE II

DIFFERENT TYPES OF NUMBER SYSTEMS

Sy‘stem ‘ I\Twnb‘er,‘s . i X
o | 1 1717 T Too T ]

Maya Indiang L N N |
5300 Bo Co- . [ ] . . .‘. :: —— :
1500 &, D.RTEB[ =+ |-+ |o* |- |— |~ | | == |& | = |S0]
Aztec e L“, ;u .| '

Indiansgs » e w ‘: o-: -:: .:: C::° .;;’.’.‘::’_ O: ”:] J
Jgjarly Arabs ? , : ‘ ' RN D
(T111 8th | . ‘e
Century?) 29 | | E (__j 8 9 75 ‘E j \j 2

‘ Nvww [vvrver|

sretmtanad | v [vv [werlvar [y e R P e | <[
Early N

Syrians51 l fJ H }JV = = t"“) H—‘Hu 7 O ZC

27 plorian Cajorl, The Early Mathematlcal Sciences 1n
North and South America (Boston: Gorham Press, 1928) p. 12

28F1orian Cajori, A Higtory of Mathematlical Notationg
(Chicago: Open Court PublIlshing Company, 1928), Vol. 1, Pe 41

29 Ibid., p. 29

30 David Eugene Smith, op. eilt., Vols II, p. 37
3l Florian Cajori, op. alt., p. 19
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8. SYMBOLS

The history of symbolism covers a period of a‘great
many years, yes, centuries. Before the invention of the
printing press each author, if he wanted to use sjmbols of
any kind, used his own symbols regardless whether or not
anyone else had used the seme ones. Consequently, the vari-
ations of symbols were about as numerous as the suthors who
used them. With the development of the printing press,‘the
symbols became stanardized.

In the Egyptian hieratic form of writing s sign was
usged fbr addition and subtraction, While these were’not
symbols in the sense that symbolé are thought of now, they
served the same purpose. The symbol.Jﬂ (a ﬁan‘walking for-
ward) was used to designate addition whilezﬂ.(drnan Wélking
backwards or retreating) was used for subtraction. Ahmes

varied these btwo symbols slightly in the Ahmes Papyrus when

he wrote A. for addition snd /A for subtraction.49 Diophan#
tus used A aé a symbol for subtraction.50 Widman ﬁas the
first to‘ﬁse our present slgns in 2 book. They may'hot’have
been original with him.5) It was not until nearly‘fifty'

years after thelr first publication that they were used as

49 Ibid, p. 396
50 Loc. clt,
51 1b1d, p. 299
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the symbols for sddition and subtraction in arithmetic.52
Before that theyﬁwgyg used to denoge excess or defilciency.
The + and - were not used in Italy for nearly a century after
their introdugt;qn;‘_Recorde‘intrpduced them in England about
the middle of the, sixteenth century 55

The use of the -8lgn x for multiplication 1s probably due
to Oughtred.  Lelbniz objected to the symbol saying that it
could not be told from the letter x when used as an unknown
term. Leibniz experimented with six signs. They were X, °,
~, s, 3, and #. Out of the six, only two ere used very
extensively to-day. These are the x and the ° 54 the
present symbol for division is a comparative new one, having
been in use since the middle of the seventeenth century.55
The early Egyptilans wrote a < gbove a number which signi-
fled that 1 was to be divided by the number.°® Brahmagupta
was the first to write one number abdve another to signify
division. The Arabs, to improve this‘practice, placed a bar
between the two numbers. Leibniz, because of the difficulty
in printing fraction§ With one number above the other, pre-

ferred the use of the colon to signify division. From these

52 Vera Sanford, A Short History of Mathemsatics (Boston:
Houghtoanifflin Compeany, 1980), De 152.

53 Loc. Gito

S4T00. oit.
55 Loc cit.

56 Florian Cajori, History of Hlementary Mathematics
(Chicago: Open Court Publishing Company, 19268), Do 23
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two symbols has come the modérn symbol. 57
The equality sign was the invention of Robert Records.
One time when speaking of the symbol he said, "I will sette

as I doe often in woorke vse, a pailr of paralleles, or Gemowe

(1. e+, twin) lines of one léngthe, thus ————, bicause nos.

2. thynges can be moarévequalle." The survivel of the sign
= may be due partly to its simplicity and partly to the fact
that Recorde's books were so popular.58
Oughtred used the symbols &= and —= with the meaning
"Is greatér than" and "is less than". The use of these two
gigns remained in use until sbout a hundred years after they
were first used. Before the publication of the work of
Oughtred, Harrlot was using > and < . Thesevtwo seomed to
be so much simpler than they‘hgve‘remained in use to the
pregent time , 59
The following Table shOWs some of the signs which have

been used in additlion and subtraction:eo

57 Vera Sanford, op. eit., p. 152
58 1v14., pp. 158-4.
59 Tpid., p. 154

60 Ipid., p. 161
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TABLE TII

METHOD3 OF INDICATING PLUS AND MINUS

Year Name of User Nationality Addition Subt.

—

1202 Fibonacecl Italian plus minus
1494 . Pacloli Italian ol m
1549  Peletier French Plus molns
1556 Tartaglia Italian Do Me
1583 Clavius German P. M.
1489 Widman German + -
1522 Riese German + *
"1542  Recorde English + -
1568 Baker English X -
1590 Vieta French ° ®
1608 Clavius Ge rman o+ -

The following table shows some of the symbols thet have
been used for the equality sign:61

TABLE IV

METHODS OF REPRESENTING EQUALITY

Date ___ Name Symbol
1557 Recorde =
1559 Buteo C
1575 " Xylandexr

1634 Herigone 2(2 oriy
1637 Descartes oo
1680 Leibniz 1 and =

61 1pid., p. 153
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9. WEIGHTS AND MEASURES

From the very earliest tlmes it has been necegsary to

have some standards of welghts and measures. Before the in-

vention of money, exchange of the necessities of 1life was
carried on by parter; that 1s, the exchange of something one
had end did not neéd for something he did need. AL first
there were no standards of welghts and measures. Two ad]oin-
ing countrieé or states might have had entirely different
measures with no standerd by which a comparison could have
been mede Between.their measures. It was soon discovered
that this was not satisfactory, especlally as the develop=-
ment of transportation maede it possible and easier for one
country,ﬁo trade with’another.

At first thought it seems as though 1% would have been

easy for a group of men to have fixed a definite measure.
They might have fixed the length of a yafd then have cut a
plece of board the right length. However, this would not
have been as simple as it might appear. The plece of wood
might have been cut the correct length, but the ends of it
worn away with use would have destroyed the true measure.
The same thing would have been true of metal measures. The
metal would have corroded and even varied in size with the

temperature.62

62 Ohembers Encyclopedis, "Weights and Measures",
Vol',x’ Do 125. ‘
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- The preservation of standards of units of measures,
since they could not be determined with aceuracy, had to be
ggfe gerarded agalinst alteration. In the anclent times the
Wpfiests and magistrates had charge of them. The Roman
jétandards were kept in the Temple of Hercules. The Roman
‘length of meagu:engs‘qhigléd Into the base of a statue
ldcated in the Roman Forum. It wasn't unisual in medieval
times to find a étandard length of measure for a particular
lﬁéa;ity to be designated by twq iron‘pegsset in the wallg
of the city.35

o - In 1824 the English Parlisment passed an act defining

the standard welghts and measures. Then in case that the

standard weights and measures were lost, they might be re-
placeq;54 | “‘

Tradition tells many iﬁtareéting incidents and wéys in
which some of the messures were determined. The yvard measure
was established by Henry I, a king of England, from 1068 to
1135, The length of the yard was to be the length of the
distance between his nose and the end of thé thumb when his

-arm was stretched out straight.es

Among the Greeks and Romans the pace was the measure

used to correspond to the English yard. The pace was the

63 vera Sanford, op. ¢it., pe. 3556
64ﬁChambers¢EngycloPBdia, op. cit., p. 127

85 maitorial in the Kansas Oity Star (Kensas City,Mis-
sourl), "Gave Us Our Measurements", September 16, 1933,
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length of a step. In the time of Alexander the Great of-
ficial pacers were hired. They traveled from one end of
the country to the other, giving the dlstances from one viil—

age to another, the dimensions of a plece of land, and pro-

viding sclentlsts with whatever information they needed, In
a Roman road book the distances were given in paces., .A Roman

soldier by looking at his road book could tell how. long it

would take to march from one place %o another.66

In 1514 Xobel gave the followlng rule for the finding
of the length of a rod;

To find the length of a rod in the right and
lawful way, and according to sclentiflc usage, you
should do as follows: Stand at the door of the
church on Sunday, and bld sixteen men to stop, tall
ones and short ones, as they happen to pass out
when the service is finished: then meke them put
their left foot one behind the other and the length
thus obtained shall be the right and lawful rod to
measure and survey land with, and a,sixg$enth part
of 1t shall be a right and lawful foot.

in‘l221 three barleycorns were'establiéheé as one inch,
68

~

twelve inches as one foot, and three feet’as one ell.
The length of an inch was élso determined by the length of
the terminal joint of the thumb,5°

| A fathom was the distance from fingertip to fingertip

when both arms were extended, The Hebrew cubit was the length

66 vera Senford, ops clfe., pe 559
67 1bid., p. 554

68 Kansas City 8tar, op. cit,,
69 Vera Senford, op. clt., pe 555
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of the forearm from the elbow to the end of the middle fin-
gers The Egyptian cublit was the same as the Hebrew cubit,
but it was divided into digits which were finger-breadths,
Each finger-breadth was regarded as four grains of barley- '
corn placed breadthywise.vo
The word acre 1s identical with the Latin word “ager"
and the Greek word "ggros," both words meaning "field;" and
the @german word "acker" which means both field and a measure
of land, Most of the different countries of the world have
measures which correspond to the English acre, -Perhaps .the
measure orginated in the amount of land that could be plowed

with one plow in one day's~time.7l

tries, it has‘seemed necessary to find.SOme,kindvof a i gystem
which would be uniform. Before the metric. system was adopted,
in the northern part of France alone there WGne;eighteén .
different "aunes" (a measure for cloth) and in the entire
country there were nearly four hundred different ways in
which the area of land was expressed, Thls condition did

not exist only in France but was found in all the European
countries, Before the days of easy transportation and com-

- munication these different measurements were not troublesome,

70 Ghambers Encyclopadia, "Cublit", vol, VII, p. 380

71 Chambers Encyclopedia, "Acre", Vol. I, p. 32
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However, by the end of the elghteenth century, the people
reallzed thab some uniform system must be established, ©
In 1789 the French Académie des Sclences appointed a
comnittee to work on a new system of measures. It was final-

1y decided to take one forty millionth of a meridlan as a
basal unit. A careful survey was made of the length of the
meridian from Barcelona to Dunkirk. There was a revolution
in Spain at that time which delayed the work, The originai
l1dea of the unlt was not carried out. A standard meter was
fixed and copies of 1t wore made and sent to all the coun-
fries of the worid.75 |

The metric system became obligatory in France in 1840,
The measures were legalized in the United States in 1866.
They'are generally used in scientific leboratories, 1In
1933 they were adopted by the American pthletic Unlon to

be used in measuring distances in all athletic events.74



ANGIENT MATHEMATICS
INTRODUCTION

There 1s no deﬁinite knowledge as to the country in
which mathematlcs first developed into anything like a scl-
ence. There has been historical mathematical material 1ef$
té us, principdlly from four cogntries; namely, Egypt, Baby-
lonia, China, and India. Hach of these countries claim to.
be the ploneer in mathematics. These countries all flour-:
ished along one or more rivers which furnlshed water for ‘
irrlgation purposes. This gave an opportunity for the
d@ﬁeldpﬁenfkdf mathéhatius in‘préblems oon&éfhing the‘irfii%
gation projects,

0f the four countries mentloned in the preceeding par-
agraphs, only two, Babylonla and Bgypt, will be considered.
in this section. It is through the Babylonlan tablets that
the knowledge of mathematics in Babylonla has been preserved,
These records show that the Babylonian merchants werc fam-
iliar with bills, receipts, notes, accounts, and systems of
measures $000 Be C. The Egyptians left records in the form

of papyri and wall reliéfs. The Ahmes Papyrus is the first

mathematical handbook which has been found up to the present

time.
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10, AHMES PAPYRUS

The Ahmes Papyrus, the oldest mathematical record in

existence, was found at Thebes in the ruins of a small build-
ing near the Ramesseum. The Papyrus was copled by Ahmes in
1650 B. C. from mathematical records which were perhaps a

thousand years old at that time. The Ahmes Papyrus‘Was

purchased soon aftér its discbvery in 1858 by A. Henry Rhind,
After his death the Papyrus came into the possession of the
British Museum. About twenty years ago a group of students
of Egyptology were allowed to study the roll.

Arnold Buffum Chase, Chancellor of Brown University,
had long been interested in the literature and mohuménts of
Egypt. In 1910 he and his wife made a trip to Bgypt. The
result of the trip was an increased interest in old Egyptian

records. The Ahmes Papyrus came into the possession of the

British Museum sbout two years later. Chancellor Chase gained
permission to make an intensive study of it. Realizing 1ts
value in the study of mathematiCs, he obtained permiséion to
prepare the Papyrus for publication. When thej began the
translation geveral pleces of the roll wére found misgsing.

In 1922 Professor Newberry, the.English Bgyptologlst, found
some fragments of a papyrus in The New York Art Museum. Sus-
pecting that they might be the missing pleces of the Ahmes
Papyrus, the pleces were taken to England. Professor T. E.
Peet, with much skill and accuracy, arranged most of the
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pleces in their original position in the Papyrus. There are
a few small pleces whose positions have not as yét been de-
termined., When the translation was nearly complete, The
American Mathematical Assoclation came forward to help in the

introduction of the Ahmes Papyrus in 1ts translated form. 9

The translation of the Ahmes Papyrus no doubt was a

difficult task. If 1t had not been for the dlscovery several
years before, it is doubtful it the translation could have
Been made. In August 1799, a French artillery officer was
digging at Rosetta, near the mouth of the Nlle River, for the
purpose of throwing up fortifications., He found a large
stone with strange markings on it several feet under 'the
ground. After the stone was cleaned, 1t was found to con=-
tain three different inscriptions. The one ‘at the top of
the stone was in Hieroglyphics, the printing of the Egyp-
tians. The second ingcription was in Hieratic, which
corresponds to the handwriting of the Egyptians. The third
and last inscription was written in the Greek 1anguage. The
Rosetta Stone may now be seen in The British Museum. The
European scholars could_easily read.the Greek inscription.
Here at last was a key to the many treasures of Egyptian
History and to the many accounts of the life of the Egyp-

tian people which are found on the monuments, tombs, and

75 Arnold Buffum Chace, "The Rhind Mathematical Papyrus”
Mathematical Assoclation of America (Oberlin, Ohio, 1927¥,
Vol. I, pp. 1-2
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papyrus rolls. Before the finding of the Rosetta Stone all
efforts of scholars and archaeologlsts to translate the
early Egyptian writings had been in vain.‘76 71

In order that the Ahmes Papyrus might be more easily

studied thirty-one photoplates were teken from'the original
copy. From the photoplatee one hundred nine fac~ simile

plates, showing small portions of the Papyrus ma;nified 80 asg
to bring out.clearly just what theforiginaluwriting looked
like, were made. The one hundred nine fac-simile plates showed
the entire Papyrus and by close inspection, the places where
the =small fragments were missing and had been replaced could

be noticed.’®

The Ahmes Papyrus was originally a roll eighteen and

one-half feet long and thirteen inches wide. It was written
in Hieratic, the handwriting of the Egyptisn pecple.’? The
writing was done in two colers. Red was used for the first
wrods of each problem, for headings,‘and for emphasls of‘any‘

kind. The rest of the Papyrus wasvwritten'in bh ck ink,

76 Willis Meson West, The Ancient World (New York:
Allyn end Bacon, 1913), pp. 1l-12.

" Hutton Webster, Anclent Histo (New York: D. C. .
Heath and Company, 1913), pp. 7L-72.

78 Arnold Buffum Chace, op. oit., p. 1
79 Arnold Buffum Chasce, "The Rhind Mathematical Pap rus"

Mathematlcal Association of America (Oberlin, Chio, 1927
Vol. II, p. 6.
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The first part of the Ahmes Papyrus might be called the

title page. Although a small piece secems to be missing, it

has been translated as:

Accurate reckoning. The entrance into the
knowledge of all existing things and all obscure
gsecrets. This book was copled in the year 33, in
the fourth month of inundation season, under the
majesty of the king of Upper and Lower Egypt,
A-user-Re', endowed with 1life, in likeness to
writings of old made in the tlme of the king of
Upper and Lower Egypt, Ne-ma'et-Re'. It i3 the
seribe Ath-mose' who coples thiswriting.50

If the Ahmes Papyrus had a Table of Coﬁtents, the table

would probably read something like this:
Chapter I-~Egyptlan Arithmetie

Section I  Table of Division of 2 by 0dd Numbers
from 3 to 101.

Section II Problems l=-6. Table of Division of the
Numbers 1-9 by 10,

Section III Problems 7-20. Multiplication by
‘ coertain Fractlonal Expressions.

Section IV Problems 21-23. Problems in Completion.

Section V  Problems 24-29. "AHA" or Quantity
Problems.

@

Section VI Problems 30-34. Division by a Frac-
tional Expression.

Section VII Problems 35-38. Division of a Hekat.

Sectlon VIII Problems 39-40. Division of Loaves.
Arithmetic Progression.

80 Arnold Buffum Chace, "The Rhind Mathematical Pap§rus"
Mathematical Assoclation of America (Oberlin, Ohio, 1987
Vol. I, Pe 490
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Chapter II--Geometry
Section I  Problems 41-46, Problems of Volume.
Section II Problem 47, Dlvlision of 1000 Hekat.
section III Problems 56-60, Pyramids, the Rela-
‘ tion of the Lengths of Two Sides of
a Triangle. o
Chapter III--Problems 61-87. Niscellaneoué Prohlehh;
Because the Egyptian fractions were limited 5o z/o and
to the reciprocals of Whole numbers such as 1/2, 1/5 l/5
etc., and because the Egyptian arithmetic was ohiefly cons
cerned with fractions, Ahmes worked with fractlons in the
larger part of his Papyrus. The hgyptian method of writing
fractions differed froﬁ‘the modern method. Instead of writ-
ing 2 7/12, as 1t 1s written now, Ahmes would have written
it as 2 1/3 1/4. 3 57/42.wou1d have been written 3 1/2 1/6
1/7 1/21 1/4-2.81 o
If a student of mathematios to-day wanted to add two
groups of fractions, say 1/3 I/s and 1/5 1/7, the first step
would be to reduce all the fractions to the common denomin-
ator or 105, When the fractions had been reduced to a common
denominator they would have 35/105 21/105 and 21/105 15/105.,

Adding the numerators the sum of the fractions would be

found to be 82/105.

81 David Eugene Smith, History of Mathematics (Bostons
Ginn and Company, 1925), Vols L1, DpPe 210-13.
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Suppose the Egyptians had had the same problem. To add
the fractlons, they would group a number of things of the
same kind., The Egyptian might take for his number 105 loaves.
He would say that 1/3 of 105 loaves is 35 loaves and 1/5 of
105 loaves 1s 21 loaves, making 56 loaves in the first
group. In the second group 1/5 of 105 loaves is 21 loaves
and 1/7 of 105 loaves is 15 loaves, making 36 loaves in the
second group. In all, then, h 1s share of the 105 loaves
would be 82 loaves. The Hgyptian could not say, however,
that he would receive 82/105 of all the loaves.

To find what part of 105 loaves would make 82 loaves,
Ahmes would take fractional multipliers and try to multiply
105 by them so as to get 82. He might say:

l. . . . . 105
'\2/5.‘. . . 70

1/3. « o o 35

1/30 « « . 31/2
\1/15 P

1/10 . . . 10 1/2

1/5. « « « 21
\1/21 «c .. 5

Totel 2/3 1/15 1/21 B2

The geometric part of Ahmes Papyrus reveals considerable

82 Arnold Chace, "The Rhind Mathematical Papyrus",
Mathematical Assoclatlon of America (Oberlin, Ohlo, 1927),
Vol. I, ps 8.
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knowledge of geometric factswuseful in the determination of
volumes, areas, and line relationships. The section of
migscellaneous problems 1s Interesting because it gives some
knowledge of Egyptlan customs, their method of trading, of
ralsing taxes, of feedlng animals, and of fixing comparative
values of different foods and drinks by the ambuntithat can
be made from a unit of mgterial.85 _ |

. The folldwing‘prdb}éms are problems which have been

teken from the Rhind Papyrus. First is a copy of the

problem as found in the Papyrus (in. hieratic), gecond the
problem written in hieroglypics, third the problem written
in English, and fourth the method used by Atmes in solving
the problem. In reading the problem as 1t 1is written the
first two times, 1t must be remembered that the Egyptians
wrote from the right side of the page to the left. Since
Ahines was left hended, 1t might have been essier for him to

write from the right side to the left.

(1) Z (2) oo

ey o=
A ///\-—7' (YR ]
”ﬂ w
el Hy
"‘—/\ X 1y N lﬁ
X =z | =
(Ahmes hieratic) (Bgyptian hieroglyphica)

(3) Multiply 1/7 by 1 1/2 1/4

83 1pi1d., p. 2
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(4) 1....1/M
1/2 . . . . 1/14
/4 . . . . 1/28
Total . . .. 1l/4 B4

N
e | " =
R U ﬁ? Vo ;??, '
3.7

e T I !
W TERNTTN o s

= W
L\-L.U"“" [ - BRI / L 4 e

ﬁ- : _(I LLL__ 1 et tiqr W

..._-) P

- = X ‘/7"|“' 4 ; woo
L LU [ I R g l:lu’l et E:,ll II" !
. (Ahmes hieratic) (Bgyptian hieroglyplics)

(8) Compare the area of a circle and its eircumscribing
square. - |

(4) The circle of diameter nine The square of sides nine

1. . . 8 setat l .. .9 setat
2 . . .16 setat 8 s+ o« 418 setat
4 . . 32 setat 4 . . 36 setat
8 . . .64 getat 8 ., .72 setat

Total . , . . Bl setatd®
The Ahmes Papyrus was probably used both as a textbook

and as & reference book. Although this one copy waw almost

84 Avnold Buffum Chace, "The Rhind Mathematical Papgrua"
Mathematical Association of America (Oberlin, Ohio, 1927
Vol. 11, Plate 41, Problem ll.

85 1p1d, Plate 70, Rooblem 48
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perfecf when it was found in 1888, nearly 3500 years after
it‘was written, more‘than five hundred pleces and copies of
the‘same papyrus have been found in the various parts of
Egypt. | | |

. Much has)bgen‘written about the mistakes found in the

Ahmes Papyrus. Because of the other possibilities for mis-

tgkes, 1t is not likely that Almes made‘all of them in
éggying the papyrus, There are but a few mistakes in the
ngyrus and most of them are in the numbers. It may be true
thgt Abhmes was an lgnorant scribe, but he understood some-
thing at least of the problems that he copled and may have
ad@gd‘details of his own. It may be that the manuscript
Which‘he copled had mistakes in ite. Corrections in the copy
that is now in phe British Museum may have been made by a
later hand tha‘n‘Ahmes.86 v

| The papyrus roll went through a very interesting process
in its manufacture, Four thousand years ago the people in
Egypt did not know how to make paper. The Egyptians, how-
ever, were very similar to people to-day; If they needed
something which they did not have and which they could not
buy they tried to find something which they could use in the
place of it, Since they had no paper, the Egyptlans experi-

mented until someone discovered the papyruss

86 4rnold Buffum Chace, "The Rhind Mathematical Papyrus"
Mathematical Assoclation of America (Oberlin, Ohlo, 1927),
Voles I, ppe 40-1,
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An unusgal water plant grew in Egypt aléng the Nile
River. Thé same plant wsa found in Sicily énd in Babylonia
Buththe natives of those countries made no use of it. In
manykwayé thls plant was 1like some of the rushes which grew
in the swemps of the United States except that it was larger.
&he4stem of the papyrus reed grew from six to sixteen feet
téll and ﬁas‘as thick as a man's arm at the lower part of the
‘blént.v Thé.stem of the plant was smooth excent near the
‘bottom where the roots branched out and at the top where there
‘was a bunch of leaves formed very much like an umbrella. The
stem was trisngular in shape. The plant is very rare in
Egypt now but some of them may be found in Southern Italy
and in Central Africa.,

' To make papyrus from the plant, the stem of the papyrus
reed was cut in two equal parts. The bark of the plant was
‘removed. The pith which remained was cut ‘into thin strips
by the use of some sharp instrument. The strips were then
placed side by side on a smooth surface, At right angles
with the first strips was placed a second layer of strips.

A welght, probably a stone or some other heavy substance,
was placed on top of the strips of papyrus and the upper sur-~
face was heated. The heat was probably given off by fire
which was bullt on top of the surface. Some people have sald
that the pgpyrus was made where the sun could shine on 1t,
The sun being very hot heated the :upper surface or stone

ag a fire might heat it.
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‘The sap of the papyrus reed was very much like our
glue.‘ When heat was applied the sap became warm and fllled
in all the‘space which mlight be left between the strips.
When the sap became cold, the stone which had been placed

on top of the strips was removed. What at first looked like

several strips of the stem of a reed now resembled a sheetb
of course brown paper. The papyrus was very tough when it
was new, but aé it became older 1t became more brittle and
wes more easlly torn, It was from the word "papyrus" that
the English word "paper" orginated..

The papyrus was made in long strips. It was onvsuch
strips that the Egyptlans wrote thelr books. They used a
ﬁen which was made from a small papyrus reed and an ink which
was made from the sap of different kinds of vegetation. When
the writing was finished the strips were rolled, and for this
reagson they were called papyrus ro11.87 88

Ahmes, no doubt,‘was an ordinary Egyptian lad and pro-
bably received the same education that other boys who were
to become scribes received.

An Egyptian boy remained with his mother until he was
four years old. At that time his education was turned over

to his father. In a book whlch was written about 5000 years

87 Baward Meunde Thompson, "Papyrus", Encyclopedis
Britannica, l4th edition, Vols XVII, ppe. 246~49,

88

Chamber's Hncyclopedia, "Papyrus", Vol. VII, pp.
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ago the following iltems were given which were to be used in

the instruction of a boy:

Be proud of thy learning, but be willing to
learn from all. Treat a venerable wlse man with
respect but correct thy equal when he maintains a
wrong opinion. Be not proud of thy earthly riches

- for they come to thee from God without thy help.
Calumnies should never be repeated. Xeep a con-
tented countence, and behave to thy supseriors with
proper respect, then shalt thou receive that which
1s the highest reward to a wise man; the princes
who hear thee shall say: "How beautiryl sre the
words which proceed out of his mouth".B9

The instructions gilven in the home related mainly to
manners and morals. To 1llustrate the uniform character of
the Egyptian ideas from age to age, the following guotation
is taken from a book that was written something like 1500
Ve ars later than the one just mentioned:

Be industrious; let your eyes be open lest
you become a beggar; for the man that ls ldle cometh
not to honor. Do not go into the house of another
unlegs 1invited; if he blds you enter you sre hone-
ored. When you go into a neighbor's house do not
look around. If you see anything be silent about
it, for to tell otherg sbout it 1ig a crime worthy
of deathe Do not talk too much for a man of many
words 1s not respected. Above all things, guard
your aspeech, for a man's ruin lies in his tongue.
 Man's body is a storehouse full of all kinds of an-
swers; choose the r ight one and express it well,
and let the wrong answer stay imprisoned 1ln your
body. Behave well at meals and be not greedy. Do
not eat bread while another stands near, unlsss you
share with him. One 1s poor, one 1s rich, but the
generous shall always have bread. He that was rich
lagt year may Pe a vagrant next year. Do not sit
while an older person or one holding a higher office

89 (parles H. 3ylvester, editor, Progress of Nations
(Chicago: National Progress League, 1912) 9 vols., vol. I,
pp 14 52"'55 L




43

stands .90

The Egyptians, like the modern people of today, valued
educatlion mainly because of the superlorilty which an educa-
ted man mey possess over a man who does not have an educa-
tion. The;EgyptianUboy who was diligent in his studies might
become & scribe. A scribe was exempt from ell military ser-
vice and, 1f they were very faithful to their work and showed
great ability, they were apt to be given a higher office. |

A boy intended for the career of a scribe wassent to
the,sohpol of the priests when gulte young. Here, even
though he might be of low rank, he was classified wilth the
oh;ldren of the nobles. The children were not passed from
one teacher to another but were taught by the same one until
thgy had completed thelr work. The discipline in the schools
was very strict. A%t an early hour a teacher came to the
boy's bed and shook him very hard and rough until the boy
was awake. The boy would arise and dress immediately and
then begin his studies. The chlld was in class all forenoon.
When the noon hour arrived, the air was filled with the
shouts of the boys who were happy because of their half hol=-
lday. The food for the children was brought to the school
by their mothers. A day's ration conasisted of three rolls

of bread and some beer. Severe punishments were given for

90 1bid, pp. 53-54
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disobeying any of/the rules of the school. At tlimes the
91
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boys were Whipped until they were hardly able to stand,

It was such an education that Ahmes received. Although
ithgs-begnysaid that the scoribe who copled the papyrus was
i};itgrafe, it may be that Ahmes had the best education that

8 young man could have had at that time.
11. BABYLONIAN TABLETS

- Many records of the olden days are those which come
ffom Babylonia. In certain parts of the country of Baby-
lonié.a sdft clay was found. The clay was molded into
tablets or cylinders. Figures were cut out or pressed in
Ehétélay by a sharp Instrument made of metsl or stone. Af-
fer‘the tablet had been written on, it was baked so that 1t
’migbt be preserved. When the tablet was baked, the figures
shrivelléd and flattened into wedge shaped symbols. The
sdholars éalled this form of writing cuneiform, from the
Latin word "eumeus" meaning wedge .92
| Recently a Babylonian schoolhouse was excavated. On
the floor of the bullding were found many slstes which had
‘5een soft clay at the time they were used. When these tab-

lets were filled with writing, the writing was cleaned off

%L Tpida, pp. 54-56.

92 Willis Mason West, The Ancient World (New York,
Allyn end Bacon, 1913), pp. 61-62.
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by scraping smooth with straight-edged scrapers.95

Many times the Babylonlans made what is now called dup-
licate tablets. After the first tablet had been written on
and baked, another coat of clay was plaCed over the first,
The writing which had been placed on the first tlme was then
duplicated on the sccond. In case that there was ever any
doubt about the record on the outside of the tablet or in
case that part of it was broken off, by removing the out31de
layer tkw same record might be found on the inner la;y‘ers.g4
- Each large town had a library building. The library
contained a oollection of clay tablets, cylinders, and bricks
which were covered with cuneiform writing. The ouneifonm
wfiting‘averaged six lines to an’inch. A library recently
discovered contained over 50,000 tablets of the date 2700 BeC.
all neatly arranged in order. Xach tablet corresponds to a
chapter. Each tablet had o libréry number stamped on 1t and
wae catalogued. The tablets were copled by scribes. Some
of them contain a blank space once in a while. When the
scribe could not’make’out a word when he was copying a tab-
let, he would leave out the word entirely and leave a blank
in 1ts place. For thls reason many of the tablets are ln-

complete.95

95 Willis Mason West, The Story of the jorld's Progress
(New York: Allyn and Bacon, 19 y Do 60

94

Ibid., pe 37

o8 Willis Mason West, The Ancilent World (New York:
Allyn and, Bacon, lglb), De 62
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TRQ»Babylonia:nmmbers &8 found on the tablets are very
interesting., The following 1s a list of the f orms used by
the Babylonians for the numbers from one to ten:
» vyvyy yvvry YYY
VTR VIR S ASR LA SR A AR AN S5 S A T4

tesd2 3.4 &£ 6 7 1V 9
In writihg thelr numerals the Babylonians made a slight use
of the subtraction méthod such as 1t is found in the Roman
nmumerals. -When the Romans wrote XIX 1t was the same as writ-
ing XX=I.' The same principle was used by the Babylonlans
about two thousand years before. They wrote 19 £ < Y =v ,
the symbol Y* meaning minus. Many people have wondered
why 1t was written as 20 - 1 rather than 10+ 9. It was
much easier to think of ninteen as belng one less than'twenty
than as being nine more than ten. Ninteen was considered
as an unlucky number by the Babylonians and they never used
it in any of thelr numbers .76

- Very few of the Babylonians could resd and write.
There was no aftempt made to standardize theilr system of num-
bers for that reason. A few of thelr numbers will show some
of thelr general characteristics. The illustratlions are Ifrom
numbers which were used about 2400 B. C.
1 3600
Y1 36,000, that 18, 3600 x 10

98 David Eugene Smith, History of Mathematics (Boston:
«Ginn end Company, 1923), Vol. II, p. 37.
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%Y 72,000; that is, 3600 x (10  10)
Y 4 Y L ¥<{¥{o400
e 10
) Be
~e«¥719;s that is, 20 - 1
. 2«¥]18; that is, 20 - 2
})e=230 1/2; that is, 2 x 60 x 10 2/4 °7
.fThe‘Babylonians Aid some work in geometry. Just how
much is not known. Among the figures that they used are par-
allel lines, a square, a figure with a re-entrant angle, and
an -incomplete figure, believed to represent three concentric
triangles witﬁ their sides respectively parallel. The word
"tim" was used by the Babylonians. The word means "line"
but originally meant "rope". Since the Babylonians used the ™
-word, the conclusion might be that they, like the Egyptians,
used a rope in measuring distances and in the measuring of
angles. It is quite evident that the Babylonians knew how %o
divide the circumference of a clrcle into six ecual parts by
the use of the radius. That this division was knows in Baby-
lonia follows from the inspection of the six sppokes in the
wheel of a royal carriage represented in a drawing found in

the remains at Ninevah.9® fThe Babylonisns knew how to divide

97 1bid, p. 38

98 Florien Cajori, A Higtory of Elementary Mathematics
(New York: Macmillan Company, 1929), pps 40-44.
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the clrcumference of a cirecle into 360 degrees.gg They used
pl equal to three which 1s shown by the problem which gave
the oircumferénoe;of a circie a8 sixty and the diemeter of
the circle as twenty.loo

It 1s interesting to note that the mathemﬂtical liter-
ature of Babylonia seemed Lo Dbe especially rich in algebra.
Théy“ééém to have had a formule which was equivalent to the
modern formula for the solution of a quadratic equation.101
It is ﬁdf known Just what the form of their formuls was.
The‘Baﬂ§lonians considered the two roots of a quadratic.

equation when both of them were positive roots. 0%

- 99 g. A. Miller, "Babylonian Mathematics". Science,
72: 601-2 (December 12, 1930)

100 g, ¢. Archibeld, "Babylonian Mathematics." Science,
70: 66-67 (July 19, 1929)

101 Loe. c¢itbe.

102 g, A, WMiller, "0ldest Extant Mathematics," School
and Soclety, 35: 833-34 (June 18, 1932)




CHAPTER IV
THE GOLDEN PERIOD OF GREEK MATHEMATICS
INTRODUCTION

ﬁgthematics, like all the finer products of the mind,

develops Eést in peéceful surroundings. Greece, the Greclan
towﬁé dnﬁfhe Itallan peninsula and in Asia Minor, and the
small islands of the Aegean Sea were all ideal spots for
such developments from the sixth century B. C. until the
sixth century A. D, In all these places invasion was 4dif-
ficult. Even 1n case of invasion the rewards to the invader
were few.l03

i’ Aboﬁt(the seventh century B. C. a lively commercial
trade arose between Greece, Babylonla, Egypt, and the other
countries surrounding the Meditefranean. An intellectual
interest followed the commerciel trade. The first Greeks
touéhow inﬁgrést in mathematics werekthe Ionian Greeks who
lived in the sheltered lslands of the Aegean Sea and in the
Greek gities of Asla Minor. To this group belonged Thales
Qf‘Milatus. The Ionian Greeks possessed a lively curiosity.
They vislted the land of the pyramlds just ag Americsasn schol-

ars in our time go to European schools to study. Therefore,

103 pavid Eugene Smith, A History of Mathematics (Boston:
Ginn end Company, 1925), Vol. I, p. g%
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even though the Greek culture was not primitive, it commands
our admiratlon. It was under the Ionian aschool that geometry
became a logical and abstract sclence lnstead of a practical
acience as 1t was in Egypt. It was under thelr influence
that the first map of the world was made , 104

The Pythagorean: school followed. the Ionlan school.
Pythagoras, the founder of this school, was a scholar of
Thales who influences him in hls study of mathematics. This
gchool wasg founded in the southern part of Italy. The schdol
grew rapldly and had considerable political power for a num=
ber'of ¥years. This school was not only for the study of
mathematics, natural sclence, and philosophy, but also a
brotherhood which in some ways might approach the Masonic
lodges  This school was the first to believe that the world
was round instead of a flat disk.10%

The Eleans were a group of philosophers who revolted
from the Pythagorean school. The home of thls school was
Eles, a Greek city in Italy. The outstanding man in the
Elean school was Zeno who l1ls remembered for his paradoxes.
Other members of the school were interested in such prob-
lems ag trisecting an angle and the construction of a ocube

whose volume 1s twice as large as a given cube 4106

104 yeya Sanford, A Short History of Mathematics
(Boston: Houghton MiffIn Compeny, 1940), De Do

105 yiorien Cajori, A History of Mathematlcs (New
York: Macmillan Company, 1924), pp. 17-20.

106 yera Sanford, op. cit., p. 8
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During the Peloponnesien War (431-404 B. C.) the pro=-
gress of geometry was checked. All the leading mathematlclans
from the Aegean Islands and Asla Minor emigrated to Athq@E}
Although Athens loast some of its political power it sprang
forward as a'leéder in philosophy snd sclence. The foremost
man in the Athenltan school was Plato. Plato was not primar-
11y a mathematicilan, but he did much for geometry. Another -
man of importance in the Athenean 3chool was Aristotle. He
was a tutor to Alexander the Great. Because of his position
he was able to collect great gquantities of scientific inform-
glon from the countries which were conquered by Alexander.
Although his chief interest was in the application of math-
ematice, he advocated the separation of arlithmetic and
geometry;lov'

- After the deaﬁh‘of Alexander the seat of learning movéd
to Alexandria, a seaport at the mouth of the Nile River found-
ed by Alexender. Ptolemy, who was interested in mathematics
and science, founded the Alexandrian Library, and built
laboratories and museums. The government not only gave funds
for research work but excused citizems from duties to the
state in order that they might aid in educational work. Be=-
cauge of the cheapness of papyrus, Alexandria was the center
of the bock copying. The men whose works were oubtstanding

in the first Alexandrian School were Euelid, whb gummarized

107 plorian Cajori, op. gcit., pp. 25-6.
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all the mathematical knowledge before his time, Eratosthenes,
a librarian at the University of Alexandria, and Archimedes,
who was the first to apply mathematics to mechunics.loa

The second Alexandrian School may be sald to commence
with  the Christian Era. Egypt had been absorbed into the
Roman Empire. Alexandria was still the center of commercial
trade and intellectual learning. Scholars from all over the
world still met at the Alexandrian University. Even though
geometry was still one of the most importatn studies, the
theory of numbers had become the favorlte one. The Romans
wore not interested in Greek mathematics. Clcerc on one oc-
caslon-congratulated the Romans because they were concerned
only in the mathematics which they needed in measuvring and
reckonings The Romans knew so little mathematics that they
were required to employ mathematicians from Alexandria to do
thelr surveying. Diophantus was the last great mathematl-
eian of the Becond Alexandrian School. Boethius, a Roman,
lived just followlng the fall of the Roman Empire. To him
goes the ocredit for fransmitting the knowledge of the Greek
mathematics from the Romans to the Middle Ages.log

The Neo-Pythagorean School, a divislon of the second
Alexandrian School, was made up of philosophers who tried

to revive the teachings of Pythagoras. They fleurlshed in

( 108 1bia, p. 29
109 1p314, p. 45
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Alexandria. Nichomaches was in this group.llo
Although theHWOfks of many 6f the early Greek methe -
maticlang have been lost, thelr iInfluence upon present
mathemﬁticé‘ié very great. If it had not been for such men
ag Thales, Pythagoras, and Eueclid it 1s hard to tell just

what our present day mathemﬂtics might contain.
.12, THALES

The first name which is of importance in the history
of Greek mathematics is‘thap of Thales of Miletus. Thales
was born in Miletus in 640 B. C. and died in 546 B. Co,
ninety-four yers later. Thales gstudled science as well as
mathematics. He spent a great deal of time trying to find
an explanation of the universe. After many years of study,
he declded that the earth was a large flat disk floating
in a large body of water. He also believed that water was
the firat thing in the universe and from it all other things
were made,+1l

During his early 1ife Thales was actlvely engaged in
commerce and also devoted some time to public affalrs.
Thales was regarded as one of the wisest men of his time.

A great many storles are told of his shrewdness and regource-

fulness.

110 71bid., p. 58

111 genry Fackson, "Thales of Militus." Encyelopedia
Britannica, 14th edition, 1929. Vol. 22, p. 12,
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The map shows the location of the cities which are men~
tioned in the next section. The following 1s a list of the
mathematicians, thelr chronological age, and the cities with

»which they were assoclated:

Thales 600 B. C. Miletus
Pythagorasg 540 B. C. Crotona
Pythagoras 540 B. C. Samos
Plato 380 B. C. Athens
Fuelid 300 B. C. Alexandria
Archlimedes 225 B. C. Syracuse
Nicomachus 1 00 A. D, Gerasa
Diophantus a75 A, D, Alexandria

Boethius 510 A, D, Rome
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It seems that Thales owned a large grove of ollve Lrees,
Olive oll at that time was used in the place of soap, for
fuel in lamps, and in the place of animal fab in cooking.
One'yearvélives were very plentiful and Thales was afraid he
would not be able to sell his crop for any great amount of
monéy; The oil was extracted fr&m the olives by means of
presséé.‘ Thales realized that the only way to raise the
price of olive oil was to control the smount of oil put on
the market for sale, It is not known whether he bought or
rented ‘the presses but by some manner he obtained control
over all of them in the country which surrounded Miletus.
Thales was then gble to control the price of olives, the
amount of oil to be placed on the market at one time, and
the“pricé of the oil,11%

Among‘the many stories, whilich have been built around
the legendary wisdom of Thales, 1s the salt and donkey storye
The salt which was used in Asia Minor around Miletus was
brought in from other parts of the country. At one time
Thales had charge of the pack train which tranéported the
salts The pack train was made up of mules, one of which
seemed to be very stubborn., Once when the pack train was
fording a stream of water, the stubborn mule decided to lie

down and roll over. Of course the salt on the mule's back

11z W. W. Rouse Ball, A Short Account of the Hlstory of
Mathematics (London: Macmillen and Gompeny, 1915), pe 14
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became wet and part of it dissolved. The mule reallzed that
the load was much lighter and after that, wheneven fording a
stream, he would lie down and roll over. Thales decided to
break the mile of the hablt. One day whon he was placing
the packs on the backs of the mules, instead of putting salt
in the ‘pack of this one mule, he filled it with rags and
sponges. The animal discovered when his pack became wet that
it was heéVier‘than before. Thalés left the same pack on
the mule for some time and finally cured him of the undesir—
able habit.113

Thales must lwe had one quality of a good scholar--
that of being able to concentrate on different subjects.
Traditibn“tellé that one evening while walking down the
street gaging at the stars and studying them, he was paying
no attentlon to where he was going and suddenly found him-
self falling into a well. Afterward he was taunted about
being so ‘eager to know what was occuring in the heavens that
he dld not know what lay at his feet.l14

This anbcdote has been told in a little different way e
One evening Thales stumbled into = ditch while studying the
stars. An old woman passed by before he had had time to get

up and sald, "How can you tell what is going on in the sky

113 égg, elt.

114 Vera Banford, A Short Hiastory of Mathematiaa (Boston:
Houghton MLEf1in Company, 1930), p. 6.
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if you can't see what is lying at your own feet." This an~-
ecdote 1s often quoted to illustrate one of the impractical
characteristics of philosophers and the absent mindedness of

teachers.ll5

Egypt was a very important country at that time and was
the center of trade for all the surrounding countries. Thales
probably went to Egypt as a merchant and while there studied
geomebtry and astronomy in his leisure time. He was middle
aged when he returned to Miletus and, having become quite
wealthy, he abondoned public and business life. He devoted
the rest of his life to the study of philosophy and science.
He 1ived in Miletus until his death.l16

The value of the work of Thales cannot be measured by
the number of theorems that have been attributed to him.

The value of his work rests on the suppositlion that he used
logical reasoning in the proofs of the theorems rather than
-experimentation. Thales made geomebry abstract rather than
limiting himself to practical epplications such as the Egyp-
tlians had been doing before thié time .1+7 The credit for
the following list of theorems has been given to Thales:

1. Any cirecle is bisected by its dlameter. (This was

115 piorian Cajori, A History of Elementary Mathematics
(New York: Macmillan Company, 1924), D« 48.

116

W. W. Rouse Ball, op. cit., p. 15

117 George Johnson Allman, Greek Geometry from Thales
to Euclid (Dublin: TUniversity Press, 1889), p. 7.
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known before probably but had never been stated
as such.,)
2. The base angles of an lsosceles triangle are equal.
3. When two lines intersect, the vertical angles are
"‘equalg |
4.‘An angle inscribed in a semiecircle is a right angle.
5. The sides of similiar trisngles are proportionsl.
8. Two triangles are congruent 1f they have two angles
and e side respectively equal.l18
It is interesting to note the kind of symbols used for
numbers bj Thales. These numerals are the same as the char-

acters of the Greek (Herodian) alphsbet of that time. Some

of these were:

M X H D AT

10,000 1,000 100 10 5

He used four Straight lines ///! to represent four and ahns
to represent forty. The symbol for five, [' , was combined
with symbol for ten, 4\, to give the symbol for fifty, A
or N 119

In the Metropolitan Museum in New York at the present
time 1s a vase of the period in whieh Thales lived. This

Cypriote vase bears the inscription of the name of the owner.

118 Versa Sanford, "Thales, The First of the Seven Wise
Men ?f Greece", Mathematics Teachers, 23:85-86 (February,
1930

119 rouis Charles Karpenskl, The History of Arithmetic
(Chicago: Rand, McNeely and Company, 1925), pe 1l2.
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Thales
It is not at all impossible that the vase belonged to Thales
of Miletus. Howéver, since there were many men by the same
name, there is a chence that the vase might have belonged to

gome one else.lzo

15. PYTHAGORAS

Pythagoras probably ranks first smong the interesting
figures in the history of ancient mathematlicse No doubt this
is due to four things, namely:
| 1. The mysﬁery surrounding his life.

2e His mysticlam,.

5« The brotherhood he established.

' 4. His mathematilcal ability.

The exact time and place of the birth of Pythagoras 1s
not known. The majority of authors, however, have usged the
date 580 B, C. although some have used 568 B, C, Most auth~
orities havé given the Island of Samos as the birthplace of
Pythagoras. Some say that he was born in Italy and migrated
o Semos with his fabhor when bubt a child. In the British

Museuwn 1n London are a numbor of coins which have been [ound

120 David Eugene Smlth, Hlstory of Mathematlics (Boatons
Ginn and Company, 1925), pe 65, Vole Ie
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on the Samian Island. These coins, which were made several
centurles after the birth of Pythagoras, bear his name and
figure. This would not likely have been the case had he been
born elsewhere. His father was probably a merchant by trade
and an engraver of seals as a side oocupation.lzl

Regardless of his birthplace, time, and parentage,
Pythagoras lived 1n‘stirring times and was one of the great
makers of civilization of his period. At thls time Samos
was the cenber of Greek art and culture, while Confucius was
teaching in China, and Buddhs was spresding his doctrine in
India,

Iittle 1s known sbout the 1ife of Pythagoras. It is
known that he was a pupil of Thales for several years.
Thales persuaded him to viéit Fgypt where he studied Egyp;
tian mathematics and religion., Nothihg is definitely known
about his life after this for several years but it is thought
on hig return from Egypt, hé was aptured b& the Pérsians and
studied with the Magl, the wise men of Persia. Probably he
gspent some time Iin traveling there and studying the religil-
ous doctrines of that country. He.may have traveled in
Babylon, India, and China before his return to Greece ., 122

After returning from his travels, Pythagoras returned to

121 1p1g, p. 70
122 1bid, p. 71
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Samos where he started giving lectures to the young people
of the Island. They seemed to have taken his lectures as a
joke. The govermment was opposed to his teachings, so he
soon went to Slcily with his mother and finally Iocated in
Crotona, a town on the southeastern coast of Italy. Crotona
was a wealthy seaport. This part of the country had a dem-
ocratic form of govermment. The aristocrats were looking
for a leader. Pythagoras soon took this place and before
long hed gathered around him three hundred of the noble and
wealthy men. They established a brotherhood which has been
an example for all secret organizations since that time.
His school woas crowded with enthusiastic audiences. Women
at that time were forbidden by law to attend any public
meetings; nevertheless, they broke the law and flocked with
the men to hear Pythagoras.l23

Among the most attentive listeners at the Pythagorean
school was Theano, the young and beautiful daughter of Milo,
at whose home Pythagoras stayed. In splte of a probable
forty years difference in their ages, they were married,
Theano wrote a biography of Pythagoras but unfor tunely it has
beén lost.194‘

The Pythagorean school was divided into two parts, the

123 W. W. Rouse Ball, A Short Account of the Hlstory of
Mathematics (London: MacmiTlan end Company, L1o91b),; Do I%.

124 1y14, pp. 19-20
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probationers (or listeners) and the Pythagoreans (or mathe
emn tlcians), the latter forming the brotherhood.12® fme
mombers of the brotherhood had all things in common; thet is,
they had the same phllogophical and political beliefs,
bound by oath to the secrets of the brotherhood, ate simple
food, had strict discipline, and their method of living en-
couraged self-command, temperance, purity, and obedience.126
The Pythagorean brotherhood was a mystic cirsle and each mem-
ber was purified from some imeginary guilt. They were super-

.atitious as 1s shown by the following rules which they |
believed would bring greast harm to them if disobeyed:

l. Not to sit on & quart measure.

2. Not to eat beans or the hearts of animals,

3+ Not to stir fire with an lron rod.

4. Not to look in a mirror which was near a light.

5. Not to step across the beam of a balanee.lzvy

LThe bellef of the transmigration of souls which 1s pre-

valent in India to-day is practically the same belief which

Pythagoras held twyenty-five hundred years ag,o.l28 Pythagoras

125 Vera Senford, "Pythagoras." Matheamtlcs Te acher,
23: 186, (March, 1930)

126 W. W. Rouse Ball, Primer of the Hlstory of Mathema-
tics (London: Macmillan and Company, 1927)s Ps 21e

127 New Internationel Enoyelopedis, 2nd edition,
"Pythegoras”, Vole. K1k, D¢ 400.

128 mhomes Little Heath, "Pythagoras.”
Britannica, l4th editlon, Vol. XVII, p. 803.

Enoyclopedia
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led his brotherhood to belleve that he had been on this
earth before but in a different form. One day, when walk-
ing down the road, he saw a man whipping a dog. The dog was
howlingf ’; Pythagoras asked the man who was whipping the dog
to ystop), saying, "It 1s the soul of & friend of mine, whom [k
:’cecogniz‘e“by‘ his voice."®® The same idea was hel@ by the
’g’aptire b;'ptherhcod.‘ The reason that they would eat mnO meat
wag that they were afrald that they might eat the flesh of
some blood ‘_/rfelétive. They were against the sacrificing of
animals. They considered it murder.l30 |
L Shekespeare refers to the acceptance of the bellefs of
VPythagoras and his school of the transmigration of souls 1n
the Merghaﬁt of Venice.
| Thoiu‘.’ ;lmost mak'st me waver in my faith,
To hold opinion with Pythagoras,
Into the trunkes of men.lil oot
The symbol of the brotherhood was five pointed star,
the pentagram, which was probably discovered by Pythagoras.

It was a aymbol of heslth and gymnastics, both of which were

taught in the school.lS®

, 129 ' n i

' Chamber's Encyclopedia, "Pythagoras.”, Vol. VIII,
P 38,

130 phomas 1ittle Heath, op. oit., p. 803.

181 williem Shekespeare, Merchant of Venice (Chicago:
Seott, Fozgesmgn and Company, 1919), edited By Robert Morss
Lovett, p. 12 *

132 pioriaen Cajori, History of Mathematlcs (New York:
Macmillan : Company -, 1924), p. 10.
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All members of the brotherhood were bound by oath bto
secrecy.‘ The only secrets which were revesled were told
by Pythaggras, himsglf. It has been told that one member
became d%sgﬁsﬁed with the brotherhood and. left the school.
After he had‘éone he told many things concerning the schoole
The man was instantly captured by the pythagoreans and was
thrown into the seé’where he was drowned, %9

Pythagoras would allow non¢ on his teachings to be put
into writing. This may have been because the papyrus which
was used in Egypt was not readily available in Crotona,
parchment.had not been invented as yet, and the wax and clay
tablets,/although Pythagoras may have learned sbout them in
his travels; were hardly ussble for such things. The teach-
ings of the brotherhood were, therefore, handed down from
mouth to mouth, The first book containing any of the teach-
ings was ﬁritten by Philolous in 385 g. C. As far as it 1is
known th;is.book 1s not in existence at the present time.
The‘library«in Alexandria which was burned in 47 B, C. con-
tained many ofthe books written by the early writers and 1t
is possible that the book written by Philolous was destroyed
at that time, 3%

Many things gbout mathematics which were not known

Mathematics (London: Macmillel end Company, 1918)5 De

134

Loce. cit,
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prior to this time were added by Pythagoras. Among these
werse:

1. The Pythagorean Theorem which states, "The square
on the hypobenuse of a right triangle is equal to

- the sum of the squares on the other two sides."”

was named for Pythagoras. There is no doubt but
what Pythagoras was the first to discover the proof
for this theorem even though it is commonly believed
that he received the idea while traveling in Egypt.ld95

2e The theorem "The sum of the angles of a triangle is
equal to two right angles or 180 degrees."15®

5+ 'The flve regular solids--the cube, tetrshedron, oct-
ahedron, icosashedron, and dodecahedron.tS?

4. The construction of a rectilinear figure equal and
similer to another figure.158

5« The definitions of many geometric terms. Some of

the definitions used by Pythagoras are still in use

o 185 Jasper 0. Hassler-~Boland R. Smith, The Teaching of
Secondary Mathematics (New York: Macmillan -Eompany,
1950) 9 P 68.

136 Thomas Little Heath, "Pythagoras." Encyclopedia
Britannica, l4th edition, Vol. XVIII, p. 803,

137 David Bugene Smith, History of Mathematics (Boston:
Ginn and Company, 1925), p. 75, Vol.

L]

138 Thomes ILittle Heath, op. cit., p. 804.
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to-day.159

6+ The dlvision of integers into such groups as odd

and even, prime and composites, etc.140

Eilther Pythagoras or his school knew that a plane space
about a point may Pe fillled by six equilateral triangles,
four squares, or three regular hexagons. This fact doubt~
less was inferred as a result of the observation of mosalc
pavements long before thiz time. Pythagoras, no doubt, wes
the first to be able to prove that this was true . +41

Pythagoras was fhe firgt man of whom any record has
been found who believed the world to be round. It 1s not
known why he came to this conclusion but no doubt there were
few people who accepted the belief at that time , 142

There are several storles about the death of Pythagoras.
About 500 B. C. his brotherhood became wmore powerful and
the governmment of the country more democratic. The leaders
of the government decided to do away wlth the brotherhood.
Meeting houses of the brotherhood were sacked and burned.
The house of Milo was among those burned. Fifty followers

of Pythagoras were killed or burned to death at the same

139 1pia, p. 803,

140 Ioce. cit,

141 miorien Cajori, A History of Mathomatics (New York:
Macmillan : Company ., 19%4), D %9.

142 mpomas Little Heath, op. ¢lt, p. B804.
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time. Eome authorities say that Pythagoras was among those
killed,145

Other authorities say that Theano, the wife of FPythag-
oras, was killed in the sacking and that Pythagoras spent
the rest of hls life btraveling. One day he became ill ﬁnd,
although nursed by a kind hearted innkeeper, did not recover.
Before hls death he inscribed the pentagram of his brother-
hood and the motto "A figure and a step forward; not a fig-
ure to gain through oboli" upon the board. Oboli were Greek
coins worth about three cents each in United States money.
The innkeeper hung the board on the outside of his home
where it was discovered several years afterwards by a member
of the school of Pythagoras.144

Two centuries later, 343 B. C., the Senate erected thé
statue of Pythagoras 1n Rome. On the statue were carved the
following words: "To the wlsest and bravest of all Greeks".
The statue was still to be seen in Rome at the beginning of

the Christian era.l?d
[ 14:0 PLATO

Never in all the early history of Greece was there more

143 1p14, p. 802

144 yeopa Sanford, "Pythagores.' Mathematics Tescher,
23: 186 (March, 19505

145 payid Fugene Smith, op. cit., p. 76.
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need of a leader in education than during the time in which
Plate lived. Plato was born in Athens in 430 B. C. Both
his father and mother were descendents of the most distin-
guished familles of Athems. 4® Tittle is known about the
early 1ife of Plato. This is due to the fact that so many
qf the’early records have been lost or destroyed.

Plato's real name was Aristocles. He was surnamed

‘Plate,because of his broad shoulders.l47

It is possible
that he mede his home with a wealthy uncle, his father hav-
ing died when Plato was but a lad. He was well educated for
a youth of that perlod. From his writings a person might
Judge that music and gymnastics were the two branches which
were hls specilalities. No doubt he was well versed in po-
etry, art, and all the culture of his sge.l48 Tradition
tells us that at the age of twenty Plato burned all the pa-
ems which he had written,l4°

For a youth of Plato's birth and endowments, 1t seems
as though politics would have been the natural career.

Plato, however, 1s said to have witnessed the murder of his

teacher, Socrates, by some govermment officlals which turned

146 1big, p. 87.

147 willlem A. Hemmond, "Plato." New Americena Ency-
clopedla, 2nd edltion, Vol. XXII, P. 235,

148 Alfred Edward Taylor, "Plato." ZEnoyclopedia
Britannica, 1l4th edition, Vol. XVIII, p. 48

149 Chamber's Encyclopedia, "Plato." Vol. VII, p. 587,
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him sgeinst loading the 1ife of a politioisn. Plato Left
Athens soon after the death of Socrates and traveled exten-
sively in Greeoe; Southern Italy, Siclly, and even in Egypb
end northern Afriba. - Although one of the purposes of the
visits to:thééé couhtfies may have been commercial policies,
probébly the chief reason wss that he might obtain that
kndwledge Which was avallable in other countries and expec—
ially the learning of the Egyptian priests. Flato no doubt
studied with some of the followers of Pythagoras in Italy,
and 1t was from them that he Learned to appreciate the value
of ééometry. Plato returned to Athens when he was aboub
fdrty years old.lBO

| Acoording to one story, Plato visited the king of
SyraQusekduring his travels, Thils ruler, Dlonysius, was a
Vefy crﬁel man and by many considered a tyrant. Dionyslus,
while convéfsing with Plato, became very much offended by the
freedom of Plato's speech., Not wanting to murder him be-
cause of the disasterous results which might come to him,
Dionysius planned to have Plato captured whlle on his home-
ward journey. Plato was then sold into slavery; hls friends
in Athens soon heard of the plight of Plato and sent ransom

money to have him released.lBl

150 yow Tnternablonel Encyclopedia, "Plato,", #nd edition
Vole XVIIT, ps 713.

151 wi11iam A. Hammond, "Plato". Americana Encyclopedlg,
2nd edition, Vol. XXII, De 209
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Soon after his return to Athens, Plato established a
gchool in-a gymnasium sbout a mile from Athens. The school
was called the "Academy". The name was derived from the
“Qreek hero, Academug, whose home was surrounded by beautiful
gardens and trees.lsz Thls place adjoined the small estate
which Plato dedicated to the use of the school. When Plato
Vdied he left his gardens and other property including the
achool to a group of his followers, organized into a club.
The Athenlan law did not recognize the right of a elub to
own property. The club, not wishing to see the work of
Plato and hils school cease, claimed to be organized for the
worship of the Muses, the patrons of literature and learn-
ing. The name Museum was given to the academy.+93 This was
the firét endowed academy or unlversity. This university
was in‘exiétencé for eight centurlies or until about fourteen
hundred yéérs ago.154 |
| The Academy was the first school to have an entrance
requirement. Thls requirement was carved in & slsb of stone
which was above the main entrance of the school. The re-

- ‘ 155
quirement was "Let no one ignorant of geomebry enter my doors.,"

152 Noew International Encyclopedia, op. cit., p. 713.

153 Willis Mason West, The Ancilent World (New York:
Allyn and Bacon, 1913) pp. 291-9%.

154 yew International Encyclopedia, op. clit., p. 713,

155 yorg Sanford, "Plato, One of the Three Greatest
Athenlan Nemes." Mathematics Teacher, 23: 268 (April, 1930)




Although Plafo'was not primarily sa mathématician, he
'added a great deal to the study of mathematics, Hls theory
seemed to be that evoryone should learn the fundamental parts
of mathematlcs the same as they should learn the alphabet.,
Plato ins1sted upon very accurate definitions in geometry.l56

Plato dled in o049 B, G, s while at the marriesge feast
of a frlend, on his eightleth birthday.t5” His neme has
gone dpwn,in history as one of the most noted scholars of

his day and one of the most influential men of all times.
15, EUCLID

A_"The most successful textbook writer the world has ever
known was Euclid., This is shown by the fact that over one
thousand editilons of his geometry have been.printed since
1482 and his work dominated the teaching of the subject for
eighteen hundred years before that time.158 The geometry
whiclhh is used as a textbook in the state of Kansas at the
present time is only one of a great many geometries which
are in use, .all of them based upon Euclid!s work., It 1s in-~

teresting to compare one of these late geometry textbooks wlth

158 yepg sanford, A Short History of Mathematlcs,
(Boston: Houghton Mifflil Gompeny, L900) Ded e

oo william A. Heammand, "Plato." Americana Encyclopedia
2nd edition, Vole XXII, Do 2005,

18 David Eugene Smith, History of Mathematics, (Boston;
Ginn end Compeny, 1925), pp. l0o-4.
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an English translation of Buclid, such as the Tedhunder ed-
ition.
| Euclid, sometimes called the father of mathematics, was
born about 300 B. C. Almost nothing is known sbout the 1ife
of Eueclid--not even his birthplace, the date of his birth,
fhe dats of his death, or even his nationality. He was
elther a Greek or an Egyptian who studied at the University
’of Alexandria and later taught'there.159

Euclid's teaching was distinguished by fsirness, kind-
ness, gentleness, and modesty. One incident in his teaching
experiénce is frequently related. 1In one of his claéses
Euclid had & lad who had just begun the study of géeometry.
After he had studled the first theorem he asked Euclid whab
he wouldigain by learning all that stuff. BEuelld insisted
that the knowledge was worth acqulring for its own sske but
the youth was not satisfied. Finally Euclid called his
glave and.had the siave give the boy some coppers since the
lad could nog- learn unless he made aprofit from 1£.180  one
day a student asked Euclid if there'was not an easler way to
learn geometry and Euclid replied, "There is no royal road to

geometry "6l He went on in the explanation that the only

159 114, p. 105.

160 ¢, R. Vivian, "Mathematics: A Great Inheritance."
Educatlional Review, 53: 34 (July, 1917)

161 Thomes Little Heath, "Buclid." Encyclopedia Bri=-
tannica, 14th edition, Vol. VIII, p. 802.
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way to master the subject was by hard work.
All treatises at the time of Fuclid were written on

1ong strips of parchment or papyrus. Rach long strip or part
of the trestise was rolled separately and called a "volume",
a word which came from the Latin word meaning "to roil", It
was difficult to hendle these long strips even when rolled.
Soon they were divided into parts or smaller rolls known as
"biblia", derived from "biblos", a Greek word meaning "books",
originally}méaﬁing "papyrus". Because of this we have books
of the Biblé, the books of geometry, the books of Homer, and
. on.lekwy o

| Although he is the authof‘of several books on mathema-
tics and physics, the fame of Euclid at all times has rested
znainiy upon his books on geometry, called the Elements,.
The Elements Wéré made up of thirteen books, but not L1 of
them dealt with geometry; Some of the books dealt with the‘
theory df numbers, and some with algebra., In fact, the El-
ements mighf be called a “general Mathemables". The books
relating to geometry were é collectlon of all the maberial
relating to the subject before the time of Huclid. Many of
the propositions and theorems were orlginal with Euclid, but
it 13 not known how many. In a report of a Comnlttee of the
British Associstion for the Advancement of Sclence (coupris-

ing some of England'!s ablest mathematiclans) in 1887, a

162

David Eugene Smith, op. ¢lt., Ppe. 105
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statement was given which seems to evaluate the work of
‘Buelid. It was as follows: "No textbook that has yot been
produced 1s fit to succeed Bucelid in the position of auth-
ority."163 Tt may be well to admit that BEuclid's Elements
were written in the first place for mature philosophers. It
was soon afterwards used by boys of fourteen. But in those
days it took a mature philosopher to work what some of the
modern high gschool students would consider easy problems.l64
In the Elements were found assumptions with some ox~
pianaﬁion of each, thres postulates, and twelve axioms.,
Although the word "axiom" had been used by Procius before
the time of Buclid, Euclid did not use it. He used instead
"common-notions"--common either to all men or to all sci-
ences. The proofs for the theorems found in the Elements
were very systematlcally arranged. These proofs have been
| the standard formation for sll geometric proofs to this
time. The fact that untll recent years the English trans-
lation of the Elements was used as a textbook, show how

complete the works of Euelid were ,165

163  piorien Cajori, A History of Elementary Mathematics
(New York: Macmillan »  Tompeny, 19247, ppes 67-9%

_ 164 George W. Evans, "Heresy and Arthodoxy in Geometxy."
Mathematics Teacher, 19: 195, (April, 1926)

165 w, w. Rouse Ball, A Short Account of the History of
Mathematics (London: MacmiTllen and Company, 1915), pe o4
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16 . ERATOSTHENES

Eratosthenes was born in 275 B. C. and died in 194 B. C.
He was the librarlan at the University of Alexandria. It was
Eratosthenes who first suggested the calendar which is now
known as the Julian calendar and the one which is in use to=-
day. He. suggested that every fourth year should contain
three hundred sixty-six days. Eratosthenes was also inter-
ested in geography. He was the first to measure the cirocum~
ference of the earth. He measured one degree as nearly
seventy-nine miles on the earth's surface. Using his mea-
surements the circumference of the earth would be about 3925
miles.l66
Eratosthenes was especlally interested in prime numbers.
He constructed a table, called a "sieve," for the construc-
tion of prime numbers. The rule was:
| Write down all the numbers from 1 upward; then
every second number from 2 1s a multiple of 2, and
may be cancelled; every third number from 3 is a
multiple of 3 and may be cancelled; every fifth num-
ber is a multiple of five, and may be cancelled;
and so on. It has been estimated that it would in-
“volve working for about 300 hours to find all Ege
primes between 1 and 1,000,000 by this method.

Upon catching an eye disease which was very common a-

long the Nile River, Eratosthenes committed suicide rather

166 w. w. Rouse Ball, Primer of the History of Mathema-
tics (London: Macmillen and Oompany, L027), De 20+

167 1pnia, p. 26.
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then 1ive a sightless life,>S0

17+ ARCHIMEDES

| HﬂAréhimedeé;*who was the first great mathematiclan to
aﬁbly mathemaﬁids?%o mechanlcs, was born in Syracuse, Sicily,
in12§é‘B; C. end digd‘in 212 B, C. Some biographies of
Agéﬁiﬁédeé Saj that he was a relative, or certainly a friend,
of King Hiero., If he held a public office, which no doubt
would havé béén true had he been a relative of the king, it
is not'khdwﬁ‘fo-day.169 Cicero, wrlting about Archimedes,
s;id that he was of low birth.l7% Archimedes studied at the
Universiby of Alexandris. After his return to sicily he
became & close friend of King Hlero who was his greab ad-
mirer.lvl; o |

Thers is no doubt but that Archimedes did some work in

the Library of Alexandria, and he may have helped collect
the rolls for the lilbrary. This library, which contalned

an unusual collection of rolls and was the largest llbrary

of the andient‘world, was founded by Ptolemy I about

168 Vera. Sahford, A Short Hilstory of Hathematics,
(Boston: Houghton MLffIi¥ Gompany, 1940), Palle

169 Encyclopedia Americana, 2nd editlon, Archimedes.™
Vols II, pe 168 :

170 Florian Cajori, A History of Mathematics (New York:
Macmlillen ~@oémpany .., 1924), De o4

.
1 We E. Rouse Ball, A Short pccount of the History of
Mathematics (London: Maomillan and Compatny, L915), Pa Gds
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300 Bs. Co It grew quickly, and it 1s thought to have con-
tained from 490,000 to 700,000 volumes. The greater part of
the library, whioch contained collections from Greece, India,
‘Rome; and Egypt, was located in a museum. However, part of
the llbrary was in the temple of Serapis. The library waé
‘at the disposal of all the scholars of the world. The ma-
terial in the library was catalogued according to the prin-
eipal theme, such as history, literature, mathematics, etc.,
wlth & blographical sketch of each asuthor.

When Julius Caesar laid seige to Alexandria in 47 B. C.,
the part of the library located in the museum was destroyed
by fire whichfspread from a burning fleet of ships. The 1i-
brary was replaced by the part of the original library in
the Temple of Serapls and by the collection of rolls given
to Cleopatra by Mark Antony. The new library was placed in
the Temple of Serapls. The fate of this part of the 1ibrary
is not known. Some say that when the heathen temples 1iIn the
Réman Empire were destroyed in 391 A. D. the Temple of Ser-
apls was not gpared 1in srite of 1lts great value. Others say
that 1t was destroyed by the Arabsgs when they ceaptured and
burned = parﬁ of the city of Alexandrla. This later story
has been digeredited by mosgt authoritiles wﬁo belleve the 11«

brary was not in exlstence at that time.172

172 Chember's Encyclopedias, "Alexandria, Library of",
Vol. I, pe. 131,
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If the Alexandrien Library were in exlstence today, so
meny things which are uncertainities could easily be settled.
The translations of the rolls and teblets would extend our
knowledge;of anqient works in literature, mathematics, scl~
ence, and other subjects. No doubt some of the lost arts of
the older dajs might be r ecovered.,

Archimedes discovered the principle, "that a body im-
méfsed in a fluld loses as much in weight as the Weight of
an eQual volume of fluid," which is one of the fundamental
principies in ph&sics to=day. King Hiero had had a crown of
gold dee; The crown was to be used as a sacrifical offer-
ing %o fhe’Gods. The king had ordered that the crown be
made of pure gold. When it was brought to him, the king
suspectéd that’perhaps the goldsmith had fraudulently added
too much alloy or cheaper metal to the gold. The king asked
Archimedeé to find out wheﬁher or not his suspiclilons were
true. Archimedes was somewhat troubled about it. It was an
entirely néw problem about which to think and naturally he
was anxlous to piéaée the king by solving 1t. One day while
bathing in one‘of’the public baths in Syracuse, he suddenly
jumped from the pooi and hastened home, still undressed. As
he ran through the streets he cried out "Eureka!l BEurekal I
have found itl I have found 1t1"175 No doubt 1t gave

‘173 Re R. Vivian, "Mathematics: A Great Inheritance."
Educational Review, 53: 34 (July, 191%7).
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Archimedes great joy to solve such problems,

King Hlero had a ship built for commerclal purposes.
After 1t wes filnished they discovered it was so large that
they could not launch it In the sea from the frame in which
1t was bullt,  Archlmedes was called to the king and asked
if he could contrive some means by which the ship could be
launched: Archimedes bullt a machine which was used in the
launching of the ship but no description of the machine 1is
avallable to«day. When being congratulated upon his inven~
tion, Archimedes made the well known remark, "given the place
to stand, he could move the earth“.174 This is sometimes
quoted as "give me a fulcrum end I will move the world®,+75

While Archimedes was studying in Egypt he spent some of
his leisure time alorig th® Nile River watching the Egyptien
slaves trying to drailn some of the low land. In other sec-
tions the slaves were carrying water from the river to irri-
gate some of the fertile land which needed only water to
make 1t produce large crops, All the dralning and irrigating
was done with such difficulty that Archimedes started to work
on something which would be of benefit to them, The result
of his labors was the prchimedes'! Serew, It 1s still used

to~day, especlally In Holland, for the draining and lrrigating

174 Thomes Little Heath, "Archimedes." Encyclopedla

Britannics, 14th edltlon, Vol. II, De 269.

‘ 178 Ee W. Brown, "gistbory of Mathematicse" Scientific
MOnthlg, 12: 392 (May, 1921)0
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of land 176"

Many legends are told sbout the different inventions of
Archimedes, but the validity of some of them has never been
¢stablished., ' In fact some of them sre slmost fantastic.
Among'tthé‘iﬁ a legend which tells that a fleet of war ves-
gels was in the harbor of Syracuse with the plan to capture
the clty. Archimedes with the use of mirrors snd sun glasses

set fipe to the ships,t’!

Another story tells that Archi-
ﬁéﬁes invéﬁted a war engine which was used during the time
the Romsns were trying to capture Syracuse. The engine could
hurl rocks and other sharp mlssiles a very great distance
and ﬁokany“lbcation desirable terrifying the Romans to such
angéxtent that they soon left the harbor of Syracuse.l78
This is of course very possible and 1t l1s known that the
Romans used a similar machine later in theilr warfare.

There are three storles about the death of Archimedes,
Ali of them are similar snd no doubt started from one storys
One 6f theathiee‘stories relates that Archimedes was on the
seashore working with some of his dlagrams. He was so in-

tent on his work that he dldnot notice that the Romans had

entered tle ciltys. A soldier approached Archimedes and asked

178 New Internationsal Encyelopedia, "Archimedes! Screw,"

17
W . We Rouse Ball, A Short asccount of the History of
Mathematios (London: Macmillan end Company, 1915), Pe 60s

178 Vora Sanford, A uhort Hlstory of Mathematics (Boston:
Houghton Mifflin Company, > Do I%
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him to report to Marcellus, the Homan general who had taken
charge of Syracuse. Archimedes refused to do so0 until he
had finished the prdblem on which he was working. The sol-
dier then drew his sword and killed Archimedes.l’9

A second story tells that ms Archimedes was sitting by
the seashore drawing plcbures in the sand, & soldier came and
stood by him for s time unnoticed by Archimedes. After some
time the soldier, probably because he was attracting no atben-
tion, began to destroy the figures with his foot. Archime-
des remonstrated and asked the soldier not to destroy his
work..‘Thé'soldier was an independent fellow and, when asked
not to destroy the figurés, became very angry end killed
Archimedes, 180

According to the third version of the story, the sol-
dier, after watching Archimedex work with some of his instru-
ments, asked him to take them to Marcellus who was much in-
terested in such things. Archimedes loaded his arms with
spheres, angles, dials, ahd other instruments and started
down fhe road toward the Roman encampment where Marcellus
had his headquarters. Archimedes was proud of his instru~
ments and always kept them polished. Some of the soldiers,

who were on guard, saw Archimedes approaching. As the sun

17
° Te L. Heath, The Works of Archimedes (Cambridge:
University Press, 18977, p. xviily

180 gnoyolopedia Americana, 2nd edition, "Archimedes."
Vol. II, p. 169.
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shone on the Ilnstruments which he was carrying, they appearsd
as 1f they were made of gold. The soldlers, tempted by the
opportunity to obtaln so much gold, killed Archimedes. As
the soldliers started to leave, they were caught and t aken to
Marcellus. 81

‘Whether or not any of these legends are “true, 1t is
known that Marcellus was greatly grieved when he learned of
the death of Archimedes and had a tombstone erected to his
memory. On .the tombstone was placéd a cylinder with a
sphere inscribed in it. This was symbolic of the relation-
ship Archimedes haé‘found to exist between the two figurss.
The people of 'Sieclly soon forgot that such s man as Archi-
medes ever existed. Soon brush and weeds were allowed to
grow around the tombstone, which was eventually hidden from
gsight. About one hundred fifty years later Cilcero, whlle
ruler of Siclly, wandering about the city one day, noticed
the thicket and wondered what 1t might hide. Thus he found
the tomb of Archimedes and he had 1t restored to good condi-
tion,182

Archimedes wrote several books. The most important
among, these were three on plane geometry, thres on solid geo-

183

metry, and one on arithmetic, and three on mechanics. In

181 1, 1, Hemth, Op. cit., p. xviil

182 mhomas ILittle Heath, "Archimedes." Eneyclopedia
Britannica, l4th edition, Vol. II, p. 269.

183 piorien Cajorl, 4 History of Mathematics (New York:
Macmillan Company, 1924],7pv 34,
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1906 Professor Helberg found In a museum in Constantinople

a manuscript written by Archimedes on some geometric solu-
tions. ﬁpon examining the work and having 1t translated, 1t
was. understood why a problem with its solution was too deep
for ﬁhe‘ordinary mind to solve.18% oOne of the important
ruigs whiqh‘Archimedes used in the solutlon of his problems
was that{pi was less that‘s 1/7 and greater than 3 10/71.185
Ig his arithmeticjknown by 1ts Latin hene, Arenarius ( sand-
regkonep), Arechimedes tried to express the amount of sand
wirich it would take to f1ll the universe. This work has
given rise to Qhe idea that Archimedes invented a new and
powerful system of notatlon, all knowledge of which perished

with the work itself.l®®

18, NICOMACHUS

Niecomachus, a Jew, was born at Gerasa about 100 A. D.
Gerase was probaply located where now 1s found the modern
town Jerash, filfty-six miles north east of Jerusalem. Hico-
machus was a mémber of the NQOpythagoreans,.an orgenization
of pfominent men who lived in Alexandria and who were trylng

to revive the teachings of Pythagoras.A He probably lived in

184 144, p. 35

185 g, w. Rouse Ball, Primer of History of Mathematics
(London: Maemillan and Compeny, 1918), p. 22

186 plorian Cajori, op. cit., p. 29
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Alexandria for some time working with the organlzation and
studying their beliefs.t87

The period in whlch Nicomachus lived was a period of
' decay for the intellectual world. If it had not been for
the fact that Nicomachus did something which had not been
done before, his name would no doubt have been forgotten.
Several men before this time had done much work in arithme-
tic, but none of them had pald muich attention to what had
been worked out befors them. Nicomachuswrote a book on
arithmetic in which he summarized all the exlsting knowledge
of the subject. He must have spent a long time in collecting
it and organizing'it in a systematic order. Because 1t was
the best book in arithmetic st that time, it was adopted as
a textbook inlé)few remaining schools. Bosethius tranglated
the book from the Greek, in which it was written, into La-
tin. The same book was used 1ln the European schools, eg-
pecially the church schools, until near the close of the
seventeenth century and was the only book on arithmetic until
the close of the twelfth century.lS®

One of the things of interest which Nicomachus had in
his arithmetlc book was his method for finding cubes or num-
bers. According to his method the cube of any number 1is

equal to the sum of successive odd numbers. For example the

187 . : ton:
David Eugene Smith, A History of Mathematics (Boston:
Ginn and Company, 1926), Vol. I, pp. %27:28.

188 1p14, p. 128-29.



85
following cubes might be given:
8 x2° a34+5
87 £ 3° a W40 4 11
1B 4 15 4 17 + 19

64 = 4%

125 = 5 189

Rl + 23 + 256 + 27+ 29

If the students in arithmetic today were to study the
book written by Nicomachus, there would be little doubt that
they would find 1t very Aaifficult to read. This may be
judged by the following quotation:

It comes sbout that even as falr and excellent
things are few and easily enumerated, while ugly and
ovll ones &re wldespread, so also the superabundant
and deflclent numbers are found in great multitude
and irregularly placed------~ but the perfect num-
bers are easlly enumerabted and arranged in sultable
rorders for only one 1s found among the units, 8,
only one among the tens, 28, and a third in the
ranks of the hundreds, 496, alone, and a fourth
within the limits oi Bhe thousands, that 1s below
ten thousand, 8128,.19 |
The above quotation 1sa bout one-tenth of the discus-

sion on perfect mmbers. By reading and summarizing the
quotation, the definitlon of a perfect number is one which is
equal to the gum of its aliquot parts. The first perfect
number 1s six because it is the sum of its aliquot parts;
namely, one, two, and three. Numbers, whoss aliguot parts

when added exceeded the number itself, were called abundant

189 Florian Cajori, op. cit., p. 32

190 1ouis Charles Karpenski, The g%story of Arithmetic
1

(Chicagos Rend MeNally and Company, 5), pps 16-17.
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or excessive numbers. Take for example the nuwmber twelve.
The aliquot parts arg one, three, two, four, and six. These
aliquot parts added togbther make sixteen which is larger

than the origlnal number twelve.lgl

19. DIOPHANTUS

In spite of the fact that Diophantus was one of the
greatest of all Greek mathematicians, the only things which
are known about his life are found in a curious problem
found in the Greek Anthology which dates back to the fourth
céntury. According to this problem Diophantus'! boyhood
lasted one-sixth of his 1ife, his beard grew after one-
twelfth more, after one-seventh more he married, five years
later-hls son was born, the son lived to be half of his
father!s age,~and the father died four years after his sonl92
If the problem is authentic, the algebra student can easily
find that Diophantus lived to be elghty-four years old. It
is not known where he went to school. If he went at gll,
1t 1s not known who his teachers were, what interested him
in mathematics in the first place, or what books he had a
chance to read.

Although Diophantus wrote three different worka, the

1ol G. A. Miller, "Widespread Error Relating to Greek
Mathematies." School and Society 18: 621 (November 24, 1923)

lgszhomas L. Heath, Diophantus of Alexandrla (Cam-
bridge: Unilversity Press, Igﬁﬁj, Pe Be
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most important one was Arithmebica. The Arithmetics con=

sisted of thirteen bo.olfcs. All of these have been lost with
the eﬁc‘ée‘p'tion of s.ix.‘lg3 In these books Diophantus brought
togethef)ailvof the knowledge which the Gresks had of alge~-
brs..19.4 ‘A]’.though he had many sources from which to draw his
material,‘ﬁhefé iswno doubt but that Diophantus made many
contriﬁutibns himSelf. The people who had written about
algebra before had used words instead of symbolg. Dlophan-
tus could see no value 1in this practice so in his books he
used the first symbols of which there is any record.195
A was the symbol he used for subtractionl®fda L the ‘gymbol

he used for "equals". 197

Diophantus was the T irst to use coefficients and expon-
ents in an sbbreviated form. He wrote X2 as S° oy x5 as K?,
4 as S3° , X0 as 5/‘(7; , and X as /{/{?.198

‘The following paragraphs are the paragraphs used by
Diophantus in thé front of his Arithmetica for the dedicaslon

193 thomas Little Heath, "Diophantus." Encyclopedis -

Britannica, 14th edition, Vol. VII, p. 400.

194y, w. Rouse Ball, A Short Account of the Histo% of
Mathematics (London: MecmiTlan and Company, 1915) 47

195 yopra Sanford, A Short History of Mathematios (Boston:
Houghton Mifflin Gompeany, 1930), p. 143.

196 114, p. 149
197 1pig, p. 163

188 yar1 Fink, A Brief History of Mathematics (Chicasmo:
Open Court Publishing Company, [g@%), p. 65,
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of the book:

- Knowlng my esteemed frilend, Diophantus, that
you are anxious to learn how to investigate pro-
blems in numbers, I have tried, beginning from the
foundations on which the science is bullt up, to
set forth to you the nature and power subsisting
in numbers.

Perhaps the subject wlll appear rather dif-
ficult, inasmuch as it is not yet familiar (be-
ginners are, as a rule, too ready to despair of
guccess); but you, with the impulse of your en~
thusiasm and the benefits of my teaching, will
find 1t easy to master; for eagerness to learn,

when siconded by instruction, instures rapid pro-
gregs. 99 4

20. BOETHIUS

Anicius Manlius Severinus Boethius was born in Rome
about 475 gnd died in 526. Boethius belonged to a family
which for the two preceding gensratlions had been esteemed
one of the most 1lluétrious in Rome. He may have been edu-
cated in Athens as he seemed to be familiar with Greek
literature and seience.<9?

Although Boethius liked to write, he reslized that if
he followed the career of a writer he probably would not be-
come prominent in the affairs of Rome. He becams a politi-
cian and was soon a favorite of King Theodoric. Boethilus

took advantage of his posgsition to reform the coinage system

199 Thomas Little Heath, Diophantus of Alexandria
(Cembridge: TUniveralty Press, 19.0), Ds 129.

200 Chamber's Encyclopedia, "Boethius.," Vol. I1I,
p. 185.
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of Rome gnd he Iintroduced sun dials and water c¢locks for
public usge 201

During the time in which Boethius lived, the public
officials of Romé were in the hablt of plundering the homes
and land of the people for whatever they might want. Boe-
thius was very much opposed to this custom and fought
against it.  This brought the hatred of the court upon him,
and one time when he was absent from Rome, he was sentenced
to death. Hé was found in a church in Ticinum and was cap-
tured. His captors placed him in the baptlstry of the church
and tortured him by drawing a rope around hig head until his
eyes were forced out of thelr sockets and then they beat him
to death with clubs.202

After his death the church said that Boethius was a
martyr and consequently his works were considered authentic.
The public recognized his worth and later.the state erected
statues in his honor.?03

.fhe Romans generally; unlike the Greeks, were not in-
terested in abstract mathematics. They were matter-of-fact

people, interested only in enough mathematics to satlsfy

thelyr few immedlate needs. In philosophy, poetry, and art,

201 w, w. Rouse Ball, A Short Account of the History of
Mathematics (London: MaemiTlan and Company, 1515), D. 57

202 71pid, p. 132

203 Vera Senford, A Short History of Mathemntics
(Boston: Houghton MiffTiW Company, 19450), Ds 1oe
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the Romans were imitators. But In mathematies they did not
éven rise to the desire of imitation. As a consegquence, not
only tha gsometries of Archimedes and Apollonius, but even the
Elements of Euelid were neglected. What 1ittle mathematles
the Romans possessed did not come altogether from the Greeks,
but came in part from more ancient sources. Exactly where
and how some Qf it originated is a matter of doubt. It
seems as thoﬁéh the "Roman notation" and the early practical
geometry’of the‘Romans mey have come from the old Etruscans,
who inhabited the disgtrict between the Arno and Tiber Rivers.
It has been sald that the Etruscans kept tracit of the years
by dfivin@ a ﬁail into a statue of Minervs whenever a year
elapsed and that the Romans contilnued this practice.204

At one time during his reign, Julius Caesar desired to
have the Roman Empire surveyed ln order to secure a better
division of thé taxes. Thelr own people in Rome could not
make the survey . Mathematiclans were called from Alexandrila
to de the work. Caesar reformed the Romanf:alendar, but, to
do so, he secured the services of the Alexandrilan astronomer,
Sasigenes.205

Boethius was almost alone in experlencing any great in-

terest in mathematics in Rome. He must have studied the

204 Florian Cajori, A History of Mathematles (New Yorlk:
Macmillan «@ompeany s 19?4), De 634

205 1h44, pp. 90-91.
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- works of the Greek mathemsticians quite thoroughly. The

greatest work of Boethius, Consolation of Philosophy, was

written while he was in prison. He wrote Institutis Arith-

 metic, which was essentially a Roman btranslation of the
workyqf yicomachus. Boethius also wrote a Geometry, which
wes made up dfvseVeral books. The first book, being based
on Euciid's Eiements contalned definitions, postulates, and
axioms as well as the theorems of the first three books of
Euclid. The proofs for the theorems were not given. The
second book taught by numerical examples the mensuration of
plane figureé.goa |
A part of the Geometry of Boethius was given to the

abacuq, which he attributed to the Pythagoreans. Boethius
introduced a grgat.improvement 5o the old abacus. He dis~
cgrded'pébbles ahd’"apicis” (probably small cones) were used.
Boethius d1a not mention the symbol, 0, in his works.#07

| Another of»Boethius‘ works was a book on music. Nusie
at that“timékwagvranked as a part of mathematics. This book
was used as a textbook by Oxford untill the present century.

The other books of Boethilus remained standard textbooks for

seversl centuries.208

206 pgvid Rugene Smith, & History of Mathematics (Boston:
Ginn and Company, 1985), pp. L78-0.

207 Florian Cajorl, op. clt., pp. 67-8.

208 Encyclo@edia Britannica, "Eoethius.", 1l4th edition,
Vol. III, p. 777.




CHAPTER V
HINDU ARARPIC MAYHEMATICS
INTRODUCT ION

Soon aftgr the decadence of the Greek mathematical re-
search,\th@vHindus began to display brilliant méthematical
DPOWETrs. In;geometry the Hindus were even weaker than the
Greeks had been in algebra and arithmetic. However, it was
in the fleld of algebra and arithmetic that the Hindus
seemed to do thelr greastest work., It 1s certain that part
of the‘ﬁindu;pathematics was Influenced by the Greek mathe-
matics, but just how much is hard to say. The Chinese in-
fluence may have bepn:felt at a later perdlod. Indla had
several great mathematiclans. Among the most important
ones are Arysbhata, Mshavira, Brahmagupta, snd Bhaskara.
These Hindu writers created a rhetorical algebra and epplied
it to the solution of equations. They made trigonometry an
adjunct to astronomy.zo9 They seem to. have invented numerals
which developed into the Hindu-Arabic system and the Zero
which made the place value possible. Like other things, the
Hindus probably did not realize the value of thelr numbep
system. The symbol‘for zero, itself, was not invented until

after the idea of a zero had become common property. The

209 'w, W, Rouse Ball, Primer to the History of Mathema-
tics (London: Macmlllan and Compatny, 1927), Ds 41e
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names of the men who first started using symbols are not
known. It wasn't unfif éfter'the numersals had been in use
several centuries that thé history of mathematics in India
reached guch a\stagerthat the names of the most lmportant
contributors td the field of mathematics were found,<L0

The Arabs;eaiyied on a commerclal trade with India.
The introductién of the Hindu science into Arebis probably
took place neaé the close. of the eighth century. They
adopted the Hiﬁdu decimal gystem of numeration. The sci-
entific works of the Greeks were accessible to the Arabs and
before the end of the niﬁ@hf:entury the works of Euclid,
Archimedes, and other Alg#aﬁdﬁian writers were being- trans-
laﬁed under the authority"bf ﬁﬁe caliphs. Al Khowarizmi
was one of the Arabs whose works has come down to us at the

present time,gll
21, ARYBAHATA

The first of the great Hindu mathematicians, Kryabhata,
was born at Kusumapura about 475 and died about 550. Kusu-
mepura is not far from the present town of Patna on the upper
Ganges River,

It 1s quite evident that Aryabhata did his writing near

210 Vera Sanford, A Short History of Mathematlcs
(Boston: Houghton MiffTin Company, 1030), pe 14

21l w. w. Rouse Ball, op. elt., p. 41,
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The map shows the location of the clties which are men-
tioned in the next section. The following is a list of the
mathematiciens mentioned, their chronological age, and the

cities with which they were associated:

Aryabhate 510 Patna
Brehmagupta 628 Ujjein
Mah@vira 880 Mysore

Bhagkera 1150 Ujjain
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the ¢ity of Patna, for at the beginning of one of his works

these words are found,

Having peld homage to Brahma, to Earth, to the
moon, to Mercury, to Venus, to the Sun, to Mars, to
Jupiter, to Saturn, and to the constellations,
Aryabhata, in the City of Flowers, sets for the
sclence ‘venerable.

The Clty of Flowers 1s one name which has been given to the

town, Patna.®12 @

The chief work of Aryebhata is Arysbhatiya which is writ-

ten entireljfih‘veTSe. The book has never been entirely
trenslated. The language used in 1t 1s not easily understood,
and 1t Lis 80 different from the Hindu languagé uged to-day
that no one has been: able to translate 1t. The book is div-
1ded into four parts, the first three being devoted to as-
tronomy and trigonometry aend the last to algebra, geometry,
and arithmetic.213

Aryabhata's work shows that he understood quadratic
squations.®14 " Tn the part given to arithmetic, when one
-number was to be added to another, the first number was
placed after the second without any particular sign. The

same thing was true of subtraction except that the mmber

212 David Fugene Smith, History of Mathematics (Boston:
Ginn and Company, 1925), Vol. I, pp. 1b4~b5. (Clting,
"Tecons de Cabcul d'Aryabhata’ Journal Asiatique, 13: 396)

213 . W. Rouse Ball, A Short Account of the History of
Mathematics (London: MacmiTllan and Company, L915), De L47s
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to be subtracted had a dot placed smbove it. The powers of
numbers algo received spécial attention,<l5

' second power is vargs or va
third power is ghana or gha
fourth power is va-va
o f1fth power if va gha ghata
sixth power is va gha
seoventh power 1is va va gha ghatea
(ghata meant addition)=16
- Several geometric rules were given by Kryabhata, most
of which were imperfect as far as statement was concerned,
The rule which he gave for finding the area of an lsosceles
triangle was correct. His rule was "The area produced by a
trilateral is the product of the perpendicular that bisects
the base and half the base."™17 The rule which Aryabhata
used for finding the value of pl gives the value correct to
a number of places. This may have been accidental, however,
as in other perts of his works he used the valué of pl as
three or the square root of ten. To find the value of pi,

Arvabhata added four to one hundred, multiplied the result

215 plopian Cajori, A History of Mathemstics (New York:
Macmillan s’ "o U, 19§4), De 984

216 Karl Pink, A Brief Higtory of Mathematics (Chlcago:
Open Court Publishing Company, 1903), pe 72

217 pavid Bugene Smlth, Histo of Mathematics (Boston:
Ginn and Company, 1928), Vol. I, pe 1
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by eilght, and added 62,000 to this product, giving as a

result the epproximate value of the circumferénce of g circle

whose dismeter is 20,000,218
22. BRAHMAGUPTA

Brahmagupta, who was born in 598 and died in 660, lived
at UjJain, the site of the great astronomical observatory in
Centréiﬂlndié;katréhe age of thirty e wrote a book on as-

tronomy,‘Bréﬁmésidhéhta, (meaning Brahma Correct System),

which contained twenty-one chapters. The prrt of it devoted

to algebra was called Kutakhadyaka, which Mo ens pulverizerzlg

Somevof_the,more important things found in his works
are: o

l. x inkthe’équation x2 px - q = O 1is found by the

formula x =op°+ 4q - p 820
2

2., The area of & guadrilateralis found by the formula

A z7(s-a) (s-b) (s~c) (s-d) where the sides are

Ja, b, c, and d and the perimeter of the quadrilateral
divided by 2 is s. This formula bolds true only if
‘the quadrilateral can be inscribed in a cirele.22l

3. He found'fhe valué of pl correct to seversl places

218 Loo. oit.
219 1p44, p, 158.
220 1bid., p. 169.

‘221 Karl Fink, A Brief History of Mathematics (Chleago:
Open Court Publishing Company, )5 pe 216,
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bubt never used it,°%2
The Hindu mathematicians were noted for their imprac-
tical, fanclful problems stated in the most flowery phrases.
In this respect Brahmegupta was like the other Hindu mathe-
maticians. . The following are two of the problems which have
been attributed to him:

\ Ontop of a certain hill live two ascetics.
One of them being a wigzard, travels through the air.
Springing from the summit of the mountain he as-
cends %o a certain elevation and proceeds by an
oblique descent diagonally to a nelghboring town.
Thelr journeys are egual. I desire to know the
distance of the town from the hill, and how high
the wizard rose.?

A cat gitting on a wall 4 cublts high, saw a
rat provwling 8 cubits from the foot of the wall.
The rat too perceived the puss and hastened toward
its abode st the foot of the wall: but it was
csught by the cat proceeding diagonally an equal

distances In-what point within the 8 cublts was
the rat caught?<24

23+ AL-KHOWARIZMI

Al-KhowBrizmf, whose full name was Ab{l Abdallf€h Mohem-
med ibn M{is® Al-Khowfrizmf (meaning Mohammed, the son of
Musa~--of Moses—-fidm Khowarizm, a locality south of the Black

Sea) was the first notable suthor of mathematical books.

222 w. W. Rouse Ball, A Short Account of the History of
Mathemstics (London: Macmillan and Company, 1915), D %EQ

R2S David Fugene Smith, op. cit., p. 169

224 yera Sanford, History and Significance of Problems

in Algebrs (Boston: Houghton Mifflin Company, 1925), p. /6.
TCiting: "Brahmegupta." Colebrooks trenslation, p. 510)
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Very little is known of the 1ife of Al=- Khowﬁrisz He was a
native of Ehwarezm, the country in which 1s now located the
city of Khiva. He was also engaged as librarian by the ca-
iiph, Al-Mamun. Part of his duties were to revise the tables
of Ptolemy, to take observations at'Bagdad and Damascus, and
té work on the measuring of a degree on a meridian of the
earth. A1~Khow§rizm£baccompanied 8 mission<t6 Afghanistan
and possibly returned to his native country by the way of
India .22

Although an astronomer and the author of several as-
tronomidal tables, and works on sun dials and chrohology,
Al-Khoﬁarizmi 1s best known for having written the firast book
bearing the neme "algebra", a treatise based upon Greek mod-
els, and in Whioh the Hindu numerals were used.o<® The

title of the algebra was 'ilm al-jabr wal mugabalsh, meaning

the "science of reduction and cancellation" or referring to
the fact that the same magnitude may be added or subtracted
from both sldes of an equation without changing its value.
In the book of Al-Khowﬁrisz, the unknown guantity is termed
either as "the thing" or "the root of a plant". It was from
the latter ﬁerm that our usze of the word root, as spplied %o

the solution of an equation, is used.227

226 W. W. Rouse Ball, op. olt., pp. 155-86.

226 Charles Pomery Sherman, "The Origin of Our Numerals,"

Mathematics Teacher, 163 398-401 (November, 1923)

227 . W. Rouse Ball, op. cit., p- 1B7.
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The work of Al-Khowdrizml ig divided into five parts.
In the first part he’ gives rules for the solution of the
quadratic equation.  Although Al-Ehowfrizm? considered only
real and positive roots, he recbgnized the exlstence of two
roots, which as far ;’as i1s known was never done by the Greeks.
In one part of his b:;ook Al=Knhowrizm? solved some problems,
- such, for example, ;és to find two numbers whose sum ls ten
~and the difference of whose squares i% forty.2&8

One of the interesting things given by Al-Kwordrizmi
was the geometric proof for an equation such as x2 + 10x = 39,
or any equetion of the form X + px = g.» To do this he let
AB represent the value of x and constructed the square ABCD
on it. (See the figure below). Then he extended the line
DC to F end the line AD to H, making AH z CF = 5 or 1/2 p.
The figure was then completed as drawn below. Then the aresas
~of ABCD, AHKB, and CBGF represent respectively the magni-
tudes xz, 5x, and 5x. Thus the left side of the equation 1s
represented by the sum of the areas of ABCD, HKBA, and BGFC.
To both sides of the equation the area of the square XLGB,
the area of which 1is 25 or 1/4 pe was added. The new square
has the area of 39 + 25; that is, to 64 or ¢+ 1/4 p*. A
side of the new square ls therefore 8. The aide of the square
DH will exceed AH, which is equal to 5, by the value of the

unknown réqu\ired, whioh is therefore ::3.229

228 1pid, pp. 151-158,

RE9 ‘ Hatory of Mathow
W. W. Rouse Ball, A Primer of the History ;
matics (London: Macmillan and Company, 1927), PPs 4347,

40D
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24. MAHAVIRA

Mahavirdcérys, Mahavira the Learned, was the third of
the great Hindu writers. ﬁe probably lived in the court of
the monarchs or kings who ruled over what 1s now the native
state of Mysore. The king's name is given as Amoghavarsha
Nirepunga. Tt may be that Mahivira knew of the works of the
other two Hindu writers, Brahmagupté and Arysbhata, and
tried to improve upon their works.

The work of Mahavirs, Ganlta-Sara-Sangraha, begins with

a sslutation of a religious nature. This was not unusual
with Oriental treatlses. In this case the words are addres-
ses to the authors patron saint, the founder of the religil-
ous gect of Jainis (Jinas), a ontemporary of Buddha. Thus:
Salutation of Mah&vira, the Lord of the Jinas,

the protector (of the faithful), whose four infin-

ite attributes, worthy to be esteemed in (all) the

three worlds are unsurpassable (in excellence).

I bow to that highly glorious ILord of Jinas,
by whom, as forming the shining lamp of knowledge
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of numbera, the whole of Lthe unlverse has be il
o Shine.gso as ar maue

The work consists.of nine chapters. Some of the Inter-
fes‘ting: features of his book are:
1. The law relating to zero--"A musber multiplied by
z'e,ro' ’ a.nd that (number) remains unchanged when 1t is
N ‘d_’ivideyd_ by, combined with, (or) diminished by zero." 231
2. The fuleﬁ for the inverting of the divisor in division
 of fractions--

After meking the denominator of the fraction

 its numerator (and visa versa), the opera-
tion to be conducted then 'J.gsﬁs in the mul-
tiplicatlion (of fractions)s

3. The use of 10 for the value of pi.253

Some of the problems teken from Mehdvira's work are very
fanciful a.nd interesting. The following are some of the pro-
blems which héve‘ ibeen found end attributed to him:

A powerful unvanguished excellent black snake
which is 32 hastas in length, enters into a hole
(at the rate of) 7 1/2 angulaes in 5/14 of a day;
end in the course of 1/4 of a dey, it's tall grows
by 2 3/4 of an angula. O ornament of arithemdi-
cians, tell me by what time the serpent enters

230 Daﬁrid Eugene Smith, Histor¥ of Mathemstics (Boston:
o (O

¢inn and Company, 1925), pe 1 Ting: "Raﬁ@;acérya,
"The Ganita-Shra-Sengreka of Mahavirgcarya")
23

% 100e Clte

283 Toce clte
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fully into the hole.284

One fourth of a herd of camels was seen in the
forest; twlce the square root (of that herd) had
gone on to the mountein slopes; and three times
five camels (were) however, (found) to remain on the
bank of the river. What 1is Ehg (numerical) mea-
sure of that herd of camelg?<®

~ Of a collection of mango fruits, the king (took)
1/6; the queen 1/5 of the remainder, and the Lhree
chlef princes took 1/4, 1/3, and 1/2 (of that same
remalnder); and the youngest child took the remain-
ing three mangoes. O you who are clever in mis-
cellaneous problems of fractions, give oBg the
measure of that (collection of mangoes). 6

In the course of 3/7 of a day, a ship goes over
1/5 of a krosa in the ocean; being opposed by the
wind she goes back (during the same time) 1/9 of a
kros'a. Give out, 0 you who have powerful arms in
crossing over the ocean of numbers well, in what
time that ship will have gone over yojanas.2

In tb the bright and refreshing outskirts of
a forest, which were full of numerous trees with

- thelr branches bent down with the weight of flowers

and fruit, trees such ag Jambu trees, lime trees,
plantains, areca palms, jack trees, date palms,
hintals trees palmyras, punnage trees, and mango
trees (into the outskirts) the warious quarters
whereof were filled wilth many sounds of crowds of
parrots and cuckoos found near springs contalnlng
lotuses with bees roaming sbout them (into such
forest outskirts) a number of weary travelers en-
tored with joy. (There were) sixty-three (numer-
ically equal) heaps of plantaln frults put to-
gether and combined with seven (more) of these

York:

254 Vera Sanford, A Short History of Mathematics (New
Houghton Mifflin Cowmpany, I@BB?, p. 17. (Citing:

Rerighcdrya, translation The Ganlta-S&ra-Sangraka of
Mahdviracdrya, p. 89)

235 David Bugene Smith, op. cit., p. 162
236 yera Sanford, op. cit., p. 211
237 1pig, p. 211



104

same frults, and these were ecually distributed a-

mong twenty-three travelers so as to have no re-

?iénggz. nggatzl} megBQW the numerical nessure of

P ntaing.

If the students of algebra today were to find e few pro-
blems such as those‘in‘the-preceeding paragraphs in their
textbooks they might appreciate the simplicity which modern
textnook writers strive to achieve,
| There are & few problems to-day which are similar to
the preceeding problems of MahAvira's. One of them is known
as ‘the "Sailor's Riddle". It was used to initiate a group
of new sailors who were crossing the equator for the first
time. Those whg solved the riddle in an hour escaped any
further hazing.

Three men, A, B, and ¢, and a monkey were stranded on
a desert island. Their only food was coconuts. A, B, and

C decided that they would gather all the coconuts and then

give each man his share. By doing this no man would have

more food thamrany other. They gathered the coconuts one
day., They had just finished when evenlng came, so they
piled them in one stack and went to bed, planning to divide
them the next morning. During the night A awoke. He decided
that he would go to the stack of coconuts and divide them

while the others were asleep. By doing this he would be sure

238 pavid Fugene Smith, History of Mathemtalcs (Boston:

Ginn and Company, 1923), p. 163, (CitIng: RanglcArya,
translation The Genita-Sdra-Sangreha of Mahavirdcirya)




to get his share, A divided the nuts into three atacks
and had one 1eft ovér. | ‘He put his pile behind some bushes
near by and finally decided 1t wouldn't do to take all the
nuts from the monkey, so gave him the one that was left.
The other two pilea he sbacked together and then went back
to bed. During the nlght B and ¢ dld the ssasme thing that A
had done., anh man had one coconubt left for the monkey.
The next morning each man realized that the pile of nuts was
smaller than it had been the night before, but, thinking he
was responsible for it, said nothing. They gathered around
the pile and upon dividing it found that it was exactly di-
viéablekby thf-ee. ’How many coconuts were in the plle at the
beglnning? |
The problem may be worked by the following method:‘
Leﬁ X = number of coconuts
If y = first man's share
Sy+1l - X
If z = second man's share
3z t+l = 2y
If w = third man's share
&w +1‘ - 2Z
2W‘/3I ~ each men's portion in the morning
2w/3 = (8X - 38)/81 = (integer)
(81n+ 38)/8
(80 N¢32)/8+ (N +6)/8

X

1]
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2 + 8k when k may be any of the values of 0, 1,

2) 5‘, s e v b oo vew

=
§

= 2 or 10, etc,

>
!

- 25 or 106, ete,
Proofl:

25

of-

1o
S R .
" :

8-=1 left over
16 5--1 left over

10 4

Z-=1 left over
2

n

25, BHASKARA

phaskiracirya, commonly known as Bhéskara the Lesrned,
the last of the great Hindu writers livel nesr Ujjlain about
400 yearS‘after~Branmaguptamhad worked in the seme locallby.
He was borm in 1114 and died in 1185. Bhéskars is especi-
ally noted for his treatment of the negatlve numbers whlch
he regarded as Gebts end ]_osss;csna\.z‘39

Bhéékara had a dsughter who was to be married. Belng an
astrologer as well as a mathematicien, phaskars had dis-
covered the proper day and right hour for the ceremony %o
take place. Any other time was sald to bring misforbune to
the girl. When the daughter, LilEvatl, wes dressed for the
ceremony, she placed On her head a besubtiful crown wileh

contalned a number of pearls. There was & beaublful pearden

289 vers Sanford, A short Hiator gg'Math@m@ﬁiam {Boatons
Houghton Mifflln Coumpeny, TT30)s Pe 1O
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surrounding the home of Bhf@iskara. There were several pools
of water in the garden., When Lil8vatl left her room, she
took an hour cup and placed it on the water in one of the
pools. The hour cup was made with a small hole in the bot-
tom of‘if. Enough water would trinkle in the hole in an
hoﬁr's time‘ 'Eo sink the cup. Bhaskara had told his daughter
thet then thé‘hour cup sank into the water the marriage cer-
emony was to take place. Lildvati was an inquisitive girl
and decided to watch the water run into the cup. As she
was 1eaning over the pool watching the water rise into the
cup, & pearl fell unnoticed from her crown into the cup.

- Not féaiizing that the hole in the cup had been stopned un,
when the cup diéin't sink, the girl took it to be an 1ill omen
for her marriage.240 For many deys the father thought that
the girl might lose her mind over the affair. To console
her, Bhaskara wrote & book in her honor, saying:

T will write a book of your name which shall

remain to the latest times; for a good name is a
second 1ife and the groundwork of eternal existence.

241

The Lildvati began, as was the custom in the East, with
an address to a Diety. The salutation that Bhdskara used
was as follows: |

gglutation to the elephant headed Belng who in-
fuses joy into the minds of his worshlpers, who

240 140, cit.

241 pavid Eugene Smith, Histor of Mathematics (Boston:
Ginn and Company, 1925), D. 277, ’%%.
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dellvers from every difficulty those who call o%
him, and whose fest are reverenced by the Gods. 42

| The whole book 1s written in verse, The arithmetic part in-
cluded notations, eight operations with integers, operations
with fractions and mixed numbers, systems of weights and
meaéurés, decimal numepration briefly described, and the rules
relating to zero. His rules for the use of zero were:

a 20 = O, powers of O are O, any root of O 1s 0, and a + 0z0.
The statement that a # 0 = O (corrected by his commentators)

was evidently not clear to BhBskera, for his statement is "

a
definite quantity devided by cipher is the submultiple of
nought." For illustrations Bhiskara used 10 ¢ O = 10/0 and
3 ¢ 0 = 3/0. These eramples were accompaniled by the state-
ment that "this fraction, of which the denominator is ci-
pher, is termed an infinite quantity." For the value of pi,
Bhaskera used 3.1255.24%

The Bljs Ganita is the name of the algebra book written

by Bhéskara. He did not use imaginaries, saying that there
was not a square root of a negative number for 1t is not a
perfect square. SSIOrs were used for unknowns when there
were more than one. Bhaskara discussed simple and quadratic

équations.244, In speaking of the so-called negative numbers

242 Loc. cit.
243 1bid, pp. L77-78
244 Loc. cit.
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Bhaskara said, ™iost people approved them not..*";a‘j‘5
It is not known 1f the work of Bhiskera was originsl or
if it was a complilation of what was known in India at that
time. He probsbly Imew of the work of the Arvebs, and they
probably knew of his work, as soon as it was written, and 1%
“influenced thelr subsequent writing. However, they failed to
make use or extend some of the discoveries which were con-
tained in it. The works of Bhaskara, thus, became indirectly
known in Europe before the end of the twelfth cenbury. The

text itself was not introduced intio Europe until more recent

time.24’6

The word used for addition by Bhdskara was yuta, or yu,
the word for "equals" was phalam which was usually abbrevi-

ated to pha. The problem 5 + 7 = 12 would have been written

pha 12 [5/1 7/1J yu by Bhaskara.°’.

The following are some of the problems found in the

works of Bhaskara:

The son of Pritthe!, exasperated in combat,
shot a quiver of arrows to slay Carna'., With half
‘his arrows he parried those of his antagonist;
with four times the square root of the quiverful
he killed his horse; with silx arrows he slew Salyas;
with three he demolished the umbrella, standard,
and bow; and with one he cut off the head of the

245 R. R. Vivian, "Mathematics: A Groat Inheritance.®
Educational Review, 53: 35 (July, 1917) :

k46 W. W. Rouse Ball, A Short Account of tThe History of
Mathemetigs (London; Macmulllan Company, 1915), pps 155-5%-

el Florian Cajori, A listory of Mathematics (New Yorkt
Macmillan Company, 1924), De Yl .
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foe. How many were the arrows which Arjuna let

A trader paying 10 coins upon entrance to a btown
doubled his remalning capital, consumed 10 (durlng
the stay) and paid 10 on his departure. Thus in three
towns (vislted by him) his original cepital was doub-
led. . Say what was the amount?§49

A person‘gave a medicant a couple of cowry shells
first; and promised a twofold increase of the almg
deily. How many nishcas does he give in a month?2

The square root of half the number of bees in a
swarm has flown out upon a jessamine-bush, 8/9 of the.
whole swarm has remained behind; one female bee flies
about a male that is buzzing within a lotus-flower
into which he was allured in the nipght by its sweet
o@or, but is now imprisone% in it. Tell me the num-
ber of bees. (Answer 7o) e 1

: On an exposition to selze his enemles elephants,
s king marched 2 yojanas the first day. Say intel-
ligent caleulator, with what increaged rate of dally
march did he proceed, since he reached his foe!ls
city, a distance of eighty yojanas in a we ek . 2O%

A snake's hole ig at the foot of a pilllar, and
a peacock 1s perched on its summit. Seelng the sneke,

248 Dpavid Eugene Smith, A History of Mathematics (Boston:
Ginn and Company, 1923), Vol. I, p. 280,

249 yerg Sanford, A Short History of Mathematies (Boston:
Houghton Mifflin Company, 1960), p. 176. (Clting: FH. T.
Colebrooke, Bhaskara, p. 54)

250 David Eugene Smith, Histo of Mathematics (Boston:
Ginn and Company, 1925), Vol. II, %op?ﬂal Survey, p. 501.
(Citing: H., T. Colebrook, Bhaskara, p. 55)

251 Florian Cajori, A History of Tlementary Mathematlcs
(London: Macmillan and Company, i52§7, . 100. (CIting:
Horman Hankel, Die Entwickelung der Wathematlk 1in den letzben

Jahrkundertin, TLibingen, 1084, p. 191)

252 vVepa Sanford, The History and Significance of Cer-
tain Problems in Alpebra (New York: Teachers Gollege, Co=
b ia University, Bureau of Publlicatilons, 1987), p.7/
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at the distance of thrice the pillar, gliding towards
his hole, he pounces obliquely upon him. gay quickly
at how much cublts from the sneke's hole do they both
meet, both preceeding an equal distance?e®

How many are the varlants in the form of God
Sambu (Siva) by the exchange of his ten sttributes
held reciprocally in his several hands; namely the
ropée, the elephants hook, the sgerphent, the tabor, the
skull, the trident, the bedstead, the dagger, the ar-
row, the bow:! as those of Hari by the gxghange of the
- meace, the digecus, the lotus, smd conch.

‘ Five doves are to be had for three drammas;
seven cranes for five drammas; nine geese for seven
drammas; and three peacock for nine drammas; bring
a2 hundred of tliese birds foE g hundred drammas for
the prince's gratification,<d

, Lovely and dear Lilavati, whose eyes are 1like
a fawn's, tell me what are the numbers resulting from
135 multiplied by 12. 1If thou be skilled in rultipli-
cation, whether by whole or by parts, whether by di-
vision or separation of diglts, tell me, auspiclous
damsel, what is the quotient ofzgge product when
divided by the seame multiplier.

253 Tbid, p.77
255 Tbid., p.72

256 w, W. Rouse Ball, A Short Account of the History of
Mathematics (London: MacmiTlan and Company, L1924), Ds %%2.




CHAPTER VI N
- PERIOD OF TRANSMISSION
INTRODUCTION

~While the Hindus end Arabs were making progress ln the
field of mabhematics, Europe was golng through the dark agesa
The berbaric nations from the swamps and forests of the Horth
and from the Ural Mounbalns swept down into Europe and de-
stroyed the Roman Emplire in 455. These people were very

slowly civi‘lizec'l.ﬁ They had 1ittle regard for the Intellecw

tual treasures of the countries which they had captu:vw.%v

~ From the sixth century untll The gightl1 century the only
places of study in westorn Europe were the Benedlectlne mon-
astaries. Some llterature was saught in these schools. The
" science which was btaught geemed to be limited to methods of
keeping accounts and the prules by which the date of Easter
might be debermined, The monks had renounced the world and
they apparently. saw no ecessity for learning more sclence

then was reguired for the gervices of the church and mones~

taries.258

The tradition of the Greek ahd Alexandrian learning 800N

=7 mlorisn Cajori, A History of'Eleammea.x;j? yathemnt10e

(Wew Yorks Macmlllan (Qompany .o 0277, pe L1l

258 : » the History of Mathews-
W. W. Rouse pall, Primer ot 16 Hit Y, ot Matheras
tics (London: Macmlllad e T Gompany, 19e7), Pe a3t
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died away. It 1s possible‘that in a few places the works of
the 'Greek mathematiclans were availsble, but not readily so.
There were no students and becasuse of this the earlier works
had noa ttraction and soon became scarce.<°?

In the latter half of the eighth century, Charles the
@reat commanded that schools be opened in connectlon with
the monastaries and cathedrals in his kingdom. The mathema-
tiecs in these schools probably did not go beyond the geome-
try and arithmetic of Boethius. After the death of Charles
the Great the schools neglectgd the teaching of science.

The subjects teught were limited to Latin, music, and theo-
logy . The fact that the sechools continued gave the oppor-

~ tunity, for those desiring it, to get enough mathematlca to

keep their accounts, enough geometry for land surveying, and
astronomy sufficient to enable them to calculate the feasts
and fasts of the chureh, 260

At the end of the eleventh century or the beginning of
the twelfth century’'a revival of learning took place. There
was a tendency'fbr toachers to settle in the vieinity of some
school, and, wlth the ¢onsent of the suthorities, glve lec-
tures on theology, logle, and civil laws. This cugbom led

to the formation of guilds or trade unions, and wan the first

stage in the history of the medieval university. If the

259 Tpid, pe 37s
260 1pid, pp. 37-8.
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school was successful and its members wanted it to be per-
fect, they asked the state for legal privileges and they were
usually given. The last step in the evolution was recogni-
tion by the pope or‘emperor.%l

It was from Spain that a knowledge of eastern mathema-
tics first came into western Europe. The Moors had captured
Spain in 747 and by the beginning of the tenth or eleventh
contury had attained a high degree of civilization. ZElthough
the Moors were not friendly with the Arablan government, they
gave great mathematicians a hearty welcome in thelr schools.
In this way the‘ Arabic translations of the works of the
Greek writers as well as the works of the Arab algebraists
were read in the Spanish schools of Granda, Cordova, and
Seville.%g‘ ‘

Frederick II did much or more than any other single man
of the thirteenth century to introduce the Arab mathemetics
into western Burope. At that time Jewish physlcans were tol-
erated in Spain be’caﬁse of their sclentific knowledge and
their medi;:al skill. Frederick II made use of this fact end
engaged a staff of educated Jews to obtain for him coples of
Areb works and Greek editions which were in cireulation in
Arsbis. These works were translated and placed in the 1lbrs-

ry at the University of Neples. From this time on it might

261 1pid, p. 39.
262 1pid, p. 46.
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he said that the development of science in Europe was inde-
.pendent of the ald-of Arsb scholars.<6%

| When the refugees escaped from Constantinople after
_the fall of the eastern empire in 1453, meny of them came to
%Europe. With them they brought many copiles of Gre;ek books
and editions. This gave an added‘o‘timulus for the study of

mathematics, 84

MAP 4
PROFILE MAP FOR TRANSMISSION PERIOD

The map shows “’cl‘l.e mathamatioal routes during the trans-
:mlsswn period as numbered and listed below; also the location
of cities mentioned in the following section:

(Jl) Hindu Astronomers to Bagdad-~-T775

(2) Al- Khowarizmi I—Iindu Numwals teught to Areb Mathe~

| matioiaz/,ls--825h -

(3) Arabic leaijhihé follows conguests into Northern

Africa

(4) Arab 1earning, introduced into Spanish Unlversities

dur'lng; tenth century

”(5) Adoi’ard of lBath studles in Syrle and takes manu-

scripts ‘back to England with him--twelfth century

263 1pia., p. 47

A shor’c pcoount of the Hlobor
1T1an and Tompeny, L916)y Pe
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(6):Ch?istian Scholars study in Spain during the tenth,
‘eleventh, and twelfth centuries.
(7) qubgrt studies in Spain durling tenth centufy
(8) Arabic learning introduced into Sicily
(9)jFlb¢nacci takes Arabic learning to Pida--twelfth
| cenﬁury
‘(10) Fredefiék returns manuscripts to Sicily and Rome--
thiftééﬁth century
(11) Nemorarius studles in Spain in thipteenth century
(12) With the fall of Constantinople manuscripts were
‘sent to Bagaéd and Italy
The fol;owing ls a list of the mathematlcians mentioned,

thelr chronoldgical age, end the citlies whilch they are con-

nected:
’Gergert 1000 Rome
Adelard of Bath 1120  Bath
Fibonacel 1200 Plsa
Nemorarius 1200 = Paris

26 « GERBERT

Gerbert,‘like many men who have become famous during
their life, was born of very humble parents at Aurillac in
Auvergne early in the tenth ¢ exbury. At an early ege his
parents as well as many other people in the village realired
that he was naturally a very brillisnt child. TFe was gsont to
a monastary of hisg native village where he began his educe-

tion. 1In 967 he went to Barcelona, Spain, which wns under
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the chfistian rule at that time, to study mathematicse. In
871 ﬁe went to Rome where his proficiency in muslic and as-
ﬁronomy excited much interest. Hls Interests were not con-
fined to these bHwo subjects, however. In fact he mastered
GVeryyéourse in the curriculum with the exception of loglc.
The‘emperor requested that he would also study thils, so in
g2 hevﬁént to Rhéims where he also studied philosophy and
heiped'make Rhelms sn educational center.<%® In 983 gerbert
'Was'appointed abbot of the monastary of Bobbilo, where he
taught with much disbinetion and success.?86 After this he
held various offices in the church, each being a step for~
ward;‘uhtil in 999 he was elected to the papacy. He was
calléd Pope Sylvéstef iI.

During the time he was lecturing, Gerbert, in his spare
moments, made some interesting terrestall and celestial
globes which he used to 1llustrate his lectures. These
globes were gdmired by many people, several of whom offered
to buy them., However, Gerbert, instead of selling them, of-
fered to exchange them for coples of Latin classics which were
already becoming scarce., He appointed agents in the chiefl
towns of Europe to carry on the trade of globes for classlcs.
It was through his efforts that several of the important La-

267
tin works were preserved,

265 Ibidq, Po 137

266 chamber!a Encyelopedia, "Sylvester," TVol., IX, p.252
267

LOO. clt,
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All of the things that Gerbert lnvented were not for

the betterment of mathematics, Among his inventlons was a
large clock which wasﬂused and preserved for many yvears at
Madgeburg. He made an._ organ which was worked by steam.
fThis organ was used 8t Rhelms for two centurles after the
~ death of Gerbert.200
‘U’ Many of the contemporaries of Gerbert sald that he had
sold himself to the devil when a young man. Thelr theory
was that it was only through the help of the devil that Ger-
?ert was able to make the clock end organ, to become Pope,
and to write the mathematical works inwhich he gave the pub-
’lic many thinps for the advancement of the subject. As late
tfas 1522 in a biography of Gerbert published in Venice, it
Was related that he obtalned the papscy by black art, having
giQen himéelf to‘ths devil. Others tell of his effort to
ésdape from hié’bargain when he was on his death bed .69
It was through the work of Gerbert that the Hindu-
Arabic numeréls‘were brought to Hurope. His works do not
show that he had 8, symbol which he used for zoro. His other
nine symbols looked like this and were called by these

‘names, <70

268 1piq, p. 138.
269 Loec. cit.

270 pevid Eugene Smith, History of Mathematics (Bosbton:
Ginn and Company, 1925), p. 75, Vol. TI.
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The Geometry written by Gerbert was based on a copy of
the geometry ﬁritten by Boethius. Although it did not con-
tain much"origin‘al meterial, it does indlcate that Gerbert
had g great abilify. H‘i’s own conbributlons were some applli-
catlons of «kland surveying, and the determination of the
height’ of ainaoce»s’sible objects, For this he used the Pyth-
agorean t‘heor,eml; 271 The condition in which the geometry of
thet time ’f‘ouz‘ld ’i‘wts,elf may be judged by the fact that Ger-
bert used the safne inaccurate rule for the finding of the
areg of a trapeioid as was used by Ahmes. His expression
for the arek‘a of an equilateral triangle of side a Was
/2 a (a - 1/7/;), which was equivalent to using 1,714 for

the square root of three.272

Gerbert wags able to golve a problem which was very
troublesome in those days., The problem was to find the
sides of a Ppight trisngle when the area and: the hypotenuse

were glven, using h2 gs the area, his formulae were

271 W. W. Rouse Ball, ope cltes P 138

g Vera Sanford, A Short History g£ Mathematics (Boston:
Houghton Mifflin Company, TE30)s Do 209
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/8 ( ¢+ 467 1967 < 4nF) and 1/2) oF + 4nR - VoF - 4n2)27®

Many pupils of France, Germeny, and Italy gathered at

Rheims and any other place where Gerbert was located to en-

joy his instruction.?’%
M27. ADELARD OF BATH

During the twelfth century most of the scholars of note
studied in Sﬁéin. Some of them went to Syria. Adelard of
Bath, an English monk, was a scholaﬁ who traveled very wide-
1y, visiting Bgypt, Greece, Asia Minor, Syria, and Arabila asg
well as Spain and France. His education in Europe was
recelved at monastaries which were located at Toledo, Tours,
and Leon. This education gave him a good foundation for his
work in the East.275

TheHMQhﬁﬁmedans in the East would not allow foreigners
to attend thelr lectures. Adelsrd, after studying the lan-
guage énd,customs of the Arabs for sometime, disgulsed
himself as a Mohammedan student and attended some of theilr
lectures af Cordova; While attending these lectures he ob-
talned a copy of Euclid's Elements., This Adelard brought
back to England with him together with other mathematical

2'75 W. Wo Rouse Bﬁll, 92- EE—_E., P 5,

274 Chamber's Encyclopedis, "Sylvester." Vol. IX,
Pe 252,

278 pavid Eugene Smith, History of Math@mahica (Bostons
Ginn and Company, 1926), p. 2035.
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works, He translated the Elements into Latin and this
t ranslation became the foundation of all editlions known in
Europe till 1533 when the Greek text was recovered. The
krnowledge of Euclid!a Elements spread rapidly, and by the
©nd of the thirteenth century Roger Bacon was familiar with
1t. By the close of the fourteenth century the first five
L ooks formed a part of the curriculum of many of the uni=-
Versitieg,27o

After Adelard returned to England from his travels in
The East, he was granted a pensilon by Henry I. He then
spent mogt of his time writing. Some of his writings are
still preserved.

28. FIBONACCI

LeonérdoyPisano, or Flbonaccl as he 1s generally cealled,
was born at Pisga in 1170 and died in 1250. The name Fibo-
neacecl, means the gson of Bonacclo. Bonaccio was a nlckname
meaning "a good stupid fellow". Later Fibbnaoci was called
Leonardo Bigollone. This was a nickname which was no doubt
given him by some of his fellow townsmen. This nickname
meant a "stupid loiterer" or "blockhead™ as it is usually

translated,277

4

276 W, w. Rouse Ball, A Short Account of the History of
Mathematics (Boston: Gimn end Company, 1925), p. 208, vols I

RT7 Moitilz Cantor, "Leonardo Pisano." Encyelopedin
Britann}ca, 9th edltion, Vol., XIX, p. 540.
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Pisa renked with Venice and Genoa as one of the greatest
commerclal cenbers of Italy., These towns hed large ware-
houses where goods could be stovred and where duty was pald on
8ll goods imported from other sections of the Mediterranean.
The secretary of such an esteblishment was 8 man of consld~
erable lmportance. It was such a position that the father
of Fibonsaecel held at Bugla on the north coast of Africa. It
was at Bugla that Fibonascci received his early education
from a Moorish school master. While yet a young man he visg~
ited Egypt, Syrla, Greece, Sicily, and Southern France,
mee ting, With scholars and becoming scquainted with the ar-
lthmetical systems used by the merchants of the various
countries. [Fibonaccl was convinced that the Windu system
was superlor to all others.<78

Fibonaccl's fame was spread over Europe very rapidly.
At one time hé was gummoned to the court of Frederlck II to
engage in a mathematical duel with the court mathematlcian,
John of Palermo. Frederick had heard sbout the skill of
Fibonacci in solving mathematical problems and desired to
find out ‘if all the marvelous accounts were true. This was
the first mathematical duel held. In the sixbteonth and sev-
entéenth century they became more common. The competitors
were informed beforse the time of the contest the type of

questions to be asked. None of Fibonanail's competitors wers

278 David Bugene Smith, op. ¢it., p. 1925,
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ablé to answer any of the questions asked. Flbonacel solved
- the problems wilth little difflculty. One of the problems
was a cuble equation. Cubic equations had not been solved
by the use of algebra before this time. Pibonacei discov-
ered that the problem given him could not have rational
roots. For his answer he gave a very close approximation.279

“ The ¢hief work of Fibonacci was his book, Liber Abaci.

The first part of the book contained a detalled account of
the Hiﬁdu-Arabic numerals and thelr used. Fibonacci urged
that the Hindu-Arabic numeral system be adopted. He ab-
tempted to show 1ts superiority over the Roman system.
Burope -did not accept the new System very quickly. A few of
the merehants, especially those trading with the countries
in the Fast, made some use of 1t. Nearly a hundred years

after Liber Abacl was written, the Florentine bankers were

forbidden to use the Hindu-Arabic numerals. No doubt this
was due to the fact that there was a large vériety of forms
being used and the lack of standardization of the digits.

The Roman numersals were used in France and England in com=~
merclal and governmenkal aeéounts as late as the slxteenth
century.280

Probably the only reason that the Roman numerals have

279 Florian Cajoril, A Histo of Mathematics (New York:
Macmillan and Company, 19247, pp. 128-24,

280 1pid, p. 123.
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survived to this time 1s because they were in such popular
use before the Hindu~Arabic system came into use. An in-
teresting incident happened a few years ago. It was noticed
that a store keeper in Pisa was using the Roman numerals to
mark the prices on all his goods. When asked why he was
8t111 using that system when it was out of date, he replied,
"Poople from all over the world cen reed them regardless of
their own numerals, Turks, Italians, French,; and even Amer-
fcans. 281 B

Fibonacel introduced new rules for multiplication and
division. Such words as capital and percent were introduced
by him. He was the first to use the "borrow and pay' method
of subtraction.. Accérdingto this method, when twenty-four
is su‘r;tract‘ed, from fifty-two, four is taken from twelve and
the one which was borrowed from the four 1s paid back to the
two and then‘ three is subtracted from five. He used 3.1418
for the value of pi.282

Fibonaéci used the word "res' to designate unkuown
quantities. The English word "eipher" came from the Arabilc

word sifr or sifrs which means empty. Fibonacel called the

word zero, zepherum,?83

281 yera Sanford, "Roman Numerals."! Mathematics
Teacher, 24: 23 (January, 1931)

282 Kap Fink, A Brief Histo of Mathematics (Chicago:
Open Court Publishing Company, 190 ), p. 218,

283 plorian Cajori, op. oib., pe 121
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Amoz:;g the other books written by Fibonaccl were

Practica Geometriae and Flos., The first book presented the

subject of geometry in a systematic form. It treated such
toplcs ‘as the finding of areas and volumes, sguare roots and
cube roo/‘ts, and 'deélt with a surveying Instrument called the
quadrans.284 - In the second book, Flos, Fibonaccl discussed
the cubic equation which had been given him by Frederick II
in the mathematical dusl. The cublec equation was
% + 252 4 10X = 20.285
" Meiny of the problems found in Fibonaccli's books are
gimilar to those used today.
'I‘iieré is’ a lion in a well whose depth 1s 50

palms. He c¢limbs 1/7 of a palm daily and slips back

%142 Svgi%?%g%m. In how many days will he get out of

The problem might be worked by the following method:
if the lion climbs 1 palm in seven days and falls back 1
palm in nine days,‘ it would take him sixty-three days to
climb 2 palm. If the lion worked constantly, 1t would take
him sixty-three times fifty divlded by two or 1575 days to
" ¢limb from the well.

A certaln king sent 30 men into his orchard to
plant trees. If they planted 1000 trees in 9 days,

284 yera Sanford, A Short History of Mathemntica (Boston:
Houghton Mifflin Company, TO%0), p»s 20

285 Florien Cajorl, op. c¢it., p. 124.

286 yorg ganford, The History and 8ignificance of Pro-
blems in Algebra (New York: Teachers GoTllege, Columbis Tni-

Versity, Bureau of Publicatlonms, 1927), p. 63.
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in how many days would 36 men plant 4400 t
(Answer 33 days)zg% P reesy

A man went infto an orchard in which there were
geven gates, and there took a certain number of
applés. When he left the orchard, he gave the
first guard half the anples thaet he had and one
more apple. To the second, he gave half the re-
meining epples and one apple more. He did the
same in the case of each of the remaining five
guards and left the orchard with one applg How
many apples did he gather in the orchard? 88

A man who was approaching his end, called his
eldest son to him and said,"dlvide my estate among
yourselves in this way: You are to have one beg-
ant and one seventh of the rest of my property."
He said to the second son, "You are to have two
bezants and a seventh of what then remains." To
The next one he gave three bezants and one seventh
of what was left. And thus he called all of hils
sons in order, giving to each one bezant more than
the one before, and a seventh of his property and
and the last one had all that was left. It hap-
pened, moreover, that each had an equal share in
the estate according to these conditions. The
question is how many 5883 there were, and how
large was the esgtate.

A certain man seys that he can weigh any

‘amount from 1 to 40 pounds using only 4 W@ighgsé
What size must they be? (Answer 1, 3, 9, 27)

29. JORDANUS NEMORARIUS

Jordanus Nemorarius was the first German mathematician,

especially algebraist, of any note. His works have only

287 vyera Sanford, The History and Signiflcence of Pro~
blems in Alpebra (New York: Téachers COllene, Columbie Unie-
Versity, Pureau of Publications, 1927), p. 63. (Citing:
Fibonacci, Liber Abaci, Bon Compagni editlon, p. 134)

288 1pi14, p. 58.
289 1pid, p. 61.
290 1pia, p. 00.
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:bﬁsoently been discovered. Nothing is known of hls 1life

Eal-tcept that he was a monk who studied in Paris. Later he

D s eame goneral of the Dominican order and died in 1£36,791
The first book written by Jordanus was De Trianpulus,

& geometry written in four books whieh contained definitions,

Seoventy-six theorems and propositions on triangles, all of

Which were based on Euclid's Elementa, propositions on the

Tatio of straight lines, comparison of areas of triangles,

Arecas and chords of a circle, regular polygons, the dupliec-

=|tion of a cube, and the trisection of an angle.292

Algorismus Demonatratus was the name of an arithmetie

ook written by Jordanus. In this book he gives the rules
Tor the four fundamental processes used in arithmetic. In
the writing of the book he used the Hindu-Arabic numerals,<95

De Numeris Datls contalned 115 problems in linear

)

eaduations with their solutions. These problems were much

Y ike the ones which are used in the algebra books today.

Jordanus used more than one unknown in some problems.294
The historical importance of Jordanus lies in the faect

That he was the first to make regular use of letters to

291 . W. Ball Rouse, A Short Account in the History of
Mathematics (Boston: Ginn and Company, 1925), D. .

@92 1pi4, pp. 171-72.
293 1bid, p. 172,

% Loc. oit.
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represent algebralc magnitudes.



CHAPTER VII
;MATHEMATICAL PERIOD FOLLOWING RENAISSANCE
INTRODUCTION

The invention of the printing press marks the beginuing
of the modenﬂ“éra,/ Fellowing this 1hvention ceme an 5ut—
bufst of gcyivity in‘éll branches of learning. Refore this
time 1t w@é oﬁi&/a select féw who had‘access to the copiés
of the bodks which had been written. After the introduction
of the printing preés, bool stores were opened and the
things wh;ch had been avallable to a few became the nroperty
of the public... .

8long with the modern period came a rapid development
in the mathematical sciences and the development of symbolism.
During the end of the transmission perlod the universities
had become firmly established and, with the aid of the
printing presses, they became the conters of mathematicsal
sclences. No longer was all the work in msthemstlics con-
fined to Italy and Greece. Important discoveries were being

made all over the continent of Eur0pe.295
50. GIROLANIO CARDANO

Girolanio Cardano, a celebrated mathemalician,

295 y. w. Rouse Ball, A Primer of the Hlgtory of Mathe~
matics (London: Macmillan and Company, 1927), Dpe 57-F
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Tartaglia 1545 Venice

Ferrari 1545 ¥Milan
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Bernoullils 16901860 Bascel

Euler 1750 Doael

Gaussa 1799 Praunchwely (fanewlel)
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naturslist, physiclan, and phllosopher, was born at Pavis in
1501. @Girolsnio Cardano is commonly referred to as Carien
by Lnglish wribers. Howvever, his name also appears as
Hieronymus Cardanus and Jerome Cordgn,<96 Carden was the
illegitimate son of =& physician and lawyers The flrst part
of his education Cardan received at home, later attending
the universities at Pavia and Padua to complete his studiles,
He commenced life gs a physlician after he had recelved his
degrees It was while (ardan was following this profession
that he begrm the study of mathematlcs,?”' Cardan met his
wife at Sarco soon after he started practicing medicine.

She evidently was a woman of wealth as Cerdsn 1s sald to
have squandered her wealth in gambling.ega

By 1546 Cardan's repubtation as a doctor had spread over
Europe, At this time the King of Denmark asked Cardan to
accept a chalr ag professor of medicine st the University of
Copenhagen, but Carden burned down the invitatlon., He spent
8 year or =80 visiting France, Scotland, snd England, ¥While
in Scotland he vilisited the primate of that country., The

primate had been troubled years wlth asthma, All the

298 yera Senford, "Cardan.' Mathematlcs Teacher, 201 58
(Wovember, 1950).

&9 W. W, Rouse Ball, A Short Account of Lhe Hiabor,
Mathematice (London: MacnmllTeh ehd Company, L910), De 4<

298 yme New Tnternavionsl Encyclop@dia, 2nd edltion,
ardan",” vol. IV, De DOD.
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noted physiclans of the country had tried to affect a cure,
but one after asnother had failed. Cardan by chance cured
the primate and was paid a large fee for his services.
Cardan returned to Milan where he lived & short time before
sccepting & professorship of medicine at Pavia in 1558 ,299

Cardan had two sons. In 1560 the elder of the two
gsons poisoned his wife and was executed for the crime, A
ghort time afterwards Cardan found that hls younger son had
committed some crime. In a fit of anger Cardan cut off the
ears of this son with a large knife. The Pope Gregory XII
granﬁed him protection so that he would recelve no punish-
ment for the offense.,o00

In 1562 Cardan moved to Bologna. The story of hls
erime followed him and the University took steps to keep
him from lecturing. The Pope interferred again end Cardan
was sllowed to contimie his lectures. Cardan had never been
able to live within his income. In 1570 he beceme so heavily
in debt that he was thrown in prison. About the time he left
prison he published a horoscope of Christ. Becsuse this
brought so mueh hatred on him, and hecause of his indabted-
ness, Cardan fled to Rome for protection, Here he was pen~

sloned by the Pope and became astrologer at the papal court.

299 Chamber's Encyclopedia, "Cardan." Vol. II, p. £07.

300 w, W. Rouse Ball, A Short Account of the Hiﬂtog%rgi
Mathematics (London: Macmillah and Gompany, l915), P. 202
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Gardan dled in 1516, a few weeks after he had published his
autobiography. Some writers assert, wlthout sufflcient
authority, thati ferdan had predicted thatV he would di» on
September 2, 1016, When the day arrived and he was ln per-
fect health yet at the end of the day, he commltted sulclde
in order that his predictlons would be fulfilled.SOl

Cardan was very much interested in g contest between
Tartaglia and Fior, The contest was of a mathematical na-
ture and was concerned with the solution of the cublec
equation. Cardan had begun the writing of his monumental
work on algebra, Ars Magna. When he found that Tarteglias
had been able to solve a general cublc in the contest with
Fior, Cardan asked Tartaglia to tell him the method he used
in the solution in order that he might publish 1t in the
Ars Magna. Cardan was very angry when Tarbteglia refused.
Shortly afterwsrds (arden wrote to Tartagllia saylng that an
Ttalian nobleman of great Feme had heard of Tartaglia's
success in solving the cubic equations and was anxious to
meet him. Cardan begged him to come to Milen ab once.
Partaglia went to Milan but no nobleman was waltlng for him.
Cardan had used the fictitious nobleman as a decoy to
bring Tarteglia to him. Cardan used all of his powers of
persuasion and must have been quite plausible, for Tartagllia

: o . 902
finally gave Cardan the formula under oath of secrecy.”

301 Loc, ocit,

202 Tbid,, pps 222-25.
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Woen the Ars Negna was published in 1545, ravbaglie
WQB‘ODG;Of the first people to study it, Imagine hls snage=
ment when he found his formuls In the book. Naturally he
was very angfy and fineglly declded to challenge Cardan to o
mathematical duel, In é’mathematical duel each contestant
made outta list”9f problems for the other contestant to
work. The preliminaries were sottled and the place where
the duel was to btake place'was a certaln church in Jilan,
When the daj_cameKCardan failed to appear but in his place
sent}Ferrarinﬁho had been living in his home as an errand
boys Bolth sides claimed victory but most historians agree
that Tarteglia deemed himself lucky in escaping aliV®.503

“Ars - Megna was far superlor to any algebra publlished
before this time, Before the algebra books had contained
only equations in which the roots were posltive, Cardan
included negative and complex roots in his book., He dls-
covered that complex roots were always found in pairs.
Many authorities believe that part of the analysis of the
cubic equation which Cardan published in his book might have
been original with him,°0%

Mgny of the problems which are found in Cardan's algebrs

are #ery interesting, The following problems have been

attributed’to gardan:

503 Thid., p. 285.

304 1p14., pp. 226=24,
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A dog 1s chasing a hare. The hare is 60 leaps
~ehead of the dog and % leaps of the dog eyunsl 5 those
- of the hare. The dog takes three leaps in twenty=

seconds and the hare 5 in twenty-one seconds, and

three leaps of the dog- are greater than 7 of the

hare by 1/20 of a 198% of the dog. When does the
- dog catch the hare?®

' A certain slave fled from Milan to Naples go-
ing 1/10 of the whole journey in one day. At the
beglinning of the third day the master sent s slave
after him and the slave sent 1/7 of the whole jour-
ney in one day. I do not know how far it is from
Milan to Naplgs but I wish to know when the latter
overtook him,.%U6

If Saturn moves once around the earth in 30

years, and 1f Jupiter goes around it once in 12

years, how many years wil% ghere be in the interval

between two conjunctions? 0

Cardan at one time tried to figure on the number of
days actually spent if a ship salled westward on the Kalends
of January 1517 and went three times around the earth re-
turning on the seventh of May, 1526 .,908

Cardan was a man of remarkable contrasts. XHe was a
heretic, yet frequently was befriended by the Pope. On the

one hand he was a gambler, the father of a murderer, an

inmate of an almshouse, and a fallure as a cltizen; on the

305 yera Sanford, The Higtory and Significance of Fro-
blems 1n Algebra (New York: Teachers Colliege, GColumbla Uni-
versity, Bureau of Publications, 1927), p. 72. (Clting:
Carden, Practica Arithmetica)

306 1pid, p. 73.
30‘7 Ibido, p L) ,75 .

308 yora Sanford, A Short History of Mathemntics
(Boston: Houghton MiffIin Company, 1930), p. od4.
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other hand he was & physiclst, one of the finest algebra-
lsts of his time, = university professor, and a physictan.
He pretended to tell fortunes by the stars, was dishonest,
deceptive, and unrelisble in many of his affairs; yet he
was a keen student of philosophy, and was wholly reliable in
his sclentific work.599

- 31. NICHOLAS TARTAGLIA

Nicolo Fontana, generally known as Tartaglia or Nich-
0las the stammerer, was born at Brescia in 1500, Wicholas
was. twelve years old when the French captured Brecla. When
the people of the e¢lty learned that the French were coming a
and would capture the town they took refuge in the cathe-
drsal, thinking this would be the one place where they would
be safe. It puzzled the French, upon entering the town, to
find the housés empty and searched until they located the
people in the cathedral. The battered down the doors and
massacred thosé in the church. Nicholas! father, who was a
postal messenger in the town, was among those killed. Nich-
olas' skull, jaw, and palate were cut open by the sword of
some soldier and he was left as dead when the soldiera

vacated the cathedral .3’10

- 809 David Eugene Smith, History of Metbematlics (Bostoni
Ginn and OOMpal’lY, 1925), Vol. jf-, o) %6.

51°~w W. Rouse Ball, A. Short Account of the History of
Mathematics (London, MacmilTan and Company, 10157, D 2074
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Nicholas' mother had not been able to go to the ocath-
edral with her husband and son. When she found that she
had been left behind she hid in her home. After the French
soldiers were gone she went to the church for what she sup-
posed was the last look at her husband and son. Imagine her
surprise when she found that Nicholas wes not dead. In some
way the mother mansged to carry twelve year old son from the
cathedral. They werefvemy poor people and had no money with
which To pay a doctorﬁ Suddenly she remembered that when
dogs were wounded they always licked the wounded place. Wy
couldn't she lick the wonnds of her son and perhaps thereby
bring relief to his suffering? Whether due to this gimple
treatment or in gpite of it, the boy recovered.5+l The in-
jury to his palate caused Nicholas to stammer for the rest
of his 1life. It was from the stammering that he recelved
the name "Tartaglia’.Sl2

Tartaélia's mother someway received enough money to
send him to school for fifteen days. He took adventage of
this opportunity and stole a copy book from which he taught
himself to read and write. They were so0 poor that they could
not afford to buy paper for Nicholas. Fe wes oEli%ed to use

tomb stones as sletes on which to work his problems., For

311 Loc. cibe

512 Encyelopedla Brltannica, "maptaglia.” 14th edition,
Vol. XXII, p. 825,
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several years he worked on mathematics alone and soon be-
came known for his skill along this line. Fe entersd upon
his public work by giving lectures at Verona but he was soon
sppointed to the chair of mathematics at Venice, which he
oceupied until his death.o1ld

In 13535 Antonio Fiori discovered the solution for a
certain type of a cubic equation. When Tartaglie heard of
this he made the statement that he had a formula by which he
could work any cubic equation. Fiori, who believed that
Tartaglia must be an imposter, challenged him to a contest.
According to the challenge, each contestant was to make sa
list of thrity problems. On the day that the contest was to
begin, each was to take his problems and a certein amount of
money to a notary. FEach was to depogit the money with the
notary and the one who worked the largest number of problems
out of the thirty given him in thirty days time was to

receive the money.

Tartaglia had an idea as to the kind of a cubile which
Fiori could work. iHis problems were made so thet they could
not be worked by any method but by the use of the formula
for working the general cubic equation. (n the day of the
contest Tartseglia worked the thirty problems glven him in
two hours while Fiori failed to work a single one of the

problems given him by Tartaglia.m‘}’

313 y, w. Rouse Ball, op. cit., p. 218.
314 1bid., pp. 218-19.
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Tartaglia had many problems which are interesting. The
following are three taken from Tartaglia's works.

A men went to a dragper and bought a length of
cloth 35 braccila long to meke a sult of clothes,
The draper told him when 1t was shrunk and
clipped, every seven braccla would shrink in one
braccia, The man took him at his word, but instead
for every six braccia the _cloth shrunk one. How
much cloth did he lack?®L®

A man had a certain amount of caplital but fell
to gambling and made as many denarii as he had to
start with. He then spent 20 ducats on a horse,
he rode sway on the horse to an inn where he gamb-
led with the inn keeper and redoubled his money.

He spent 20 ducabs on a beautiful robe. He then
left the inn and went to the gate of the city where
he found some people gambling., There he doubled
what he had left, and bought a ring for 2Q ducats
and found that he had nothin‘%l%eft. How much money
did he have when he started?

A man has 3 pheasants which he wlshes to give
to two fathers and two songivgiving each one phes~-
sant. How can it be done?

A man glves a shepherd 720 sheep to pasture
for five years on the agreement that at the end of
this time they will divide the flock evenly. It
happened that the shepherd died at the end of three
years and elght monthsiend his widow who had no
trustworthy person to glve the care of the gheep
was Torced to break the agreement though in truth
she had a son by the shepherd, byt he had noi:. been
brought up in that trade. There agiathen 1060
sheep. How shall they be divided?

315 yera Sanford, History and Significance of problems -
in Algebra (New York: Teachers College, Columbla Univers.itys
Fareon of publications, 1927), p. 18. (Clting: Tertaglin,
Wicolo, Genersal Trattabo, Vol. I, fol. 169).

516 1hid., p. 253

517 1pid,, p. 52

518 ;‘13}_@_., pe 882
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38« GALILEO GALILEI

It seems a coincidence that such a great man as Gallleo
should be born on the very day of Michelangelo's death and
should die in the seme year as Newton's birth. It scems 8.8
though he must have been born to fill the gap between the
lives of thg other two great leaders, Newton and ¥ichel-
'_angelo.519.

Galileo's father, who was a mathematician and musician
of some renown, was an Italian nobleman living in Florence.
At one time hig ancestors had been quite wealthy, but before
young Galileo was born the family fortune had dwindled to
practically nothing.320 | .

Gallleo was born in Pisa on February 18, 1564. He
died in 1642,%%1 Hig tomb is in the church of Santa Crose,
close to that of his fourteenth cenbury ancestor named
Galileo. This ancestor 1s sald to have excelled in mathe-
matics and science. When he weas appointed to an importént

office in the city government, he changed his former surname

to that of Galilei.o=?

319 payia Bugene Smith, History of Mathematics (Boston:
Ginn and Company, 1925), p. 363, VOX{_T.

320 1. G. Edgar, The Boyhood of Great Mem (New York:
Harper Brothers, 1853), pp. %EW—IB.

521 W. W. Rouse Ball, A A Short Account of the Hisbor of
Nathematies (London: MaemiTlan and Company, 1015)5 De a47s

S22 Je G Edgar, p_Ea Slj-;t-., Do 145,
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Galileo was the eldest child of the family. At the
time of his birth his father was determined that he should
become a cloth merchant in hopes that he might restore the
family fortune .52 When he was but a lad his chief pastime
geemed to be collecting the broken toys of the children of
the neighborhood and mending them. Many times to the delight

of the owner he would add some mechanical device.524

Although
money was mighty scarce, the famlly mansged to send Gallleo
to the convent at Vallombrosa. Here his literary abllity
and mechanical ingenulty attracted a great deal of atten=
tion. The monks of the monastary persuaded young (alileo
that he should join thelr ranks and it was only by persuasion
and almost force that his father removed him from the mon-
astary.585

It was while in Plsa that Galileo attended the church
services in Pisa's great cathedral. In the cathedral was a
beautiful bronze lamp hanging from the ceiling. The lamp
had just been lighted and returned to its place. Galileo
happened to notice it swing to and fro. Finally he discovered

that each oscillion was made in the same length of time.

Soon after this he made known his laws of the pendulum. FHe

325 pavid Eugene Smith, History of Mathematics (Boston:
Ginn and Company, 1915), Vol. I, pp. 463=64.

324 ;. g, Bdgar, op. clt., p. 144.
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had timed the swinging with the beating of his pulse, le
conferred with some of the doctors of the university and
suggested that the first thing that should be done in every
medical disgnosis was the cdunting of the pulse beat to see
whebther or not it was errmal.r‘z’g6

Gallleo had never been allowed to study mathematics.
One day, unknown to hisg father, he atlained admlttance to a
lectcure on geometry. He found it immensely interesting and
soon began to study it. Gallleo's father finally gave his
consent to (Galileo's plan of dropping the study of mediclne
and devoting his entire time to the study of mathematlcs.
By 1589 his reputation as a mathematiclan was so great he
was granted the professorship of mathematics at the Univers
sity of Pisa. Mabthemabtics was not considered a vVery neces-
sary or important subject at that time. This 1s lndicated
by the fact that a professor of medicine at that time
received the salary of $2150 a year while the professor of
mathematics received a salary of only 4’565.527 buring the
next three years Galileo carried on experiments in physlcs.
Galileo's experiments brought him much criticism and he.dld
not hesitate to ridicule people who mede unwelcome remarks

about them. Gallleo!s career in Plsa ended when he

o6 New Internationsl Encyclopedia, "Gallleo.," Vols IX

p. 4:].0.

827 David Fugene Smith, History of Mathematics, (Bostoni
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tactlessly condemned an invention of a relative of the
Medici family who had been very influential in gecuring the
pogition at Piga for h:ﬁ.m.‘gz8

Because of his influence with the Venitian senate,
Gallleo was appointed professor of mathematics at Padua.
Here he had sufficient time to carry on his experiments.
It was here that he made the first thermometer and stated
the law of falling bodies. This law states thet ‘bwo bodies
of different welghts will fall at the same speed through
the air if they are dropped from a high place. He had car-
ried on’experiments testing this law by droping bodies of
different weights from the top of the Leaning Tower of Pisa.szg

In 1602 Galileo heard that a tube contalning a lens
which magnified objects had been made by Hans Lippershey.
This gave Galileo an idea,.and he immedlately set to work
on What became the first telescope. This is the resson that
some of the telescopes bear the name of Galileo to-day. In
a few months he had made instruments which would magnify
objects thirty-two times. The invention brought honors as
well as a small fortune to Gallleo. He gave up his position
at Padua.230

Galileo published a book by the name Dialogo sopra dei

328 y. w. Rouse Ball, op. cit., p. 248,

329 1piq, pp. 248-49.
330 Ibid, p. 249.
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due massini sisteml del momdo Tolemaice e Copernicano. The

book was written in the form of conversation between three
men. The book was published in 1632.561 Soon afterwards he
was called to Rome to defend his book which had been con-
demned as being heretical. Galileo pleaded 111 health but
was obliged to make the journey. He was tried for heresy on
the charge that he had sald that the earth moved around the
sun. Gallleo was compelled To renounce, in the presence of
a great assembly of cardinals, monks, and mathematiclans,
kneeling before them with his hand ypon a gospel, the
great truth he had maintained. Tradition tells us that he
recanted to save his lvii‘e, but under his breath he murmured,
"But nevertheless it (the earth) does move just the same , 1952
Some people have told the piltiful story of how Galileo
was taken to prison and there tortured for the rest of his
life, However, it 1s generally agreed that he returned to
Florence. Here he carried on his work in spite of the fact
that he lost his eyesight. His blindness may have been due
to the imperfections of the telescope which he worked with
almost constantly. Some of his students helped him with his

work until his death. Blindness, deafness, want of sleep,

and pain in his limbs helped imbitter the last years of

! vera Sanford, "Galileo." Mathematlcs iIeacter,
Vol XXIV, p. 119, (February, 1931)

582 gneyclopedia Americana, 2nd edlblon, Vols AXIL,
p. R58. '
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the life of #2lile0.53% Arter Galileo had lost his eye -

sight he was visited by the poet Milton. Milton mentioned
this visit in his great epic, "Papsdise Lost",354

/
33+ RENE DESCARTES

René Descartes was born near Toura, France on the
thirty-first of March, 1596, His father was a man of wealth
and a member of one of the best families of France. Half of
the year, during which time the French Parlisment wag in
session, he spent in Rennes. The rest of the time he spent
on the family estate, Des Cartes, at La Haye.

Rene’was the second child of a family of two sons and
one daughter. At the age of eight he was sent to a Jesuit
school at La Fleche. In his later years Descartes remeowm-
bered and praised highly the fine educatlon and @iaciplin@
of the school. Rene was not strong, and because of his
dellcate health he was permitted to lie in his bed until
late in the mornings. He followed this custom the rest of
his 1life. While visiting Pascal during the year of 164%,
Rene told him that the only way to do good work in mathema-
tics and at the same time preserve one's health was to lie

in bed in the mornings until he felt ineclined to get up,®3d

558 14, p. 239.
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When Descartes left school in 1612, he went to Paris to

be introduced into the world of fashion. At this time the
men of rank usually entered the army or the church. Deacar-
tes chose the former and joined the army of Prince Maurice
of Orange.556 One day WhenWIalking through the streets of
Breda he saw a placard written in Duteh. The placard aroused
his curiosity. Descartes stopped the first man who passed
by and asked him to translate the works on the placard into
either Latin or French. The stranger happened to be Isasc
Beechman, the head of the Dutch college at Dort and one of -
the best known educators at that time. He told Descartes
that on the placard was written a peometric problem which
had been given as a challence for anyone to solve. At that
time no one had succeeded in obtaining the answer. Beechman
told Descartes that he would translate the problem for him
if he would solve it. Descartes worked on the problem only
a few hours and then greatly surpriéed Beechman with 1ts
solution.337

The solving of the geometric problem mede army life more
distastful than ever to Descartes. However, because of the
tradition and influence of his family, he remained in the
army. All of his leisure time was now spent in the study of

mathemontics. Descartes! ideas for hls analyble geomstry were

336 1pid, p. 269.
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received while yet a soldier. According to one story, he
received his first ideas in a dream. Another story tells
that his first idea came while watching a fly crawling along
the celling of his room. "The fly was near the corner and
his flrst problem was to express the motion of the fly in
torms of 1ts distance from the walls. The third account
states that he developed the subject while lazily lying abed
on a cold day when the army was laying seige to a city. o8
Descartes resigned from the army in 1621 and spent the
next five years traveling. He settled in Paris in 1626,559
and there he has been described as "a little well built
figure, modestly clad in green taffety, and only wearing a
sword and feather in token of his quality as a pgentlenan, "5340
In 1628 he moved to Holland whers he spent the next
twenty years, giving his time entirely to philosophy and
mathematics. He disregarded all socisl functions and lived
what might be called an unsocisl 1life. Descartes was sum-
moned to the‘court of wueen Christins of Sweden in 1649 ,541

He had never bLeen strong. The rigor of the northern winter

338 yera Sanford, A Short History of Mathematics (Bos-
ton: Houghton Mifflin Company, 19307, p. 43.

359 pavid Eugene Smith, History of Mathematics (Boston:
Ginn end Company, 1925), Vol. I, p. 874.
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combined with the long hours which he was expoacted to work
caused his death from inilam-stion of the lungs a few wmontha
after he reached Stockholm, Sixteen years lster his body was
brought to Paris and burled in the church of St. Cenevieve

de Mont.

Descartes was a small man with an unusually large head,
a projecting brow, prominent nose, and black hair coming dewn
to his eyebrows. Hls volce was very feeble. His two cdhief
characteristics were his selfishness and his coolness toward
other people. He was nbt as widely read as wight be exvected
of one of his genius, He despised boﬁh.learning and srt une
legs 1t could be used directly in one's work. Descartes
never married so left no descendants although he had one
1llegitimate daughter who died quite young.342

The most important contribution of Descartes but by no
means the only important one, was his invention of ahalytical
geometry which is the basls of nearly all modern mathematics.
This invention on geometry was given to the world in his
book La Geometrie, which appeared in 1637.9%% 1In analyticeal
geometry the position of a point is described by tuo numbers
which represent the distences of the point from two perpen-
dicular lines of reference. Ry this device it proves to be

possible to solve geometric problems by the means of algebra.

542 W. W. Rouse Ball, op. cit., p. 271,
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This was a most significant step for 1t broke down barriers
which had prevented geometry from neking advancement, and

wes a stepping stone to the inventlon of calculus.

34 BLAISE PASCAL

Blaise Pascal was born in Clermont, Frence, June 19,
1623 and dled in Paris Apugust 19, 1662, He was the son of
Etlenne Pascal who was a judge end educator in Auvergne,
Pascal's mother died when he was four years old. Soon
afterwards his father, who was a skilled mathemstliclan, re-
signed his position in (lermont and moved with his son to
Paris where he personally supervised the training of his
young Son.544 Pascal!s father insisted that hls education
should include nothing but Latin snd Greek. He hid all the
mathematics books, as he did not want his young son to
study or even see a book which related in any way to mathe-
matics. One day while reading, Pascal ran across the word
"mathematics"., He asked his father what the word meant. He
was told that it was a subject To be studied such as Greek
and Latin., pPascal then asked what the subject treated. His
father replied that it included the methods of meking figures

with expctness and the finding out what proportion they rel=-

atively had one to another. At the same time he forbade

844 Encyclopedia Britannica, "Pascal." Vol XVII,
Pe B0
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young Pascal to talk or even to think ebout 1t.545

Pascal's genius could not thus be confined. Ke thought
about the definition which his father had glven him. Soon
he began slipping from his room with a plece of charcoal and
began drawing figures on the tile pavement which ran in
front of the house in which they lived., He gave names of his
own to all his figures, made his own set of axioms, and soon
began maklng perfect demonstratlions, In this way he arrived
at the theorem, "The swm of the angles of a triangle equaks
two pight angles." His father found him studying over the
théorem one day and was so surprised at the genius of his
son that he wept for joy.546 When Pascal's father asked him
what some of his figures were called, Pascal pointed to a
circle and told him that 1t was a round, He also called a
straight line a bar. Pascal explained to his father that it
had been with great difficulty that he had discovered how to
draw a perfect circle, equilateral triangles, and other fi-
gures which he had used in his Work-547

Pascal's Father was still afraid to let hls young son
go ahead with the study of mathematlcs. Among the elder

Pascal's friends were several sclentists of renown, He went

O40 W. Ws Rouse Ball, ops cit., p. 8.

346 Florisn Cajori, A Hlstory of‘Mathomatica (New York:
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to consult them at once and the sclentists advised him to
let young Pascal pursue the study of mathemstics in whatever
way he desired. TImagine young Pascal's joy when he was told
that he could continue hig studies and might even be allowed
to have books to aid him in his work. No doubt he had been
afraid that his fsther would deprive him of gsome of his
privileges because of his disobedience.048

Many historians believe that 1t would have been impos-
sible for a boy of twelve years old to have rediscovered so
mach of Fuclid's Elements. However, Pascal's sister, HMadame
Pé}ier, in her biography of Pascal, gave the above account.
In the biography she also made the statement that the lad at
the age of fourteen was admitted to the weekly mestings of
the Geometry Circles. The Goometry Clrcles were cbmposad of
some of the best known mathematlclens at that time. It was
very unusual for a boy of fourteen tb be admitted into the
group.549

Pascal was still forced to spend rost of his time in the
study of lenguages. His sister sald that geometry was his
recreation and corics were his toys. At the azmeof sixteen
Pascal wrote a treatise on conics which was sald to have
been the hest thing of its kind to be written since the tire

of Archimedes. When Descartes heard about the treatlse he

348 1pid, pp. 202-3.
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refused to believe that it could have been written by any-
one so young as Pascel and thought that surely it had been
written by his father., Leibniz saw the treatise when he was
in paris. After he had reported on its contents, he sugges-
ted that 1t should be published. However it never was and
1s now lost.550 | |

i Abbutithe‘éame time Pascal discovered the famous theo-
rem.known gS "pascalls Theorem". The theorem states "The
thiee points defermined by producing the opposite sides of
a hexagon inscribed in a conic are collinear." He deduced
more than four‘hundred corollaries from this theorém.SBl

Péécal's father returned to work in an importer's office
when Pascal was eilghteen. One day Pascal vislted the
office and watched his father labor for hours over long
colﬁmné of figures. He made up hls mind that 1t was foolish
to spend so muéh time working over such columns of filgures.
He immediatelj set about to make a calculating machine which
he finished at the age of nineteen. The king of France
heard sbout the machine which could add such long columns of
numbers and‘commanded Pascal to bring it to court. After
exhibiting the machine Pascal was glven the right to manu-

facture it. The modern adding and calculating macliines ure

580, 3o e B T A Tt Fevinle o
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all developments of this invention by Paseal,?9%

At the. age of twenty-seven Pascal'as health was very

much rnpair‘ed.‘ He gave up the study of mathematics and

went to a monastary at Boveu where he began the study of

religion. Three’yea‘rs later his father died and Pascal went

to Paris to teke care of his father's estate. He temporar-

ily returned to his study of mathematics and science.®9d

In 1657 while riding one day in a carriage drawn by four

horses, the horses ran awsy and dashed over the parapet of

the bridge. The only thing that seved the 1ife of Fascal

was the fact that the trates broke. This' event caused Pas-

cal to believe that he hadn't been leading the risht kind

of a life. He moved to the monastary at Port Royal where

E . [
his sister was a mun.5%4 Although he did. not become a mem=

- ber of the Jesuit order, he spent his time in prayer and

practices of mortification. One' guthor quoted from a letter

of Pascal's in which he spoke of a sinful thought he had had

and afterwards for gome time wore an iron girdle studded

with sharp pleces of iron with which ‘he would plerce him-

self.29% It 1g said thet one night Pascal was suffering

with a tobthache. He was unable to sleep and some time dur |

1

~

ing the night he discovered cortain important propertles of

ton:

"552 Vera Sanford, A Shorﬁ Histo%ﬁ of Mathematics (Bose-
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the cycloid. Thias is the curve which is traced by a point
on the rim of a wheel rolling on a straight line. This work
with the cyclold helped to prepare the way for Newton's in-
vention of the calculus.555

The following group of figures 1s known as the "Pascsl's
Triangle":

1
1 1
1 2 1
1 5 & 1
1 4 6 4 1
1 5 10 10 5 1
1 8 15 20 15 6 1
I v 2l 35 35 21 7 1
1 8 28 56 70 H8 28 8 1
L 9 36 84 126 126 84 36 9 1

Each number, excepting the border one, is the sum of the two
nearest numbers in the row lmmediately above. The numbers In
the Nth row are the coefficients in the expansion of
(a + b)2. Thus, (a + b)%,a%+ 4050 + 62202 4 4apd+ b%,%%7

Pascal's utter disregard of the rules of healthful liv-
ing hastened his death which occured at the early age of

thirty-nine.
35. SIR ISAAC NWEWTON

Leibnlz gave a very generous tribute to Sir Isasc Newton

356 plorian Csiori, A Hlstory of Mathematics (New York:
Macmillan gompany . , 19247, p. 165.

=
307 Now International Encyelopedia, 2nd edition, "Pascal
Triangle." Vol. XVIII, pp. L36-37.
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when he said that 1f oné were to consider all the mathema-
tilclans from the beginning of the world to the time of
Negwton, that part of mathematlcs which was due to Newton
would be by far the most valuable.358

Isaac Newton was born in Lincolnshire, near Grantham,
England, on December 25, 1642. He was so weak and fesble at
his birth that there was very little hope of hig surviving
more than é fow hours at the most. Two women were sent for
medicine to strengthén him and were greatly surprised to
find the boy stilll alive on their return. Isaac's father
tied a short time before hisg blrth. His mother later mar-
ried the village rector,>o9

Isaac's mother sent him to a village school at Skilll-
ington when he was quite young.. At the age of twelve he
entered the public schools of Grantham. Newton was very
inattentive to his schoolwork, was a general'nuisance to his
teachers because of hisg indifference, and always ranked the
lowest in hig classes., One day while Isaac was playing with
some of his school mates, a boy who always ranked high in
his class gave Isaac a kick in the stomach. The boy was
larger and stronger than Isaac, and for several days Isaac

could think of no way in which he could get even with the

558 pavig EBugene Smith, History of Mathematics (Boston:
Ginn and Company, 1925), p. 404, Vol. I.

559 J G. Bdger, The Bovhood of Great Men (New York:
Harper Brothers, 1883), p. l71. '
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boye One day while sitting in the class room he had a
happy thought. There was one way in which he could get even
with the boy who had kicked him. He would gtudy hard and
show the boy that someone could rank sbove him. From that
time on Isasc continued to rise until he held the place of
highest rank in his clagg,560

Although Isaac was considered a sober, silent, thinking
lad who was éomewhat fond of retlirement, he was always very
observant. One day he noticed that a windmill was being
congtructed near his home. Isaac went every day to watch
the progress in its construection, and several men remarked
that he seeméd unusually interested in its design., Soon af-
terwards on the roof of the Newton home was found & minia-
ture windmill modeled after the one whose erection had
interested young Isaac. It was so perfect that many people
praised him for his work. To thelr surprlse he seemed to
think nothing of the perfectlon of his model but was very
happy to think that the wind would actually turn the wheel 961

Isaac introduced about this time the flylng of paper
kites. This past time had never been introduced in England
before. Another of Isasc's inventions was the water clock,
Long after his deperture from (rantham, the clock was used

by the surgeon with whom Isasc had made his home while 'n

%60 1pid, p. 172,
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school. Another thing in which Newbon seemed to find enjoy-
ment was adding mechanlcal devices to the toys belonging to
the neighbor children.>62

Isaac's family had planned that he should be a farmen
and carry on the work of hls father. At the age of fifteen
he was taken from school to asslst his mother in the managze-
ment of the farm. However, he wag of no asslstance., Instead
of helping with the work he spent his time making experi-
ments, solving problems, or working with some mechanical
device. One time Isaac'a mother gent him to town Lo market
gome pigs. Isaaé gtabled his horses at the inn and immedi-
ately went to the room which he had used when attending
sehool. ihen a servant found him he was poring over a volume
which had been covered with dust. His mother goon reslized
that it would be impossible to interest Isaac in farm work
and he was allowed to return to school at‘Gfantham.Ses

Isaac's uncle had received his education at Cambridge
and it was through his recommendation that Newton was sent
there to finish his education. He entered Cawmbridge in 1661
and for the first time in his life found himself among aur-
roundings which were to develop his character and powers of

4
genius.“64
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Newton kept a diary in whieh he mentioned the faot that
he had never studled mathematics hefore this time., It ie
possible that he might have read a book on logic by Sander~
son which was taught in the elementary schools as a foundsa-
tion for the study of mathematics. In October during his
first year at Cambridge, Newton walked to Stouridge where
a county falr was being held. Here he picked up a book on
astrology and upon examining 1t found that he could not
understand the book because of his lack of knowledge of
geometry and trigonometry. Newton bought a copy of The

Elements of Euclid and upon examining 1t declded thet the

theorems were too easy and trivial for him to waste his tlme
studying. He then bought Descarte's Geometrie which hemas-
tered with some difficulty. It is sald that Newton made the
statement later in his life that he had always been sOrry
that he had not mastered Euclld's geometry and made a thor-
ough study of his other works before beginning the rest of
hix mathematical work . 569

During the year of 1665 a great plague swept over Eng-
land. The schools and all public bulldings in the .country
were closed. Newbon spent several months during this time
at his home in Woolsthrope and here discovered the binomial

theorem which 1s so important iIn algehva.ﬁﬁs

365 1pid, pp. 520-21.
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Newton was given a Bachelor of Arts degree from Cam=-
bridge in 1665. By the time he received his Master of Arts
degree in 1668 he was considered the greatest and most
promiging mathematiclan and physlelst In England and one of
the greatest if not the greatest In the world.567

In 1669 Newton weas given the Lucasian professorship at
Cambridge; His dutles as a professor were not heavy. Once
8 week he would don his black robe and powdered wig and
lecture to his class for a half hour. His lectures were
glven ag fast as the students could take notes on them.
The following week he would set aside four hours during which
time the students who wished to come to his room to discuss
the previous lecture might do so. Newton gave lectures dur-
one term each year and never repeated a lecture. Iach course
consisted of nine or ten lectures and usually the lectures
of one course began where the lectures of the previous one
ended ,568

There are several stories told about Newton during the
time he was lecturing at Cambridge. One of them relates that
Newton had placed hils notes for the lectures he had glven
for several years on the table one evening, planning to start

organizing them for a book he intended to write. w®hile

367 David Bugene Smith, History of Mathematics (Boston:
Ginn end Company, 1925), Vol. 1, p. 400,

368 w. w. Rouse Ball, op. cit., p. 324.
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Newton was busy doing something else, hils pet dog Jumped
upon the table upsetting a burning candle. The notes were
ableze and before the flames could be put out the notes were
destroyed. Newton looked at the dog, Diamond, and with a
sad note in his voice said, "Diamond, Diamond, you little
xnow what demage you have wrought."969

Another story tells that Newton had a pet cat and a net
kitten., These two pets gtayed in his room most of the time.
Newton didn't like to leave his work long enough to open the
door for them whenever they wanted to leave the house. Af-
ter some thought and deliberation Newton cut two holes in
the door of his room, a large one for the cat and a small
one for the kitten.svo

In spite of the persistence of such stories it 1s dub-
jous 1f few or any of them are true. Newton had an aversion
for peta or any kind and probably nelther cat nor dog were
ever in his possession.371

While sitting in the garden one day, so the story goes,
an apple fell from a near-by tree to the ground. Newton had
spent a great deal of time studylng gravitation and why it

was that people and objects here on the earth could remain

569 Vera Sanford, A Short History of Mathematlcs (Boge-
ton: Houghton Mifflin Company, 1930), p. 50.
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on the earth while it was rotating on its axls at such a
rapld rate. The falling of the apple gave Newbton an ldea
from which he was able to work out the law of gravitation.
This law states that every particle of matter in the uni-
verse abtracts every other particle with a force directly
proportional to the mass of. the attracting particle, and in-
versely to the square of the distance between them.o <
| In 1672 Newton was elected a member of the Royal Soci-
ety, which was made up of men who had done Iimportant things
in the fleld of science or mathematics. A year after his
election he sent his resipnation to the secretary., Te lived
too far from London to attend the meetings, was the reason
he gave for hils resignation. The secretary vrealized that
the true reason that Newton desired to leave the soclety was
because he could not afford to psy the dues which were one
shilling a week. The secretary lmmediately corresponded
with several members of the soclety and at the next meeting
it was voted to excuse Newton from the payment of duesg.373
Newton's position as a professor at Cambridge did not
glve him an income which was sufficient for his living ex-
penses; therefore, in 1696 he resigned the Lucasien chalr

and accepted a positlon as Warden of the Mint of England.

872 J. G. Edgar, The Boyhood of Great Men (New York:
Harper Brothers, 1853), p. 179,

373 Vera Sanford, op. clt., p. B53.
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Some authorities say that Newton resigned his chalr because
he realized the time during which he could do the most for
gcience and mathematics was over. Others believe that he
resigned because he wanted to experiment with alechemy, whilch
is the professed art of transmitting the baser metals into
gold.574

Because of his work in sclence Newton was elected pres-
ident of the Royal Society in 1703. He held this office
for twenty-five years or until his death. Two yeara laber
he was knighted by Queen Anne.575

One evening while giving a dinner for some of his
friends, Newbon left the table to set a bottle of wine. On
the way to the cellar he became interested in gomething elae
and forgot about his guests. When Newton did not return his
guests began to wonder what had happened to him, After
searching for some time they found that Newton had gone to
his voom, put on his surplice, and had gone to the chapel for
some religious service.576

One day when Newbton was riding horseback he notlced

something by the side of the road which was of interest to

him and which he wished to inspect. He dismounted and, hold-

374 1414, p. 54.

875 Ibid, p. 55,

376 pavid Tugene Smith, History of Mathematics (Boston:
Ginn and Company, 1925), Vol. T, p. 404.
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ing the reins of the brildle in one hand, inspected the obe
Ject. VYewton then started to walk up the road and when he
roached the top of a near~by hill turned to remount his
horse. Imagine hls surprise when he found that his horse
wes at the bottom of the hlll grazing by the roadside and in
his hand was the horges! bridle whieh he had dragged u» the
hill behind him.377

Newton was of average helght and was somewhat stout in
his old age. He had long wavy hair which became a silvery
white when he was sbout thirty. After his hair became white
he was never known to wear his wig.sva From the time he was
an infant, when he was not occupiled with his studies, he
preferred the company of the women 1n the household to that
of his thoughtless schoolmates. Among these was a young
Jady, clever and attractive, for wvhom Isasc formed a deep
friendship., However, the friendship or affection faded be-
cause of Newton's poverty, and he never married. Newton's
married niece was his housekesper. He kept a carriasge and
s8lx servants, three men and three women. At his home there
was always hospitallty and his friends were assured a hearty

welcome.579

377 Loc. cit.

378 W. W. Rouse Ball, A Short Account ol the Hlstory of
Mathematics (London: Maemlllan and Company, 1915), D g%ﬂ.

379 Philip Tenard, Grest Men of Science (New York:
Macmillan @ompany - -, 19%3), p. 171,
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Newtoh dled in 1721 at the age of elghty-five and was
buried in Méstminister ﬁbbey.ago Many people today, when
yvisiting t%at'famous old church, pause before hils tomb and
pay homagé%to one of the greatest men this world has ever
known. ‘Vogtaire was one of the many noted men who attended
the funera; of Newtﬁn.

Lateruwhen he wgs an old man, Voltaire did much to make
Newton's philosophy known in France. It has been said that
the eyes of Voltaire would grow bright and that his cheeks
would flush when he gaid that at one time he had lived in =
land where a professor of mathematics,»only because he was
great in his vocation, had been buried like a king who had

done good to his subject.381
36. THE BERNOULLIS

The Bernoulll family,one of the most unusual farilies
in history, for several generatlions provided leaders in the
field of mathematica. Belgium was the original home of the
family but during a religious persecution they were forced
to leave that country and they made their home in Switzers
land. The following is a family tree of the DBernoulli

family showlng only those who were mathemntlcal leaders.582

380 pavig Bugene Swith, op. eit., p. 404.

381 Log. eit.
382 1pid., pp. 426-33.
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The first of bthis family to become known because of

thelr mathematical work was James Bernoulli. Jeames' family

had intended that he should become 2 minister.

his father's objections, he

thematics.

and England, he returned to

After traveling

Switzerland in 1682.

In spite of

made an-exbensive study of ma-

in France, Holland, Belgium, and

He immed-

lately began the study of calculus and in 1687 he became

professor of mathematics at the Tniversity of Basel.

He was

one of the first to make calculus a ponular study and wrote

the first book on the theory of probability.383

John Bernoulli was thirteen ycars younger than hils

Lrother James.

become & merchant,

prefer the study of medicine or llterature.

283 Ibida, ppe

His

father was determined

that John should

John, however, thought that he would

4R7-428.

He =soon found
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these dlgtasteful end began the study of mathematlics. In
1695 John became professor of mathematlcs at Groningen Uni-
versity. Ten years later he was elected to fill the place
left vacant by his brother's death at the Universlty of Bssel.
John probably wrote on a larzer range of subjects than hils
brother James. He wrote on calculus and was one of the
most influentlal scholars in Europe in making the subject
gppreciated by university students .84

Deniel Bernoulll, the son of John Bernoulli spent
several years in Russia as professor of mathematlics in the
Academy of Petrograd. The soclal life of Petroprad was too
rough to please Danlel. When he became 1]l in 1733 he took
- his i1llness as an excuse to resign his professorship and re-
turned to Basel. Here he became a professor of mathematics.
A few of his works related to pure mathematics. These in-
cluded the computing of trigonomebtric functions and obntinued
fractions.585

Nicholas I was a nephew of James and John. His first
position as a professor was at Padua in 1716. Later he re-~
turned to Basel where he wes the fourth member of the Ber-
noulll family %o be professor of mathematics at the Univer-

sity. He had gtudied to be a lawyer and his first book was

on the theory of probabilitv in leral matters. Daniel also

584’ Ibido, Pl)- 428“89'
388 1pid, p. 431.
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wrote on pgeometry and differentlal equations.saa
Nicholas IT studied law. He spent mome time in Lravel-
ing before becoming a professor of law at Bern. He was
called to Petrograd o become professor of mathematics at
that' place. Here he died at the age of thirty—one.587
- John 'IT studied law but later in his 1i1fe he sapent .
gseveral years as professor of mathematics in hils native
city.588
“John IIT also studied law. He soon turned to mathema-
tics and bécame & beacher of mathemabics at the.Academy of
Sciences in Berlin. John III was very much interested in
the history of astronomy. However, he wrote on factorling,
indeterminate equations, and the doctrine of chance 569
“Although the other Pernoullis were interested and were
leaders in the fileld of mathematics, thelr work was not as

important as those members of the Bernoulll family which

have been mentioned.sgo
37. LEONARD EULER

Leonard Buler was born at Pasel on April 15, 1707, and

386 1big., p. 432.
387 Loc. c¢it.
388 Loc. cit.
589 Loc. cit.
390 loc. cit.
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dled in Petrograd on September 7, 1783. He was the son of
a Iutheran minister who was well versed in mathematics.
Leonhard reeelved his first mathematicsl education from his
father. Later he went to the Unlversity of Basel to study
under John Bernoulli and it was here that he formed life-
long friendship with both Daniel and Nicholas Rernoulli.o9l

When Nicholas and Daniel went to Petrograd to work in
the University, they persuaded Catherine I, Queen of Russia,
to invite Euler to come to the University where he taught
-mathematics and physics. In 1735 Huler solved an astrono-
milcal problem in three days which several eminent mathema-
tilcians had been working on for several months. To work
the problem Euler used some Improved methods of his own
which héd not been givén to the public. |

The climate had affected the eyesighﬂ Qf Euler. This’
and the strain of solving the problem caused Fuler to lose
the uée of his right eye. When Aunne I came to the throne of
Fussia, her despotism caused gentle Eulér to devote all of
his time to sclence and pay no attention to public affairs.
Fuler was called to Berlin in 1741. The Queen of Prussia,
who received Euler kindly, couldn't understand why such a
distinguished scholar should be so timid, reserved, and si-
lent. When FEuler was consulted sbout it, he replied, "Madam,

1t 1s because I come from a country where, when one spesks,

591 W. W. Rouse Ball, A Short Account of the History of

B

Mathematics (London: MacomiTlan and Company, 1915), D. o95.
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one 1s hanged."992

In 1766 Euler with difficulty recelved permission to
leave Berlin and return to Russia upon the recuest of Cath-
erine IT. About three years later he became blind. In
'spite of this, and although his house burned in 1771, de-

atroying most of his papers, Euler rewrote and improved his

egrlier works.595

" When the French philosopher, Denis “iderot, paid a
visit to the Russian court, so the story goes, he conversed
very freely with many of the younger members. He displeased
the Czarina with his anti-religious views and she asked Nuler
to help suppress him.

Diderot was informed that a learned mathematic-
ian was in possession of an algebraical demonstration
of the: exlstence of God, and would like to give it
to him before all the court, i1f he desired to hear
it. Diderot gladly consented; though the name of the
mathematician was not given, 1t was Euler. He ad-
vanced toward Diderot, and said gravely, and in a
tone of perfect conviction:

"Monsieur (a b®)/n = x, don Dieu existi,
repondez.”" (8ir, (a b%)/n = %, therefore, God ex-
ists. Can you answer that?)

Diderot, to whom algebra was Hebrew, was em-
barrassed and disconcerted; while peals of laughter
rose on all sides. He asked permission to return to
France at once, which was granted,®9%

592 Florian Cajori, A History of Mathematics (New York:
Maemillande:. . . ., 1984), D. 25E.

395 W. W. Rouse Ball, op. cib., p. 393.

394 Yers sanford, A Short History of Mathematics (Bos-
ton: Houghton Mifflin Company, 1930), pp. 66-7. (Clting:
David Eugene Smith, editor, Budget of Paragoxis, 2nd edltion,
Vol. II, p. 4, Chicago, 1915) ,
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Euler's writings were so numerous in number that there
has never been a complete edltion of his works published. In
1909 the Swiss Natural Science Association voted to publish
Euler's works in their original language. The mathematical
organizations of France, Germany, America and other countries
as well as indivlidual donors are giving financial aid. When
the work was started it was thought that 400,000 francs
would cover the cost of the work. However, a mass of new
manuscripts have been found in Petrograd. This new material
will cause the cost of the publicatiohs to exceed the ori-
ginal estimate .599

Although Euler's work was mostly in higher mathematics,
he gave some important things %o the field of elementary
mathematies. Foremost smong these is the lettering of s tri-
angle as 1t is lettered today; that is, if the angles of a
triangle are designated by the letters A, B, C, the opposite
gldes are named a, b, ¢, respectively. Euler was the Flrst
mathematician to use 1 for the =1. Gauss used this same

notation later.996

38. KARL FREDRICK (GAUSS

Karl Frederlck Gauss wasg born of poor parents in the
town of Brunswick, April 23, 1777. His grandfather, having

395 Gajori, Florlan, op. cit., p. 233.

396 1p14., p. 234.
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tired of the farm and thinking there were other things he
would rather:do, had left the farm and moved to Brunswick.
Here he earned 4 living for himself and his family by follow-

Ing the oceupation of a gardener, which also became the

principal .oceupation of Gauss! father.o97

Although the Geauss family were very poor, they were
taught -to appreciate the better things of 1life. TYoung Karl
gave Indication of unusual gifts and talents. He learned to
read by himself, asking the older people how.certain letters
were pronounced. His mastery of arithmetic, even before he
had any tralning in the subject, grestly surprised every one .
The marvaloué aptitude of Karl for calculation brought him
to the notice of Duke Karl Johann Ferdinand whén he was fif-
teen years old. The Duke of Brunswlck became and remained
the protector and patron of Karl.sgB

- It was to the Duke of Brunswick that Karl was indebted
for e liberal education. His parents, who wished to profit
by hls wages as a labofer, dld not encourage his education.
In 1792 Guass was sent to Caroline College. At the end of
three years the professors and pupils admitted that he had
learned all that the professors could teach him. (Gauss must
have studied Newton's Principla because it was thig that

allowed him to enter Gottingen University in 1795 where he

397 Philip Lenard, Great Men of Science (New York:
Maemillen Company 7, 1933), p. 244,

398 Thid., pp. 245-46.
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sﬁudied for three years. Until the desth of the Duke of
Brunswick, Gauss recelved a pension, so that he was able to
devote all of his time to his work in mathematics. In the
year 1807 he went to the University of Gotbtingen as professor
of mathematics, a post which he held untll his death in 1855
at the age of seventy-elght.o99

Gauss married twice but both of his wives died when they
were quite young. The younger of his six children, a daugh-
ter, remained with her father until hils death. Several of
Gauss' descendants are now living in Missouri, near Kansas
City.400

Gauss was the last of the great mathematiclans whose
interests were universasl. While his interests'may have been
chiefly in the fileld of higher méthematics, many of hls dis~
coverles were in the lowér branches. One of hils many
discoverles was the construction of a regular polygon of
sevenbeen sides with a ruler and compasses. Along with this
dlscovery Gauss gave a theorem by which it 1s possible to
tell what regular polygons can be constructed. The formula
is oM (28 + 1) whore m and n are integers and 2%+ 1 1s a
prime. By the use of thisg formula 1t may be found that reg-
ular polygons of 3, 5, 17, 257, 65, 537, ete. or any multiple

399 W. W. Rouse Ball, A Short Account of the HistQ%% of
Mathematics (London, MacmilTan and Compeny, 1915), De 447.

400

Philip Leonard, op. cit., ». 245.
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of these numbers mey be constructed.401

Gauss 1s also noted for his work in theory of equa-
tions. The theory of numbérs was his hobby. At one time
Gauss made the statement "Mathematics 1§ the queen of sci-
ence and the theory of numbers is the queen of mathematiecs."40%
One of: the many things which CGauss gave to the world as a
result of his work in the theory of numbers is "the Punda-
mental Theorem of Algebra". This thoorem states that every
algebraic equation with complex coefficients has a complex
(real or imaginary) root.49%  Gauss was never known to rush
the completion of a problem once he had 1t started. This
was probably because he enjJoyed the progression of his work
and 1t has been sald that the completion ofauproblem often
was sorrowful to him and he was not satisfled until he had

startsed work on another.4o4

401 w. w. Rouse Ball, op. clt., p. 452,

402 pavia Bugene Smith, History of Mathematics (Boston:
Ginn and Company, 1915), Vol. I, ps 50%.

403 w, w. Rouse Ball, op. cit., p. 448.
404 pnilip Leonard, op. cit., pp. 246-47.



CHAPTER VIII
RECENT MATHEMATICTANS AND THETR CONTRIBUTIONS
INTRODUCTION

| The history of mathematics does not close with Gauss.
VBefore this time most of the mathematlecians had covered the
entire field. After the time of Gauss the field became so
large that i1t was almost impossible for onme person to study
all of it as entirety. Thig has led to speclalizations in
the various parts of the field. Many of the more recent
discoveries haVe been in the field of higher mathematicsg.
‘This does not mean that the elementary phase has been slight-
ed. The work of the earliest mathematiclans Iin elementary
ﬁathematics opened the field for discoveries of the wany
trings which are more advanced. At the same time imurove-
ments have been made in the elementary fileld. As it would
be imposqible to mentlon all the recent mathemsticians of

’note, only a few of the more important ones are consldered.
- 39. GOTTFRIED WILHELY VON LEIBNIZ

Gottfried Wilhelm von Leibniz, a German, was born in
1646 and died in 1716. At an early sge he showed great ma-
thematical abllity and read the most lmportant mathemabical
works before he was twenty. Leilbniz studied law before he
entered the diplomatic service. He traveled quite exton=~

sively and met some of the leading mathematlclans of Holland,
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Ingland, and France. After Leibniz returned to Hannover he
became librarian to the duke. The Leibniz home i1s now used
as a museunm in Hannover,
Leibniz's leisure time gave_him sufficlent opportunity
to work on mathematics. His chief contributlonsg to the
field were differential and integral calculus. Leibnlz also

©did some work on symbolism in algebra.405
40, JOSEPH LEWIS LAGRANGE

Joseph Lewils Lagrange, who was born in 1736 and died in
1813, was one of the greatest French mathematicians of the
sixteenth century. VWhen Fredrick the Great wrote to Lagrasnge
that "the greatest king in Europe” wanted "the greatest
mathematician in Burope™ at his court, he did not exagger-
ate in the least his own reputation or that of Lagrange.

Lagrange showed no taste for mathematlics until he was
seventeen. At that time he commenced to study phe subject
without any help. In the next two years he began making
discoveries of his own. Lagrange enriched algebra by his
'work on the solution of the algebralc eguation., He also did
extensive work in calculus, theory of e~uations, determinants,

and differentianl equations.406

405 pavid Eugene Smith, History of Mathematics (Boston:
Ginn and Company, 1915), Vol. K, pp. 417-18.

406 Morian Cajori, A History of Mathematics (New York:
Maemlllan qomphny » L1924), pp. £560-59 .
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4l. PIERRE~SIMON LAPLACE

Plerre-Sinon Laplace, a French mathematicien, was born
In Normandy in 1749 and died in 1827. He was the son of a
Farm laborer and owed his education to some of the wealthy
friends of the family. In later years, when Laplace had be-
come distingulshed for his mathematical works, he held him-
self aloof from both hls parents and those who had helped
him in his education.

I\Tathaniel Bowditeh, an American astronomer, sald that
e never came across the phrase, "thus it plainly appears”
which Laplace used, without feeling that he had hours of
liard work ahead of him before he could indeed find out "just
hrow plainly it appeared”. Taplace is known chiefly through
his work on celestial mechanics and the theory of proba-

bility.407
42. ADRIAN MARIE LEGENDRE

Adrien Marie Legendre was born in 1782 and diled in
1833. He received his education in Paris. Tegendre held a
2w minor govermment appointments during his lifetime but
Laplace used his influence against Legendre. This kept
T,egendre f‘rém obtaining public recognition for his work. He
was a very timid man and accepted hils obscurity without any

e 1 NGV 1 1 s W i —

07 yora Sanford, A Short Hlstory of Mathematics (Bos-
ton: Houghton Mifflin Company, 1930), DPp. 67-68.
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conflict.
Legendre 1s connected with elementuapy mathematics

through his Elements de geometrie. This work was very valu-

able as a textbook. It was received in America very favor-
ably and has been used as a model for the geometry texts in

used in this,country.408
4%. NIELS HENRIK ABEL

N#els Henrik Abel was born in Norway in 1802. Although
he died at the early age of twenty-six, he had accomplished
much in the mathematical field. Abel was the first to prove
that an algebralc solution of the general equatiop of the
fifth degree was impossible. Abel is also known for his

work on elliptic functions . 209

44, AUGUSTIN LOUIS CAUCHY

Avgustin Louls Cauchy, a French mathematiclan who lived
at the same time as Napoleon, was born in 1789 and died in
.1857: Cauchy's 1life seemed full of unrest, partly due to
his own eccentricities and partly to the political situation
in France at that time.

Cauchy's sducation was recelved in the technlcal and

%08 1p1d., p. 8.

409 David/£m$éne Smith, History of Mathematics (Boaton:
Ginn and Company, 1915), p. 527, VO%._T.
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military schools which were established by Nepoleon. He
geemed to be especially interested in engineering. First
hls poslition was as a teacher of mechanics in the Edéle
Polytechnique. Wlthin the next eighteen years he held five
different positions.

In gpite of his unrést, Cauchy publlished about seven
hundréd works on mathematics. The most important of the se
were on methods of determining real and imaginary roots, on
astronomy, and on work which helped bring determinants into
general use.

Cauchy was considered a very concelted man, narrow in
his views, a hard worker, and one who would argue over tri-
fles.4lo

45. EVARISTE GALOIS

Ivariste Galois, a staunch French republicsn, was born
in 1811 and died ip 1832. Because of his political-beliefs
he was thrown into prison twice. At the age of twenty he
was kiiled in a duel over a love affair. Although Galois
did most of his mathematical work in four years, to him is
due one of the most important advances in the group theory.‘
To him we also owe much of the modern theory of algebraic

equations of higher algebra.éll

410 1pi4., pp. 496-97.
411 1p14., p. 498.
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Carl Gustav Jacob Jacobi, who was born of Jewish par-

ents at Potsdam in 1805, was educated at thé University of

Berlin. In 1827 he became professor of mathematics at the

TUniversity of Konigsberg, where he remained until he was

rensloned by the Prussian government in 1342. Jacobil then

moved to Berlin where he remained uvuntil his death in 1351.

The chief works of Jacobi were in the fields of ellip-

tic functions, determinants, theory of numbers, differential

equations, and infinite series.212
47. JACOB STEINER

Jacob Steilner was born in 1796 in Switzerland. At
age df‘fourteen he was unable to read and write. His
_pamenté were poor and unable to send him to school. He
to school at the age of seventeen, belng sent by Johann
Heinrich Pestalozzl. When he was twenty-five years old
began giving private lessons in mathematics at Perlin,
he became professor of mathematics at the University in

1in. Hils later 1life was spent in Switzerland, where he

the

went

he
Later
Ber-

lived

untll his death in 1827. Steiner was one of the greatest

geometers of the modern time.4’15

12 . w. Rouse Ball, A Primer of the Hlstory of Mathe-
mathics (London: Macmillan and Company, 1927)s DD» L2G~20

413 pavid Bugene Smith, op. cit., pp. 524-25.
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48, GEORG FRIEDRICH BERNHARD RIEMANN

Georg Friedrich Bernhard Riemann was born in 1826 and
died in 1866. Riemann received his education at the Uni-
versity of Berlin and the Unlverslty of Gottingen. He be-
came a Professor of Mathematics in the latter university in
185"7.

Riemann's chief work was 1in the field of Non-Euclidean
geometry. Non-FEuclldean geometry 1is an& system of geometry
whose postulates contradlict those of Fueclld. The term is
usually applied, however, to those geometries which deny

Fuclid's Fifth postulate, known also as his parallel poatul%%é.
49. S8IR WILLIAM ROWAN HAMILTON

William Rowan Hamilton, a mathematical product of Ire-
land, was born in 1805, Although a descendant of Scotch
stoek, Hamllton wag aslways proud when he had a chance to pro-
claim himself aﬁ Irishman. Hamilton was one of the infant
prodigles which one meets occaslonally. At the age of three
he could réad English fluently and wes somewhat advanced in
arithmetic. By the time he was twelve, Hamilton had a work-
ing knowledge of twelve different languames. A year later he
had wrltten an algebra boolt whieh has never been nublished.

Hamilton was appolnted Professor of Astronomy at Trinlty

414 Vera Sanford, A Short History of Mathematics (Bog~
ton: Houghton Mifflin Company, 1930), pp. 275-76.
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Ooilege of Dublin while he was an undergraduate in the
school. He was knighted in 1835. Hamilton's first re-
searches were on optics. Later he confirmed the conclusion
Abel had made concerning the solution of a general equation
of the fifth degree.415 Hamilton'svgreatest work wasg in the
field of guaternions.

60. JAMES JOSEPH SYLVESTER

| Although James Joseph Sylvester, who was born in 1814
and died in 1897, was one of the most brilliant students in
his class at Cambridge University, he was denled his degree.
because of hils Jewish faith., He fen went to the Unlversity
of Dublin where he received his first degree. Laber Cam-
bridge awarded him both a bachelor's and master's degree.

Because he could see little oprortunity for advancement
in the teachling pfofession.in England, he accepted an appolnt-
ment as Professor of Mathematics in Virginia in 1841. He
was a fallure and due to some trouble with one of his stu~
dents, he resigned in 1842. Sylvester then returned to
England where he was Professor of Mathematics to Woolwick un-
til 1869. 1In 1877 John Hopkinsg University asked him to
accept a chalr of mathematics. Sylvester did more than any
other one man of hig time to establish graduate work in

America. To him ls also due the founding of the American

415‘David‘Eugsne Smith, op. cit., p. 461.
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Journal of Mathematics,18

51, KARL WEIRERSTRASS

Karl Welerestrass, one of the educational lesaders who
helped to make Germany a gathering place for scholars the
last part of the nineteenth ceﬁtury, was born in 1815 and
died in 1887. Welrerstrass first studied law and then began
to study mathematics., He became Proféssor of Mathematics at
Berlin ih 1864. Welrerstrass was a leader 1ln the ﬁheory of
417

functions and in the theory of irratlonal numbers.

52. ARTHUR CAYLEY

Arthur Cayley, a great friend of Sylvester, was born in
England in 1821. He was the son .of an English merchant in
Petrograd, who hoped that Arthur would htecome his partner in
business. When he was sent to King's College School in ILon-
déﬁ at the a ge of fourteen, Arthur showed much mathematical
abllity. Hls father then sent him to Cambridge where he en-
tered Trinlty College at the age of seventeen. He graduated
from this college with highest honors. About 1860 the Sad-
lerlen professorship of pure mathematics was esgtablished at
Cambridge and Cayley was the first to occupy the chair.

Amerlea 1s indebted to Cayley for a gseries of b ctures glven

416 1p14., pp. 463-65.
417 1p1a., p. 509.
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by him at the John Hophins University on elliptic functions,
Cayley's outstanding work was in the flelds of analytic
geometry and elliptile functions. He died in Cambridge in
1895.418

53. TEE PEIRCE FAMILY

The Peirce Family was assoclated with mathematics at
Harvard or elsewhere for nearly a century. The eldest mem-
ber of this family, Benjamin P&jrce, was considered one of
the most prominent mathématicians of America until hils death
in 1880. He was a graduate of Harvard at the sage of twenty
and became a tutor there tow yeﬁrs later. le was seon
awarded the professorship 1n mathematics and natural philos~
ophy and later the professorship of mathematles and astron-

omy. His outsbanding work in mathematlics was the Linear

Associative Algebra published in the American Journal of
Mathematics in 1881.

James M1ills Pétrce and Charles SanderskPéﬁrce, the two
song of Een]Jamin Pgdrece, were bofh students of Harvard. The
first was professor of mathematics there from 1869 t6'1906.
The second son, Charles, for a number of years, worked on the
Tnlted States Coast and Geodetlec Survey and became well known
for his researches 1in geodesy.

Another relative of Benj]Jamin Fedrce, a second cousln,

418 Ibid., pp. 465~-66.
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once removed, was Benjamin Osgood Plerce. He wrote a num-
ber of valuable papers on mathematical physics.

One other member of the Plerce fatlily was Leona lay

Pierce who worked at Yale University.419
CONCLUSION -

In the preceding chapters many men, who have been famous
for their works in mathematics, have been mentioned. Along
with the biographies of these men have been given a little
of the history of'numbers, symbols, and welghts and measures,
as well as the subject matter included in the modern text-
book of elementary mathematics.

However, the mathematiclans mentioned in the preceding
chapters sre not the authors of textbooks used by the present
day high school student. It 1s from the works of such
mathematiclans as Buclid, Pythagoras, Mahavira, and Boethlus
that the modern authors have received their ideas and subject
matter, rewriting and reorganizing the material'accordng
to the form in which they think it should be presented.

It has been the tendency of the modern authors to sim-
plify the problems given although they contain the same
fundamental principles as the problems written several cen-

turlies ago. TUpon comparing the two followlng nroblems taken

419 pavig Iugene Smith and Jekuthlel Gingbury, A His
Lory of Mathematics In Amerlca before 1900 (Chicago: Upen
Court Publishing Company, 1934), pbe Li0-24.
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from an old English textbook, it ls hoped that the student
of mathematicg will appréci&te the simplicity of modern
problems.

Question

A Tarmer with a plowman doth dgree

That 30 days his servant he should be.

Each day he wrought the farmer is to pay

Him sixteen~pence; but when he was away

Five groatesgs he is for each day to obate.

The time expilred; they thelr accounts do state.
Whereby the master nothing is to give,

Nor has the servant any to receive.

How many days he wrought I do demand,

And how many he play'd I do understand.

Answer

That lazy drone who squandered away

13 days and one third 1n sleep and play,

In 30 days (for all he nothing got)

Degserved to have hlg bones broke, for an 1dle sot.

Question

I happened one evenlng with a tinker to sit

Whose tongue ran a great deal to fast for his wit.
He talked of his art with an abundance of mettle

I ask'd him to make me a flaft bottom kettle.

That the top and the bottom dlameters should be

In just such proportion as five is to three;

12 inches the deapth I would have and no more,

And to hold in ale-gallons seven legs than a score.
He promised to do 1t, and to work he strait went;
But when he had done it, he found it to scant.

He altered it then, and bto big he had made it,

And when it held right the dlameters failed 1t;

3o that meking 1t =0 often too big or too little,
The tinker at last had quite spolled the kettle.
Yet he vows thst he will bring his said purpose to nass,
Or he'll ntterly spoll every ounce of hils hrags.

To prevent him from ruin, I pray help him out,

1he diameters length else he willl never find outb.
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Angswered by Mrs. Barbary Sidway

Well, bonny brave tinker, to save thee from ruiln,
The kind british lasses are actlve and doling;
Because that thou art a brave fellow to mettle,
Teke here the diameters both of they kettle;
One's 24 inches four tenths very near,

T'other fourteen, and 64 cent doth sppear.
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