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INTRODUCTION

Various attempts have been made up till now to define
Mathematics but none seems to have been universally accepted.
So I think itis here needless for me to define it. I would
also like to refrain from dilating upon its origin, importance
and value.

It is a well-recognized fact that among the different
sciences Mathematics occupies a unique place, as it bappens to
be the only exact science. The Greeks had an unflinching
faith in its educational value, and they considered it essential
for any individual to study this important subject before he
or she was allowed to enter the field of philosophy.

In this connection it may be added that the Indians in
general and the_Jaznas in particular have not been behind any
nation is paying due attention to this subject. Thisis borne
out by Canitasarasangraha® (v.9-15) of Mahaviricarya ( 850
A. D.) of'the southern school of Mathematics Therein he
points out the usefulness of Mathematics or “the science of
calculation’” regarding the study of various subjects like music,
logic, drama, medicine, architecture, cookerv, prosody, grammar,
poetics, ecomomics, erotics etc. . -

PLACE oF MATHEMATICS IN ]ALNB“I
The sacred works of ‘the Jainay had been originally com-

posed with a view to provide tor’every agama four expositions,

~technice’ly known as (1) dharimnakathanuyoga, (2) ganildnuyoya,

(3) draovanunyoge and (4) caranakaraninuycga. It was
" Aryaraksita Sari, who, however, discontinued this line of inter-

preting the sacred works in the four ways above, alluded to, as
this m-thod required immense proficiency. He, thereupon,
specified for each of the agamas the anuyoga meant for it, and
classified them accordmgl; In virtue of this new arrangement
Uttaradhvayanasiitra etc.,, come under dharmakathanuyoga,
Saryaprajiiapti, Candraprajiapti, Jambudvipaprajnapli cic.,
under ganitanuyoga, the fourteen JParvas ctc., under

dravyanuyoga, and Acarangasitva, Das'avaikalikasiitra, etc.,

1. This has been edited in A. D. 1912 with an Enpglish translation by Mr,
Rangacharya.
2
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ander coranakarananyvoga, the lust anuvoge vhieh 1s, how.
ever, bv no means less important than the preceding ones,
CGanitanuyoga and Adla are svnonvmous terms. In order
that a religious ceremony of «/iksa (renunciation of the
worldly attachments) may yield the desired fruit, it was
ordained that it should be performed at the right time, in
an auspicious moment. This required the corrcet knowledge
about the motion of the celestial bodies, and this, in its turn,
was dependent upon the krewledge—of-Mathematics. This is

how Mathematics and ganitanuyoga are inter-connected.

Under these circumstances, strictly speaking, to translate
ganttdnuyoga by the word “Mathematics’ is hardly justifiable,
though some of the modern writers have done so. If the
sambandia and the sambandliin are however considered as
one, them, of course, it is admissible. -

From the above remarks it will be evident that it is not
simply because of the fact that Mathematics plays an important
part in the cultivation of the habit of concentration and thus
indirectly helps the religious contemplation, that it had received
special attention at the hands of the /Jaina saints; but it is
rather due to its forming a part and parcel of their religious
doctrines, as it is instrumental, primarily or subsidiarily, in
the attainment of the goal of final emancipation. This will also
account for the frequent Mathematical references in almost
every standard work of the Jaina school of thought.

The references given below will corroborate the important
place assigned to Mathematics in Jainism.

(1) Bhagavatisiitra ( sitra 90 ), the ﬁfth anga and Utta.
radhyayanasitra (ch. XXV, v, 7,8, 38) inform us that know-
ledge of sankhyana (arithmetic) and jyofise (astronomy ) is
one of the main accomplishments of a_Jaina saint.

(2) Lord Rsabha, the first Tirthankara of the present
cycle of time Himself taught 72 arts’ to His eldest son Bharata

1. 1heze are several '\VOI]\S wherein these are enumerated e. g. (1) Sama-
viaya, the 4th ariga, 72nd chapter (samavaya), (2) A'nta,/c_rddas ( English
translation by L. D. Barnett, 1907, p. 30), (3) Bajaprasniyasiitre ( sitra
83), (4) Kalpasatra, (8. B. B. Vol. XXII, p. 282, siitra 211) and (5)
- Pramevaratnamanjiss, S'anticandra. Gam s commentary to ernbudmpapm]nup‘

{ pp. 3¢ ff.) ete,
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—the arts wherein arithmetic occupies a place next' only to
writing.” Moreover, with His left band He taught arithmetic
to His daughter Sundari.

(3) The fact mentioned in Aw/pasiaira ( sitra 9, S. B, E.
vol. XX1I, p. 221 ) that Lord Mahavira, the 24th Tirthankara
was to be well-grounded in arithmetic as implied by one of the
fourteen drcams seen by Devinanda, the wife of Rsabhadatta
has led some scholars to infer that the Juinus hereby attribute
to their last Tirthankara, the sound knowledge of sciences like
Mathematics.

(4) Mahavirdcarya offers his salutation to Lord Mahavira
by eulogizing Him as “sanklydjninapradipena’.
_ (5) Gania (Sk. Ganita) is referred to as wilhyasruta in
Nandisiitra (stutra 42) and as laukike dgama in Anuyogadeara-
satra (sutra 144). All the same it should not be forgotten that
its proficiency is considered as ome of the qualifications of an
acarya as could be seen from Acardiiganiryukti ¢ v. 50 )%

THE JaiNaA WORKs ON MATHEMATICS

It is not possible to give a complete list of ail the Jaina
works dealing with Mathematics. Here an attempt is made to
point out those which are extant, and also to indicate those,
the existence of which is inferable from other sources.

survapragnepti and Candrapraiiapti are the two astrono-
mical* works, which have survived till the presenctday. They
come under the class of the twelve wpangas, and are _respecti-
vely associated with Blagavati and Updsakadas'a (the
seventh anga ) respectively’. :

1. Tn the Buclhistic canonical literature arithmetic is given the first place,
and js looked upuu as one of the noblest arts. See Vinwyapitake, (ed. by
Oldenberg, vol. 1% p 7Y, Majjlimunikdye (vol. T, p, 85) and Cullaniddesso,
{p. 199).

2, See Aualpusiry, Sutra 211,

3. This runs s wnderi—
i PitwwrgRr 2 HEEE e o
o ATGATL SR LH AT 0 o WY

4, Astronowt oo oraformation can be gatliered from othor seriptures as well,
For instance thet © -wing stitras of Samaviye war be consulted:—
59-62, 47 .. 73-80, 32,88, 93, 98, 09 otc.

9, Mee Lraas Cepneea e {po 1)
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Bhadrabahusvamin, the last sakalas'rutajuinin had written
a pdrvukli on Sirvaprajiapts; but it is unfortunately cxtinct.
This niryukti bas been referred to by Malayagiri Sart in his
commentary to Suryapragjfiapty in the opening lines. Further-
more, a few lines from this work are quoted therein ( vide com,
to the rith sttra) by this well-known commentator, who has
composed in danskrit, a commentary on Candyuprajnapti as
well.

Bhadrabalusaihita may be also mentioned in this connec-
tion, though this work of which the auathorshiy is attributed to
Bhadrabahu, the celebrated niryuktikira, is saia to be mofe of an
astrological nature than astronomical. It is no more available.!

In Bhattopala’s commentary to Brhatse.nhita, a standard
work ef Varahamihira (505 A. ID.), one Bhaarabahu is 1eterred
tc, but we caunot say for certain as to who be iy

13r G. Thibaut bas written a paper® on Sirvuprajnaplt,
Ties he says that this work must have been <omposed before
the Greeks came to India, as there is no trace of Greek influence
in it.* In conclusion he points out the striking resemblances
which the cosmological conceptions of ai. ,Jd Chinese work
called Chau-pei* bear to the ideas on the same subject as
expounded in this Saryaprajiiapti.

Prof. Aufrecht Weber points out that t!.: doctrine propo-
unded in Saryaprajnapti shows in many po‘ats an unmistakable
resemblance with the contents of Jyotisave iinge. He adds
that not only do the astronomical works of the Jarnas furnish
information about the conceptions of a religicus sect but may,
if rightly investigated, yield valuable mdter:al for the general
history of Indian ideas.’

1. There is a work of the same name available. It is piblished in the Punjab
Sanskrit Book Series, but ifs genuineness is not beyond doubt.

2. Vide *Astronomie, Astrologie und Mathematik” prblished in “Grundriss
der indo-Arishen Philologie und Altertunskunde” ( Ercyclopxdia of Indo-
Aryan Research ), vol. ITI, No. 9, p. 20. See al.o J. A. 5. B, 1880, No. 3.

3. The approximate date of its composition is suggested as 500 B, C.

4. A complete translation of this work has been published by E, Biot in
the Journal Asiatique, 1841, pp. 592-639.

5. See “Sacred literature of the Jainas” I. p. 372 and II, p. 574 ff. For
bnrrhsh translation by Dr, Herbert Weir Smith see Tudian Auatiquary ( vol.
XX, 0. 14 ).



d-

INTRODUCGTION 18

Some references about Sarvapraiiiapti are met with in (1)
J.B. A, S. (vol. 49, 1880, pp. 181 and 187), (2) in the
Journal of the Mythic Society (vols. XV and XVI) where there
are articles by Dr. R. Shawmshastry, (3) it “Geschichte der
Indischen' Literature® by Prof. M. Winternitz ( 1920,vel. 11,),
(4) in “Der Jainismus” by Prof. H. V. Glasenapp ( Berlin,
1925, ) and in (5-6) the articles of Dr. Sukumar Ranjan Das
entitled as “ashort chronology of Indian Astronomy®’ and
published in the “Indian Historical Quarterly” (vol. VII,
No. 1, pp. 137-149) and “The Jaina School of Astronomy*"
which is also published in this very Quarterly (vol. VIII,
No. 1, pp. 30-42 ) and wherein we find the detailed information
about this very work.

Jyotisakarandaka written by a parvadhara and codified
at the Valabhi council is another important work on astronomy.
It is also divided into pakundas ( prabhrtas) like the previous
works and is published by Rsabhadevaji Kesarimalji Samstha,
( Rutlam, A.D.1928). This important work seems to have
hardly attric'cd tne necessary attention of scholars.

As obscrved by my friend Dr. Bibhutibhushan Datta, D,
Sc., in his article “The Jaina schocl of Mathematics”, there is a
Jaina astronomer Siddhasena by name. He has been referred
to by Vardhamihira in his standard work and that even some
passages from his work have been quoted by Bhattopala
(966 A, D.).

It will not be :ruitless to add here that the Lavanadiitira
of Jrvajivabhigamuasiiira throws some light on tides and Utigra-
dhyayanasiiya ( ch. 26 ) on paurusis. .

Ksetrasamndse | Jumbidvipasumdsaprakerena ) attributed
to Umasvati’, Briatkseirasamnise of Jinabhadra® Gani (c.
. Seo-Tudischie Stu ien” ( Indian Studies ), 1667, X, 254 f. .

1
2. A refersvace abuwu: Landruprajnapte, too, is found here. Sea vol II,
pp. 292 and 316,

3-4. In thess two a-uicies, thers is an erroneous statewent vegarding
the existence of Cundraprujfiapts. This is pointed out by me in *‘A note
on Candraprajiapti” pr . sied in the same Quarterly ¢ Vol. VIII, No. 2, pp.
381-382). Imay add ivn the Hindi iranslation of this work is also published.

5. His bbasya on taiivarthadhigamasbra contains some geometricul
formule.

6. He has lLeen p - -+t as « mathematician by Siwddhasena Suri, in his
cirpi b0 Julakalpeg the woand verse beinw as under i—- .
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550 A. D.) and works of the like nature may be mentioned e
passant, though they do not deal exclusively with Mathematics.

The only treatise on ganite by a Jaine scholar which has
seen the light of the day is Guutasirasangru/ia of Mahavira.
Dr. B. Datta has written a special article pertaining to it. It
is entitled as “On Mahavira's solutions of Rational Triangles
and Quadrilaterals” and is published in the Bulletin of the
Calcutta Mathematical Society (vol. XX, 1928-29).

Angulasapiati by Municandra Sari, theugh small- in size,
beautifully elucidates the use of the three types of the argulas,
etc. Itis composedin 7o verses in Prakrit ond is published
in A«D. 1918 as the 3rd work of Atma-Kiunala-Jaina-library
by the secretaries of S'ri Mahavira Jaina Sablu, Cambay,

Besides these works in Priakrit and San.irit there are some
works of Jas/mna authorship, written in [lanarese language.
For instance, Sridharicirya (1049 A. 13.) has composed
in verses Jatakatilaka, a work of an astrological nature.!
Rajaditya (1120 A. D.) is an author of sis works®: (1).
IVyavahidraganita (in mixed prose and poetry ), (2) Ksetraga-
nite (in poetry), (3) Vyavalararaina, (i) Lilavaefi, (5)
Jainaganitasiitrodalkarana and (6) Citrahasige.®

While explaining Mathematical topics ine various Jaina
commentators have quoted from Karanabiiivanas or Karana-
£atds, wnich give in a nut-shell the Mathemarical calculations.
Dyr. B. Dutta considers them as independent works but a
Jaira saint informs me that they are mere rules forming a part
of the citrnd of Jambadvipaprajiiapti, Whacever may be the
correct notion, it is certain that they, too, point to the existe-
nce of some Mathematical work or works lying in an unpubli-
shed condition or destroyed.

It should be remembered that these are not the only

“gramreamAnR R RS Ty Ty |
gag & ROy od 7 sTp4rm wag Suaar sggeer o e
1. See “Karnataka Kavi Charitre” (vol. I, p. 75) by Narasinhacharya,
2. Ibid p. 122,
3. T am indebted to Prof. T. K. Tukol, M. A., LL. B, for his having supplied
me witit this information but it has not been possible for me to verify its

genuineness.
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Mathematical works of the Jadnas. For, we have reasons to
helieve that some are still lying buried in the bhandiras and a
number of them seem to have perished. This is borne out by
Ganitasarasangrale (ch. 1,' v, 17-19), where its author has
expressed his indebtedness to many previous Mathematicians.
Furthermore, the fact that the three verses pertaining to
‘Permutations and Combinations’ and quoted by S'flarka Siri
(862 A.D.) in his commentary, to Acardiga are not traceable
to any available Mathematical work corroborates this inference?.
Moreover, the mention of six mensuration-formulee by Umais.
vati in his dkasya to Tattvarthadhigamasitra (ch. 3, s. 11)
supports this view-point.

THE TEN TYPES OF SANKHYANA R
Sthana, the second asnga of the Jainas mentions ten® kinds
of sankltyana* or calculation viz., (1) parikarma, (2) vyava-
hara, (3) rajju, (4) rasi, (5) kal&savarna (6) yavattivat,
(7) varga, (8) ghana, (9) vargavarga, and (10) kaipa,® as
can be seen from the following couplet incorporated in its
747th sttra ;—
“fewd 7 gTEIr X T 2 Ul © Fowmaw w7 |
HAER & Fo0 @ g6y < @ qF T @ Y Fodr T 20 u”“

1. In the concluding lines of the chaptel this author has 1ecommende¢‘l the
jijﬁasus (fomgs ) of further details on terminology to consult the @ya.nas.

2, Probably a sumilar remark holds good in the case of a verse or so relerred
to by Abhm) radeva Sari in his counmentary to Sthdndiyesdalre, while explaining
the meaning of Ydayaftavat, a kind of caleulation.

3. Ina cirni, these are meniioned as 16, Brahmagupta has indieated 20,
and Mahfviricirya S,

4. Dr. B. Datta translates 1liis as ~"Science of numbers”,

5. This is what is interpreted by Abbayadeva Stri. Dr. Datta however
mentions as the tenth sankhyans ‘vikalpa’ (permutations and combinations);
he reads v¢ and Lappe together,

6. We come across the following verse—whish-stightly-differs from this and
which is quoted by S'ilanka Siariin his commentary to Sétrakrie, the second
ange (2nd s'rutaskandba, ekl 1. ~atra 1540 ) :

“qfger 5 T Tl T meraaw 4 |
qz(s e qra # A 1 g9 F99 39 7 (F) |

This will show that not onlv does the order of the ten types of sankhyaua
IPor, the second line, if consérued

l”

differ, but even there is a mater+’ 'Ii'erence,
as suggested by the editor of \uzu(/u/u caleulations mentioned therein ofer to
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Abhayadeva Sari, the swwvdngior a%ara  explains  this
verse while commenting upon this «i¢. According to his
interpretation these ten Mathemarical topics respectively
represent calculations pertaining to (1) summation® etc.,
well-known to a Mathematician, {2) Srenivyavahira etc.,
treated in faliganita or arithmetic, ( 3) plane geometry so far
as its calculations are carried on by means of a rope?
(4) aheap of corn etc., usually called rasivyavahira, (5)
fractions, ( 6 ) muhtiphcatioror summation of natural numbers,
(7) square, (8) cube, (9) fourth power. and (10) splitting
xvood by means of a saw styled as Lrakacovvavalara.

There is a very wide gulf between this interpretation and
that of Dr. B. Datta, since the latter hrs translated these ten
topics® as (1) fundamental operations. {z) subjects of treat-
ment, (3) geometry (.4) mensuratior of solid~bodies, (5)
fractions, (6) simple equations, (7 ) quadratic equations, (8)
cubic equations, (9 ) biquadratic equatic 1s. and ( 10) permuta-
tions and combinations.*

{1) pudgala, ( 2 ) yavat-tavat, { 3 ) ghana ( 4 ) ghanamiila (cubercot ), (5) varga
and (6) varganiila (square root). Thus the nnmber of types will be eleven
and not ten, a fact bardly admissible, when it controdicts a canonical statement.
Moreover it is not clear as to whab is actually meart Lere by pudyala,

1. If this implies summation of series, a meaning assigned to it in
Jonitasarasaiigraha, the Gth type must mean vl )lication; and thus there
15 no chance left for the alternative suggested by the commentator on p. 7.

9. The third type viz. Rajjusankhyana can be equated to sulba saur.; for, in
Katyayana slitra, parisista (1, 1) we note the like “=aarg g’ Fucther-
mwore that Asetraganite signifies geometvy is corruborated by Gunitasirasari-
araha (ch. VI ). Geometry is spoken of in Satrakrie ¢ 11,1, 154) as the lotus
in Mathematios, the rest being considered as inferior to it

It may be mentioned in this connection tbat wver the entrance to the
academy of Plato, one of the great philosophers of arncient Ionina, there was
the following inscription:—

“Let no one unacquainted with geomeiry enter here.”

3. In this connetion the Bulletin of Calcutta Mathematical Society ( Vol.
XXI, No. 2, pp. 121-124) deserves to be carefully read.

4, Sec T16th siitra which runs as under:—

“gg ggAT 9o, § FRI—IIgEH qUMHEH 917 FoEggh ahagad g

The commentator while explaining yeniyasuhrme makes the following
notewortby observation i—

“ e —afo Ggednts aad ged GERIRARAIE, FAT 9 g oy
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It is extremely difficult to reconcile these two views especi-
ally when we have at present neither any access to a comment-
ary prior to the one mentioned above nor to any Mathematical
work of Jaina authorship which is ecarlier than Gandtasara-
sangraha. So, under taese circumstances, I shall be excused,
if T.reserve this matter for future research.

PERMUTATIONS AND COMBINATIONS
Bharga® is the name given to permutations and combina-
tions as can be seen from the 716th satra of Stiananga
quoted on p. xii, While explaining &hangasuliume occurring
in this sitra, Abhayadeva Stri has observed :—

“TEER WE-TIER TEGRRINR - SRaTEET SHTE-
FTH AMAT FTAT AATT AT T qOTR L wewy AAA A EIT 2
AT VAT FEATH L G0 TFET A0 geam: 8 gy aud g ==aay
%Hr TrEast § ..'-*z:ra"IS‘zrr A WEA: XA FIAIVSTAT AT D ST |
FEIAT A A ¢ I AgAT WEH TFALH, " GENET AT rﬁ;:ﬁav-
AT TEANH T LA (GIFTAT .

This points out two types of bhangas . (i) sthanabdlanga
and (2) kramabliianga.

Three verses pertaining to b/aiga are noted as under by
S'lanka Sari in his commentary to Swttrakria (Samayadhyayana,
Anuyogadvira, v. 28 ):—

‘oI aesedan YCEICEHEET: |
NEptait-d CEe R C e it fe e S I
qETTG e B @AATTIOT FO a@raf !
SaRwaE qm\r aqT g==4"3‘m m:f =
A STARIG g AR w:ﬂ?n‘-rmtﬁ[l
qr:rr-r% T qg @zrw ﬁ%wﬁr& e g

1 1In connection ‘\Vlbh this b/mn,«/a, we find in deas™ yakasiatro-nirywke (v

1478) a hemistich as under:
“Aftrergd gy gz TRR Ffy.
In Drhatkalpalhasya (v. 143) wo note a line as helow :—
oy afiE”

This is oxplained by Malayagivi Sdeiin his commentary. Theve he takes the
word bhaiige and goniye separately and interprets the former and the latter as
colvrblharyt ote, and swikolenn ote. respectively.

2 This is styled as karena-gaihi. Seo p. xv, -
3 AT
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These three verses c¢ive three rnles. The first enables
us to determine the totdl number of transpositions which
can be made when a specific number of things is given.
The remaining two rules arce helpful in finding the actual spread
of representation. These are technically referred to as asso-
ciated with dzedasanklryaparijiana and prastaranayanopaya.

Tyrican ProprLeEMs

Examples requiring the knowledge of permutations and

combinations are found in plenty, in the canonical works of the
Jainas. This subtle subject is very beautifully handled by them.
Here I shall draw attention to someé standard problems. One
of them is known as Gangeyabhanga treated in the gth s'ataka
of Bhagavati. The diagrams etc. pertaining to it are given in
Abhidhanarajendra (Vol. V, pp. 888-896 ), while explaining the
word pavesanava ( praves’anaka ). "Another is connected with
the vows of a Sravaka. It is discussed by Nemicandra Sorl in
his Pravacanasaroddhare (dvara 336) and has been explained
by Siddhasena in his commentary ( pp. 390-398 ) to this work,

Pudgalabhanga and its vivrti by Nayavijaya Gani, too
deals with bkasrigas? .

While measuring the size of an dgama, it is usual with the
Jainas to mention the number of padas it consists of. There
are 64 root-letters of the alphabet or representations of sounds.
Of course, therein 33 are consonants, 27 vowels (7. e. 3 kinds—
slight, long and prolonoed of each of the g9 vowels viz., =, %,
I, %, &, T, ¥, and 21t ) and mixed sounds, such as hk, hich,
hp, and hph which help in the formation of compound letters.
The total number of possible combinations of these 64 letters

taken singly and into compounds of 2, 3, 4, or more up
to 64 letters is 2%-1, 7. ¢. 1, 84, 46, 74, 40, 73, 70, 95, 51, 615.
These are the letters (simple and compound) of srufa in its
entirety. This number divided by 16, 34, 83, o7, 888, which is
the number of letters in a middle foot (madhyamapada) of para-
magama gives us the numbers of padas of the Asngas, as 11, 28,

1 There is a M3, No. 215 of 1871-72 in the Government Manuseripts Library
at the Bhandarkar Oriental Rescarch Institute. Tt is deseribed by me along
with cther Jaina M58, and will be published in the Descriptive Catalogue of
Jaina® MSS, prepared by me,
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35, 80, 005. The remainder 8, o1, 08, 175 gives usthe letters
of that part of s’7ufa which is not contained in the digas.”

While dealing with dlangasamutkirtana of Sangraha naya,
the number of combinations pertaining to anupitivi and avak-
tvya, taken one, two etc. up to all at a time is mentioned as 7 in
Anuyogadvira (stutra 92).

These are not the only instances where knowledge of the
bharigas has been utilized by the Jainas; for, while discussing
the ananupiirvy® of samayika, that of Namaskaramantra and
that of nava padas forming Siddhacakra they have done so.

Out of these three, I shall here deal with only the first.
Samayika is one of the six adhyayanas of Avas'yaka. It occu-
pies the first place from the stand-point of puarvanupirvi, and
the sixth, from the stand-point of pas'‘canupitrei. Since the
number of permutations of one to six taken all at a time is 720,
the place of Samayika according to ananupiirvi can be any one
out of %20 minns 2 4 ¢, 718. This fact etc. is mentioced in
Vis'esavas'yakabiasya as under:—

“aAFTTLA STSTTAT GUCGTETAT |
gieataazardion aftarormorroygasfior i 9492 |
Qe AR ET THATHC T FETAE
IARAIF gLAT AAT TARAT A 1922 1P
The Jainas have utilized their mathematical knowledge in
tackling problemws of various other kinds, too. Out of many
one may be po'nted out here viz. the number of ways of
observing celibacy which is given as 18o00. .

The  objects of the world can be grouped under - two
heads: (1) animate and (2) inanimate. The former is
divided "into two classes: (1) sthavara and (2) trasa having
five and four sub-divisions respectively, Whenever an inani.-
mate object is mistaken for an animate one, it, too, should
be looked upon as animate. In such a case the number of
the types of thc animate objects comes to ten. Ksama etc.

1 See ‘‘the Sacrod Luoks of the Jainas” (Vol. 11, p. 29).
2 Tor further detuils about andnupirvi see duuyogadvare (sutras 114-120).
3 Yor a discussion in Cerman see **Ubersicht iibor dio Avagyaka-Litaratur”

(pp. 41-12).
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are the ten kinds v dlwjme presceribed tor a Jaina Sadl.
Each of these is connected with the ten types of the animate
objects. Every actica is again associated with five organs of
sense. A living being does athing, under the impulse of
four sasyias. An act is of three kinds: (1) mental, (2) vocal
and (3) physical. Again an act may be done by one self or
it may be got done o1 it may be approved of. Hence, in all a
saint can observe his discipline in 10X 10X 5 X 4 X 3 X 3 = 18000

ways.

Before I deal with notatignal places I may here record
three or four things connected with S#andnge and its com-
mentary.  Firstly, this canoiical work considers ganita in-
cluding biange (permutations and combinations) to be very
sithsima (subtle or difficult).’. Secondly, as pointed out by
Dr. B. Datta, Abhayadeva Stri has at least once referred to
algebra as can be inferred from “sifita@r = A, a part of the
commentary to the ¢73rd sttra.  Thirdly, while considering the
747th sitra, Abhayadeva Siri has quoted the following verse :—

“TSEY SESTETEY ASTIAY TSSAFT: FIA: |
TFIUnEaEseE agtta agaaran 1
Fourthly: this Sari, the commentator remarks that examples
to illustrate parikariua etc., are not given as they can be hardly
followed by the dull-headed.*

NorarioNAL PLACES (ANKASTHANAS) IN JAINISM
In Ganitasarasangralie we come across the following
names of the twenty-four notational places commencing with
the unit, each of which is 1o times the preceding :—

(1) Eka (unit), (2) Dasan (ten), (3) Sata (hundred),
(4) Sahasra (thousand), (5) Duas'asahasra (ten thousand), (6)
Laksa (lac), (7) Das’alaksa (ten lac, million), (8) Koti

1 For a diagram see G. O. Series No. LI, p. 24,
2 See the 4th note on y. xii.

3 He has illustrated this couplel by taking gaccha and vafichd to denote

10 and 8 respectively. This, when expressed algobraically may be represented

rﬂx-i-x)

2x

4 Had they heen given, I think, they would havo surely helped us in
arriving at the correct interpretation of the 747th sitra of Sthandrige.

whicl will show the fulilily of introducing x.

o
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(crore), (9) Das'akoii (ten crore), (10) Salakoli (hundred
crore), (11) Arbude (thousand crore), (12) Nyarbuda (ten
thousand crore), (13) Klarva (billion), (14) Malakharva,
(15) Padma, (16) Malapadina, (17) Ksoni, (18) Malaksons,
(19) S'ankha (million billion), (20) AMakas'aikha (trillion), (21)
Ksiti, (22) Mahaksiti, (23) Ksobha and (24) Mahaksobha (10%).

If we however refer to Sthananga (11, 4, 95), Jambiadvi-
paprajiiapti (stutra 18), Siryaprajnapti ( ), Anuyogadvira
(stitra 137), fivasamasa (v. 113-115) ctc., we find names for some
of the notational places® up to the 194th as under:—

(1) Puvvanga (Parvanga), (2) Puvva (Parva), (3) Zudiyarga
(Trutitanga), (4) Zudsya (Trutita), (5) Adadaenga (Adadinga),
(6) Adada (Adada), (7) Avavanga (Avavanga), (8) Avava
(Avava), (9) Hiuhuange (Huhukanga), (10) Huwhua (Huhuka),
(11) Uppalarvga (Utpalanga), (12) Uppala (Utpala), (13)
Pavmarga (Padmanga), (14) Pawmae (Padma), (15) Nalnaige
(Nalinanga), (16) Naliva (Nalina), (17) Acchanivranga (Arthani-
puranga), (18) dcchamure (Arthanipura), (19) Aywarga
(Ayutanga), (20) &ywa (Ayuta), (21) Naynanga (Nayutanga), -
(22) Nayua (Nayuta), (23) LPayvutange (Prayutanga), (24) LPayuta
(Prayuta), (25) Caliyange (Culikanga), (26) Ciliva (Culika),
(27) Sisapakeliyarga (S'irsaprahelikanga) and (28) Sisapakeliya
(S'irsapraheliki).”

Here ZFarre stands for 73600000000000 years. This is
indicated in the following verse quoted by Abhayadeva Stri
in his commentary (p. 87") to Sthandige (s. 95) i— -

“gereE 3 A WAl Ty R T g |
TORS T QETH AFER ARSI

1 Strielly Q)ea-kiug, these are namos for difforent measures for a numbét
of years,
2 While commenting upon Samavige (sitra 84), Abhayadeva Suri quotes
the following vorses:— ) )
“yeagfearzemagey T IS  yIW g
afmfszfiey #2¢ a3 98¢ q @rgaay 1 2
i SreEizy FET A0 I Srdgr |
azifyg s azned &1 svEd 0 R 0
3 Sanskrit rendering :(—
g g w1 G @y waita fifzegn |
YZTFRT A AIRSATH Fqanrar I
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The Larea ws well as cach one of the succeeding notational
places up to Sirsaprahelika is 84 lacs times the immediately
preceeding one,’ Sirsapraleliki being hence equal to (84
lacs)® years. This is suggested in the following karanagatha
quoted in this very commentary on p. 87°:—
“Temraoie YU QU TITEAI0E T |
FISOT FFAR AT gor T W

This subject about notational places istreated-by Umidsviti,

too, in his szopajna bhasya of Tattvarthadhigamasutra (1V,
15, p. 292). He mentions there the names as under:—

(1) dyuta, (2) Kamale, (3) Nalina, (3) Kumuda, (5) Zutya,
(6) Adada, (7) dvara, (8) Haha, and (9) Hiki. It may be
noted that this enumeration of these notational places does not
tally with the onc mentionéd above.

This discordance is noted by Siddhasena Gani while com.
menting upon this 64adsye. There he makes two observations
(on pp. 293-294) as under:—

" (1) This is not the order as found in the Agamas like
Sarvaprajnapti.

(2) It only refers to a few notational places, the complete
list being as under;—

(1) Zulyanga, (2) Tulika, (3) Adadanga, (4) Adada, (5) Ava-
vangd, (0) cvava, (7) Hiulwanga, (8) Hihitka, (9) Utpalarga,
(10) Utpala, (11) Padinivga, (12) Padma, (13) Nalknanga, (14)
Nalina, (15) Arthaniyiranga, (16) Arthaniyira, (17) Cualikianga,
(18) Cilika, (19) Sirsaprahehkarga and (20) Sirsaprahelika.
From this list it appears that either some names have been
left out in the Mss. utilized by me for the printed edition or
that Siddhasena Gani has dropped six names from dyuia to
Prayula.

Jyotiskarandaka strikes altogether a different note in

1 This remark is made in Semavdya as under i—
“qsargATt EFIRRAFTANT FEOZEE© FIET gowR go”
2 Banskrit rendering :—
FBETAET 04 GeTad Fgafid = |
Fed] AR Gt At Fewar
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this connection ; for, according to it (v. 64-71) S'irsaprahelika
is the name of the 250th place and not of the 194th place.
Moreover, even the names of most of the notational places after
LFirva are different from those which are mentioned above and
which are recorded in works codified at the Mathurd council.
In order that this remark may be substantiated, the names are
mentioned as below:—

(1) Puvva (Pirva), (2) Layaiga (Latanga), (3) Layad (Lata),
(4) Mahalayarga (Mahalatanga), (5) Mahalaya (Mahalata), (6) Nali-
nanga (Nalinanga), (7) Nakna(Nalina), (8) Maehanalinarga (Maha-
nalinanga), (9) Malanalina (Mahanalina), (10) Paumaiga (Pad-
manga), (I11) Pazu/za (Padma), (12) Malapanaiga (Mahipad-
mdnga), (13) Ma/zapam/za (Mahipadma), (14) Kamalanga (Kama-
langa), (15) Kamala (Kamala), (16) Mahakamalange (Mahakama--
langa), (17) Mahakwnala (Mahakamala), (18) Kumuvarnga (Ku--
mudanga), (19) Kwnuye (Kumuda), (20) Malakumuyaiga
(Mahz‘tkumudﬁf]ga), (21) Makhdkwnuya (Mahikumuda), (22) Zu-
dz'vaizga (Trutitanga), (23) Zwdiva (Trutita), (24) Malkatud:-
yanga (Mahatrutitanga), (25) Mahatudiya (Mahitrutita), (26)
Adadanga (Adadanga), (27) Adada (Adada), (28) Makadadanga
(\Iahddadanga), (29) AMakadada (Mahadada), (30) Uhaiiga (Uha-
nga), (31) Uha (Uh:d), (32) Mahankanga (Mahohanga), (33)
Mahanha (Mahoha), (34) Sisapaheliyanga (S'irsaprahelikanga)
and (35) Sisapaleliva (Sirsaprahelika),

Each of these represents a number equal to 84 lacs times
the preceding;~consequently S °n/>/(z/z€/71(z stands for (84
lacs)® years, and not for (84 lacs)® years. Expressed in
numbers it is equal to 187935179550112 9341900969981343077-
07974654940619774765 573167186816%x10™ years.'

YCZz‘z‘varz‘/Z(zrzy(zzw;'fz/{nz (p- 149), a lucid commentary of

___Akalanka on Zuttvarthadhigamasitra (I11. 38%) furnishes

us with the following names, each indicating a number equal to
8.4 lacs times the preceeding one:—

1 See Mahopadhyaya Vinayavijaya Gani's Lokaprakase (pt. 111, Kalaloke,
pp. 410), the encyclopedia of Jainism,

2 This is according to the I gambara school; for, according to the &' vetdiiz
baras the number of this siitra i< 17th
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(0) Pareea o) Direa, (3) Navuringa, (3) Navuta, (3) Ku.
muddngo, (0) Kunda, (7) Padmanga, (8) Padma, (o) Nali
naiga, (10) Naling, (11) Kanalanga, (12) Kanala, (13) Tulvaisa,
(14) Zufva, (15) diatanga, (16) dtlata, (17) Amamianga, (1%)
Amama, (19) iahivviga, (z0) Hili, (21) Latiiea, (22) Lata
and (23) Jufeiiatd.  Some names seem  to be omitted in this
printed edition.  Tor, a Digambara work 7Zraide..adipufe of
which there is a MS. No. 603 of the Govt. Collection of 18735-
- — =6 deposited at the Bhandarkar O.-R—JInstitute;—we have the

following names after Amaiia:—

FEETAT, TTITE, Aggain, Fagar, sqiv, @@, A@ai,
HEIFAT, THATHEA, TRATHIFRT ond FHTTHF.,

In Ablidharmakos'a 111, 94 of Vasubandhu we have gz as
the first word of this¥erse. While explaining it Tripitakacdrva
Rahula Sankrtvayana makes the following observation in his
commentary A'@/andi/a by name;—

‘e v:rr“ca:rii AT (TRt ) gEe waty |
ageT-gEql T guraegeEn atg(fE)erd -

F-TI-TTH-T0F ( {0,000 )- seazr-sraaa—aﬁ&—wwr—sga—
TEIGA-AA- e A -TIA-REITTH AT TR TR -
SENRA-ATENT ~ FAZ-Ho-Je|T-Fo— JrET-Ho-RRT-Ao-TF-Ho-

FOTo-Ho-T7E - Ho-GTT (GHIT) Ho- nm—no—maﬁﬁ ~Ho-JET-Ho-
T%-Ro -HI-Ho~AYF-Ho-AFTF-Ho- GG | AT AEAST oAWETH
g fegar | @3 afg:(fr) faegavsveass

Before another topicis taken up, I may say a few words
about the Jaina way of writing the numemls.. At present they
are written as shown below:—

2 Q? N7 H’ NI Q’ g’ G’ w'
As early as the 4th century or so before the Christian era
we find in several dgamas’' a list of the names of 18 /Zipis
(written characters). Herein are mentioned ankalipi and
ganitalips. Dr. B. Datta  mentions that these two names
suggest that the forms of numerals used for different purposes

1 Seo (1) S’wmﬂLJ/(u (XVTII) (2) Projidapaadsitre (satva 37) of
8'yamacarya (376 A. V.), (3) Avasyskaniryulti (Upvdyihaioniryulkti) and (4)
Maladbarin Homacandmn commentary to Vis'esGeas’yakabhisye (v. 464),
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were different, the former referring to those used in engraving
and the latter, to those used in ordinary writing.! © L

PLACE—VALUE SYSTEM OF DECIMAL NOTATION

It appears that India has been the birth-place of various
numerical notations. Out of them, the one in which there are
used only ten symbols, is of considerable importance. In this
notation nine symbols represent numbers one to nine, and the
tenth, zero, The former nine symbols are designated as 744" and
the latter viz, the zero-symbol as s'wnya® This notation with a
decimal scale goes by the name of “place-value system of decimal
notation”’ or “the decimal place-value system’, and is adopted
throughout the Civilized world, since the application of the
principle of thi§ place-value is both sufficient and efficient
to enable one not only to write any number Whatsoever but to
write it in the simplest way possible.

That this place-value system of decimal notation® iwas

known in India several centuries before the dawn of Chnstlamty‘

can be deduced from the following particulars;—

1 In this connection he has added that in the Jaina literature, as also
1n the Vedic. htera.ture, we ordmarlly find that a distinction is made between
forms of alphabets used in engravings and in Mss., which are respectively styled
Ly the Jainas as Kagthakarma or wood-work ahd Pustaka-karma or book-work,
Heo Las substantiated his statement by referring to the 10th and 146th sitras of
Anuyogadv@rs as well as Maladharin Hemacandra Siiri’s commentary on the
former. I may add that Hemacandra has interpreted pottha as (1) pota,
(2) pustaka and (8) tadapatradi. Furthermors, the word pusta occurs also in
the bhasya on Tattvarthadhigamasitra (I 5), and is expla.lned on p. 46 by
Siddhasena Gani as gﬁqw&mqtrﬁtﬁq. It also'occurs in the bkdsya on VT,
10 and is explained in the %@ on p. 21. On p. 78 of this very fika ( VIL 11 )s
the word pusta is used. ' : : B ‘

2-3 These literally mean “a mark” and “empty” respectivély

4 In Jinabhadra Gani's Vis'esGvas'yakabhasya (v. 704), a gathd of the
Avas'yakaniryukti of Bhadrabahu is quoted as under ;—

“Rigame STt 92) Imaare R

‘What is the true radical significance of the word thibuga and in what sense
has it been employed in the above passage? The commentator Hemacandra
Siri is of opinion that it signifies “bindu”, Dr, Datta asks me a question :
“Is it then the ‘zero’ of the decimal numeral notation? If so, it will have
to be admitted that the modern decimal place-valua notation was known in
India in th::;rth century before the Christian era.”

4 @
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- ..(1) In.the 142nd sitra of Amuyogadviara there is a
reference to sthana (thanehim) or places of decimal notation,

(2) A denominational name like #4otakotz (kodakedi) is
mentioned in this sitra as indicating its connection with places
of numerations.

(3) A very big number extending to 29 places i. e. to say
a number consisting of 29 digits is here referred to as we
shall shortly notice.

(4) Vyava/zamsulm (uddes'aka I) furnishes us with a term
gaizqnast/_zana for place of calculation. So says Dr, Datta.

- THE WORD-SYMBOL NOTATION
A notation in which any word conveying the idea
of a number is used is called a ‘word-symbol notation’. This
notation has not only been extremely well-known in India from
ancient times but has also been extra-ordinarily popular.? The
Jaina writers, too, have utilized it in their works,” the foremost,

v 1 In' “Tndian Mathématics” by. G. R. Kaye, it is mentioned on p. 31
that this notatiori was: mtroduced (into India ) about the ninth contury,'
possibly from the east. ‘

Mr. Rangacharya M. A. has stated in his preface to “The Ga.mtasara.-,
safigraha of Mahavirdcirya” that ‘“there is evidence in his (Aryabhattd’s)
writings to show that he was familiar with nominal numerical......Similarly in’
Brahmagupta’s writings also there is evidence to show that he was acquainted
with the use of nominal numbers and the decimal system of nota.tion ? ;

My friend Dr. Datta ]ust informs me that he has written in Benua,l]_'
several articles connected with this topic, which have appeared in the
Bangiya Sahitya Parisad Patrika. For instance, “Jaina-sahitye ﬁé.ma,_-sa,ﬁlkhya”
in B, 8. P. P. 1337 B. 8. pp. 28-39; “Nama-samkhya”, -ibid, 1337 B. 8, pp.
7-27 , “S'abda-sarmkhys Prapali,” ibid, 13335 B. S'. (= 192§—29 A, C.), pp. 8-’30 P
¢ Aksara-samhnkhya Pranali”, ibid,, 1336 B. 8. pp. 22-50; a,pd “Ankanam vamato
gatih”, ibid,, 1337 B. 8. pp. 7-30. » .

2 Amongst the Digambara writers Nemicandra (cir: 10th century) well-
known -as “Siddhantacakravartin” and author of Gommatasdre, Trilokasara
and Labdhisara, has employed both the right-ward and left-ward. moves while-
employing various numerical notations. In Trilokasira (gatha 21), the
number 197,912,092,999,680,000,000,000,000,000,000,000,000,000,000 is men-
tioned by the rlght-wa.rd move as under :— ,

frgPR-orr-om T onr- R e ge s Mf-atred
AT RAT.-..”

In gathd 313 of the same work, he, however, mentions by the left-ward
move, the number 7905694160 &y “qurerHare BEIMEGWTEEL. |
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definitely known at present being Jinabhadra Gani Ksami-
stamapa.’ A list of words signifying different numbers is
given in the appendix.? :

CLASSIFICATIONS OF NUMBERS

As was the case with early Greeks, the Jaina school, too,
does not consider one as a number. This will be evident from
the following line of the 146th sttra of Anuyogadvara.:—

“& 7 & T ? gy o 7 93, geafz T
While explaining this portion Maladharin Hemacandra remarks
as under:—

-When an object like a pot is seen, what one realises is only
a pot and not its number; or, he adds, it may be due to the fact
that in ordinary dealings only one thing, if given or taken, is
mostly not taken into account. Thus the /ainas begin with two
and end, of course, with the highest possible type -of infinity.
All these numbers can be grouped under 21 heads. These
we shall deal with, a little bit later. For the present we shall
mention 4 types referred to in the 316th sutra of Sthananga.,

THE Four TYPES OF NUMBERS

Even, in the time of the Vedas, we find the distinction
made between odd and even numbers. These are styled as
gas (A7) and yugma (gm@) in Jainism.* Furthermore, it is
interesting to note that they are associated with kria, dvapara,
lreta and kali, the well-known names for the four yugas of

- That he uses contrary moves even while expressing numbers by resorting
to Katapayadi system in its second variant is borne out by Gommatasira (Jiva-
kanda, v, 158) and Trilokasdrg (gatha 98 ). B

", 1 Bee Brhatksetrasamasa T, 69, -

" .2 While ropresenting various numerical ‘quantities by certain things;

- S'vipati has invariably followed the decimal system of notation, The ‘words
used by him are marked With an asterisk.

3 Sanskrit rendering :-—

14 61 Do ? ea wiai S0, B g
4 In the following verse of Das'agutika of Aryabhata I ( 499) varga means
“odd” and avarga means “even” .
“aTieR atsatsTtara Fr it 4t 1
QAT @ 73 qifsnt wamet av 07
In later works the words visama and sama stand for “odd” and “even”,
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the Vaidika Hindus. To put it plainly, I shall quote from
Sthananga.:—
“TaTR ¥ TR, T FE-FIFIH, AN, TEACIH, FFnT”

Here jumma means a kind of 7as’Z. On a quaternity being

deducted from a 7as’s, it may either end in 4, 3, 2, or 1. These

are respectively called Ariayugma, tryojas, dvaparayugma, and

kalyojas.® This seems to suggest that the numbers can be

classified as 4m+4, 4m+3, 4m+2, and 4m+1.

ODD AND EVEN POWERS

In Uttaradkyayanasutra (XXX; 10, 11) we find for
the 2nd, the 3rd, the 4th, the 6th, and the 12th powers,
distinct names viz., varga, ghana, varga-varga, ghana-varga and
ghana-varga-varga. 1 do not know, if .any canonical work
mentions names for the sth, 7th, 11th and other odd powers.
Anuyogadvara (sitra 142) deals with successive squares and
square-roots. To put it explicitly, it means that the 1st
square of a stands for (a)?* the 2nd, for {a”)zie. a*; the 3rd,

for (*)* i. e. a%; and so on, the zth standing for 4. 8

Similarly the 1st sq. root of a means ag, the 2nd sq.

root its sq. root or &* and thus the nth sq. root e

In this sitra we find references to the 1st sq. root multi-
phed by the 2nd sq.root’, the cube of the 2nd sq. root’
the 1st sq. root multiplied by the 3rd sq. root,” the 2nd sq.
root multlplled by the 3rd sq. root® and the cube of the

thlrd sq: root’. These can be symbohcally represented as
1 g 1 1
a? xaI, (a‘*) a?xa¥, aIXaS and (as) respec’rxv'ely -1 think thls

1 Sanskrit rendering:—
TR AT SYAN, FA—JAGHA, S, ST, T

=2 This is how it is explained on p. 238 by Abhayadeva 8iri in his
commentary to Sthananga.

3 a raised to 2x2x2x2... n times,

4 o raised to 4 x4 x...n times.
vz B “lardvadsigeTensve faemsrm gmu” p. 2002,

6 “shrefizsqmgeagaTETTa” P 2002,

7 “sivereHaS qREaTeIgaT” p. 206%

8 “sigedaTvd araragetgwn” p. 209%,

A SRR REERTATR Nl p. 209%
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will suffice to convince a reader that two fundamental laws of
indices viz. a®x a"=a™** and (a™)"=a™, where m and z may
be integral or fractional were well-known to the Jaina saints.

That Nemicandra, the author of 7¥i/okasara knew these
fundamental operations of indices can be.inferred from the
gathas 105-108 of the same work. For, therein he mentions
the following rules respectively:—

(1) The addition of the ardhaccheda® of the multiplier and
that of the multiplicand is the ardhaccheda of the product, and
that it has no more ckeda.

(2) The subtraction of the ardkaccheda of the divisior from
that of the dividehd is the ardkaccheda of the quotient.

., (3) The product of the distributed number and the erdia-
ccheda of the substituted number equals the ardhaccheda of
the resulting number.

(4) The addition of the ardhaccheda of the distributed
number and that of the substituted number is the vargas'alaka
of the resulting number.

14 KINDS OF SERIES’

From Z7rilokasara (gathas 53-66 and 77-88) we learn about
the following 14 kinds of series or dkaras®, each type dealing
with some special numbers:—

(1) Sarva. This is an A. P. with 1 as the 1st term and 1 as
the common difference. Thus this series consists of natural
numbeérs, say up to U. B

('5) Sama This series consists of even numbers. (No. of
terms %2 or § ). “

(3) Visama. This seties consists of odd numbers (No. of
terms § or &

I This is a technical term;—and mesns—a mumber of times a particular
number can be halved. Thus if x =22, then = is called the ardhaccheda of z.
This will remind one of the fact that if a*=mn, x is called the logarithm of = to
the base a.

2 For an exhaustive treatment Nemicandra asks his readers of Trilokasara

(gatha 91) to refer to Vrhaddharaparikarman. Isthis a work? If so, un-
fortunately this work seems to be extinct.

3  This subject is dealt with in Appendix C'in “The Jaina Gem Dictionary”
(pp. 149-152).
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(4) Krti=1, 4, 9, 16 etc., up to the last square number.

(5) Akrti=2, 3, 5, 6, 7 etc. This series is got by subtracting
Krti from Sarva.

.. (6) Ghana=1, 8, 27, 64, etc. up to the last cubic number
say V before U.:

(7) Aghana=2 to 7,9 to 26, 28 to 63 etc. This series is
obtained by subtracting G/ana from Sarva.

: (8) Krtimatrka (or vargamatrka)=i, 2, 3, etc., No. of terms
being VU. This means a series having the sq. roots of K»# terms,

(9) Adkrtimatrka=(VUu+1), (VU+2), (VU+3) up to U; the
No. of terms being U-VU. This series deals with terms of
which the sq. root is irrational. _

 (10) Ghanamatrka=1, 2, up to the cube root of the last
cubic number. This series is concerned with those numbers
in Sarva of which cube root is ratioral.

(11) Aghanamatrka. This series consists of terms in Sarva
of which the cube root is irrational.

(12) Duviriipa-varga=2°, (2°)%, its square, its square and so
on. The 4th, 5th and the 6th terms of this series are called
quurfy, igi® and ©afz and stand for 2%° or 65536, 2% or (65536)° or
4294967296 and 2% or (4294967296)° or 18446744073709551616.
This is due to-the fact that gwifg, s and T#g are abbreviations
of Twiliagyretdar, M3 ¥ el owelk frwliaswsk and a quota-
tion' given in Madhavacandra’s vrtti (p. 28) on the 66th gatha
of Zrilokasara. “

(13) Dvivapa-ghana=2°, its square, its square etc. i. €. to say
a series® having for its first term 2° and for its successive terms
the squares of the immediately preceeding.

(14) Dvirapa-ghanaghana. This is a series® of which the
first term is the cube of 2° and each succeeding term is the
square of its predecessor.

The above treatment of series may be at least taken to be
a rough ‘indicator of the knowlegge of indices possessed by
the Jainas in ancient times.

1 This runs as under :—
Huzg 9 99 ST 9 7 7 govEwRaE |
GOl U 99 99 F T gaEal 9 ow o |7
. 3-3 These are respectively styled as Qhan@ Ghans and Ghana Ghand-
in haang “The Jaina Gem Dictionary” on p. 149,
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"Now afew words about their knowledge of the geometrical
progression.

«In Trilokasara (gatha 231), the rule for the summation of
this series is mentioned.. For examples see the- vrtti- of its

gat}ms 796 and 797.

Gunahani®is a term of the oeometncally decreasing series,
the sum of the number of terms of which is the number of
molecules of a unit of bondage, and each term in which is half of
the term immediately preceeding it. For example, if the maxi-
mum number of molecules which the soul draws in to bind itself
with, in one instant be 6300, and the duration of their bond.
age be: 48 sczmaygs and there be 6 gunahanis or terms in the
geometric series,, ‘then the number of the molecules shed in the 6
gzma/zams will be respectively 3200, 1600, 800, 400, 200, and 100.

_ . o 48 .
- Here in each trwm/zmzz there are §=8 samayas. This is
called gunalini ayama, 1. e. the duration of the gunahani.

The whole series of 6 gunakanis is called nanagunakhani.

The number 2 raised to the power of the number of
gunahanid in the nanagzma/zam is called anyonyabkyasm ras's,
In the above example it is=2°=64.

One samaya-prabaddha or unit of bondage divided by

anyonyably.sta ras’s minus one, gives the number of ‘molecules
. : . 6300_6300 .
shed in the last or antima gunahiani. Here g =43 =100 is

the last 3‘una/z[2m' =
The double of the number of gunahani ayama is nise.

kahara. Here it is=8x2=16.

Chaya is the regular arithmetical difference between ‘any
two consecutive terms of the series which represents the
karmika molecules shed in each successivé samaya of which
each gunahani consists. In the above example in the gunakan:
of 8 samayas, 3200 molecules are shed. In the first samaya
more are shed than in the second, in the second more than in
the third and so on. The number of molecules by which the

1 This entlre topn, of gunahani ete., is practlca.lly here reproduced from
“The Jaina Gem Dictionary” ( pp. 46-47 ). :
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shedding is less in every succeeding instant is called ckaya.
In the above example it is found as follows :—

We find the first term of the series and divide it by #n#e-
kahara (here 16). The first term is found as follows:—

Gunahani molecules x 4 H h 3200x4 3200x4
3x Gunabani ayamast 1+ 1€ the 1Ist term=g gm=—75 =512,
 chivae. Jetterm 512 512
-« Chay a"Gul_:ahini ;'tyﬁ.ma"Q—XS"Tg"3 2.
That is, in the 1st 8 samayas of the 1st gunahani, the
— number of molecules shed will be respectively 512, 480, 448,

384, 352, 320, and 288.

The ckaya for each succeeding gunakani will be half of the
one immediately preceeding it. Asthe number of molecules
in each gunakhani is half of that of its immediate predecessor,
its cAaya is also half the chaya of its predecessor.

. As an example of an increasing series, the reader may be
referred to the quantity of ink required for writing the fourteen
parvas. The quantity of ink which can just immerse an elephant
is necessary for writing the 1st pizroa. Double this quantity
is required to write the second and so on?, so that the quantity
of ink necessary for writing the 14th piirva is 2" times what is
required for writing the 1st. Thus on the whole, the total
quantity of ink which will just suffice for writing all the p#rvas
is sufficient to immerse I+2+2’+...up to 2"® i.e. 16383 elephants,?

THE HUMAN POPULATION

I may now take up the question about the number of
human beings dealt with in dnuyogadvara (stfra 142), since it
is connected with the indices and classifications of numbers,

As stated therein the minimum number of garbhaja human
beings at any time is what can be calculated in terms of £ofa4ots.
It consists of 29 digits and is more than friyamalapada® and less
than caturyamalapada® i. e. to say it lies between friyamalapada.

-1 Compare the dviguna sarkhya occurring in the 25th Brakmaga of
Sama-Veda.
" 2 For details see my “Descriptive Catalogue of Jaina Manuscripts” vol.
XVII, pt. 1I; No. 523. '

3 A triad of yamalapadas or their tertiary.

4 A quarternian of yamalapadas or their quarternity.
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and caturyamalapada. To be quite exact it is equal to the
sixth successive square (of two') multiplied by the fifth
successive square (of two) or a number which can be divided
(by two) 96 times.

Vamalapada is a technical term capable of signifying two
things: (1) a group of eight notational placesand (2) the second
successive square. According to the first interpretation it inclu-
des all numbers consisting of 8 digits. On this basis dviyamala-
pada, triyamalapada and caturyamalapada etc., signify groups of
numbers consisting of digits 16, 24, 32 etc.respectively. Hence
the numbers between {riyamalapada and caturyamalapada
consist of digits more than 24 and less than 32. The product
of 2* (the 6th successive square of 2) and 2% (the 5th succes-
sive square of 2)'is 2™.* It consists of 29 digits and is divisible
(by two) 96 times.® '

The second interpretation of yamalapada means the 2nd suc-
cessive square or 2*. Consequently #r.yamalapada means the 6th
successive square or 2* and cafuryamalapada, the Sth successive
square or 2°%, 2% is certainly between these two. So either

interpretation holds good.
21 KINDS .OF NUMBERS

As noted on p. xxiii, unity is outside the sphere of calcula-
tion. Numbers fit for calculation (gananasankly@) begin with 2,
and go up to the highest possible infinity. They are classified
under three groups: (1) senkkyila (numerable?), (2) asaiblyita
(innumerable®) and (3) ananta (infinite®). THe first group has
three subdivisions viz., jaghanva (lowest), madhyama (inter-
mediate) and wtkrsta (highest). The second group has three
main divisions viz., (1) paritta, (2) yukia and (3) asankhvata,
each of which is again of three types known'as (1) jaghanya,
(2) madhvaina and (3) utkrsta. Thus in all, the second group

1 The reason of selecting two is given by Maladharin Hemacandra in
the vriti of Anuyogadvdra (p. 207%) as under :—
"SR A O 2 v, S gfeciiaaniy i o 9 qugs”

2 Tt is equal to 79,228, 162, 514, 264, 337, 593, 543, 950, 336.

3 Technically speaking, it means a number having 96 erdhacchedas, as the
latter signifies the number of times, a given numnber can be halved.

+-6 This is only a rough rendering.

7 This is also styled as ajoghanyothrstu.
5 ufiTa
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has ¢ divisions. The thivd group, too, has the same number
of divisions; for, firstly ananta hasthree divisons viz., (1) paritia,
(2) yukta and (3) ananta, and secondly each of these three has
three subdivisions viz., (1) jaghanya, (2) madhyama and (3)
utkrsta. All these 3+9+9 i.e. 21 classes of numbers can be
hence represented as under :—

Gananasankhya
l__
R N 1 e
Sankhyita Asankhyita Ananta

| ! I

| - I
(1) Jaghayna, (1) Paritta—J.m.ult (1) Paritta—j.M.U.
(2) Madhyama, (2) Yukta—j.M.U. (2) Yukta—rj.nm.uU.
(3) Utkrsta (3) Asankhyata—j.m.u. (3) Ananta,—j.m.U.

The number 2 is the jaghanya-saikhyata. The number 3
and the following up to one preceeding the wuikrsta-sankivata
come under the class known as madkiyama-sankhyata. Utkrsta-
sankliyata is explained by means of an example as under :—

Suppose’‘'we ‘have four palyas each of the size of the
Jambadvipa whose diameter is 100,000 yojanas, whose
circumference is 316, 227 yojanas, 3 gavyitis, 128 dhanusyas,
1334 angulas and a little more, whose depth is 1000 yojanas,
which has a jaga#i 8 yogjanas in height and a vedita, two yojanas
in height. .

Out of these four palyas named as anavasiiita, s'alika,
pratisalaka and mahas'alaka let us fill the first with white
mustard seeds, and then start throwing one seed out of
them in Jambadvipa, another in La\;anasamudra and so
on in the successive dvipas and samnudras of the Jaina
cosmography. When all the seeds are exhausted, let us
construct another palya having its diameter equal to that of the
dvipa or samudra where the last seed was thrown. This palya,
too, must be of the same depth and height as the anavastiuta
palya. Let this newly constructed pal/ya be also named as
anavast/uta. Let us fill this with seeds as before and start
once more throwing a seed in dvipas and samudras till this
palwz becomes empty Let us throw one seed in s'alika thlS

1 J, Bl a.nd U sta.nd tol J[Lg/L(LnJa mu,whyama d,nd utl»rsta rospectlveh
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time* with a view to note that anavast/ita became empty. Once
more we should now construct a new palya having depth and
height as before but having its diameter equal to the dvipa or
samudra where the last seed was thrown. Let us fill this
palya again named as anavast/nla and start throwing seeds as
before. When this gets emptied, a seed is to be thrown in
s'alakta. When this process is repeated for a number of times,
it will so happen that s'w/aka will be completely full. At this
stage we should again construct a new palya as before and fill
it up with seeds. Then we should commence throwing seeds
from s'alaka till it gets emptied. This time we should throw one
seed in pratis’alika and start throwing seeds from anavastiuta.
When this process is repeated several times, s'a/a%a will become
full. Then this palya should be emptied as before and to mark
that stage one seed must be thrown in pratis'aldka. In course
of time, this process when repeated, will fill up pratis'alaka.
We should then start throwing seeds from it till it becomes
~mpty and to note that stage, we shoulda throw one seed in
mahipratisalaka. Let us then start emptying s'alaka which
has been already filled up with seeds by this time. When it
pecomes empty, a seed is to be thrown in pratis’aldka, and the
process of emptying anavast/uta, throwing one seed in s'a/dka,
constructing a new anavastiiuta etc. is tc be repeated till
all the four palyas including the anavastfit~ finally constructed
get filled up with seeds. On this stage being reached, we
should make a heap of seeds of these four palyas and add
to it all the seeds thrown in various dvipas and samudras.
When this work is over, let us count the number of the sceds.
When one is deducted from the number thus obtained, the
remaining number is spoken of as wikrsta-sankhyata. This
utkysta-sankivita number of the early Jainas may be compared
with what is called “Alef-zero’’ in modern Mathematics. This

number is explained in “The theory of functions of a real
variable and the theory of Fourier’s Series” by E. W. Hobson
Sc. D, F. R. S. (A. D. 1907, p. 154), as under:—

1 According to Hemacandra Siri’s commentary (p. 236) on dnuyogadira
one seed was thrown even earlier. What is stated here is, however, in accor-

dance with Loluprekas’a (I, 140),
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“The cardins :umber' of the aggregate of all the finite
integers I, 2, 3,.--ee... n, is called Alef.zero, and is denoted
by x? thus x={.}. The number x, is identical with the
number which has been previously denoted by a’’.

By adding unity to the wikrsta.sankhyata (the highest
numerable ), jaghanya-paritia-asankhyita (the lowest nearly
innumerable) is obtained. Then follow theintermediate numbers
which form the class known as madhyama-paritia-asankhyata

until wikysta-paritia-asaikiyata (the highest nearly innume-
rable) is reached. 'Which is this ‘highest nearly innumerable’ ?
The answer is as under:—  *

Jaghanya-paritta-asankhyata multiplied by itself not only
once but jaghanya-paritta-asankhyata times,® leads to a number
called jaghanya.-yukta-asankhyata*. This number diminished by
one goes by the name of utkrsta-paritia-asankhyata.

Numbers between jaghanya-yukia.asavkhyita and wutkrsta-
yukta-asanklydie form the class known as mad/zyama.yu/.éta-
asankhyila.

Jaghanya-yukta-asankhyata multiplied by itself jaghanya-
yukta-asankliydia times gives us a number styled as jaghanya-
asankhyaia-asankhyita. This number diminished by one is
utky sta-yukta-asankiyata.

Jaghanya-asankhydta-asanklyata when multiplied by itself
jaghanya-asanklyaia-asankhyata times gives rise to jaghanya-
paritta-ananta. This number diminished by one is wtkrsta-
asankhyata-asankhyaita.

Jaghanya-paritia-ananta multiplied by itself jaghanya-
paritta-anania times comes to jaghanya-yukia-ananta. This
number diminished by one is wtkzsta-paritta-ananta,

Jaghanya-yukia-anania multiplied by itself jaghanya-yukia-
ananta times leads to jaghanya-ananta-ananta. This number
dimished by one is wikrsta-yukta-ananta.

1. ““A cardinal number is characteristic of a class of equivalent aggregates”,
It is so defined on p. 8 in ‘The Theory of functions of a real variable and the
theory of Fourier’s series” (p. 8) ahove referred to.

2 “The cardinal number x, is greater than all the finite cardinal numbers
and it is less than any other transfinite cardinal number” ( [id., p. 155).

3 This is called abhydsa of jaghanya-paritta-asankhyita; for, abhydsa
means a number raised to itself e. g. the abhydsa of = is 2%

4 This is equal to the number of samayas in one dvali,
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~ All numbers beyond jaghanya-ananta-ananta come under
the class known as madhyama-ananta-ananta; for, according to
the canonical works there is nothing like utkrsta-ananta-ananta.

The Karma-granthas agree up to the definition of jaghanya-
yukta-asankliyata. Thereafter they differ as under:—

Jaghanya-yukta-asankfyata multiplied by itself and then
diminished by unity gives wtkrsta-yukta-asankizyata. The addition
of one to this number gives jaghanya-asankhyata-asankhyata.

Find out the square of this jaghanya-asankhya-asankhyata,
then its square and again its square.’ Add to this number 10
particular® asankhyatas. This resulting number is to be squared
and then this process is to be repeated twice. The result thus
arrived at, is jaghanya-paritia-anania. This number diminished
by unity is wkrsta-asanklyata-asankhyata.

The adlyasa of jaghanya-paritta-ananta is equal to jaghanya-
yukta-ananta. This number which corresponds to the number
of the ablavyas, when diminished by unity equals w/érsta-
paritta-anania.

The square of jaghanya-yukta-ananta comes to jaghanya-
ananta-ananta. This number diminished by one is wutérsta-
yukta-ananta.

Tind out the square of the jaghanya-ananta-ananta,
then find out its square and then find out the square of this
resulting number. Add to this number finally obtained, six
particulaz® anantas. The number thus got is to be squared. This
resulting. number is also to be squared. Repeat this proeess
once more. Then the number arrived at, gives us u/krsta-
ananta-ananta, when the ananta paryayas of kevala-jiana and
those of fevala-dars'ana are added to it. -

1 This is in short, the cighth power of jaghanye-asankhyéta-asankhyata.

2 They are: (i-iv) The pradesas—of-{e}okéhds'e, (b) of dharmastilaya,
(¢) of adharmastikaya, and (d) of a soul, (v-vi) adkyavasayasthanas of sthiti-
bandha and anubh@ge, (vii) indivisible parts of mental, vocal and physica)
yogas, (viii) the semayas of kalecakra, (ix) pratyeka-jives and (x) the bodies of
the anantakayas. Here, everywhere ‘number’ is understood.

3 They are:—(i) the nuwmber of the vanaspatikayas, (ii) the number of the
nigodas, (iii) the number of the liberated, (iv) the number of the paramdanus,
(v) the number of the sumayas of the time (past, present and future) and
(vi) the number of the prades’as of alofdkis'n.
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Dr. Datta s treated this subject ia his article “The Jain:
School of Mathematics™ (pp. 141-142) as under:—

“Consider a certain trough which is of the size of the
Jambudvipa whose diameter is 100,000 yojanas, and whose cir-
cumference is 316, 227 yojanas, 3 gavyuti, 128 dhanus, 13% angula
and a little morc. Iill it up with white mustard seeds counting
them one after another. Continue in this way to fillup with

mustard seeds other troughs of the sizes of the various lands

and seas of the Jain cosmography. Still it is difficult to
reach the highest number amongst the numerables. So the
highest numerable number of the early Jainas corresponds to
what is called Alef-zero in'modern mathematics. IFor numbers
beyond that Anuvoga-dvara-sittra further proceeds:

By adding unity to the higest ‘numerable’, the lowest
‘nearly innumerable’is obtained. Afterthat are the intermediate
numbers until the highest ‘nearly innumerable’ is reached.
Which is the highest ‘nearly inoumerable’?

The lowest ‘nearly innumerable’ number - multiplied
by the lowest ‘nearly innumerable’ number and then
diminished by unity will give the highest ‘nearly innume-
rable’ number. Or the lowest ‘truly innumerable’ number
diminished by unity gives the highest ‘nearly innumera-
ble’ number. Which is the lowest ‘truly innumerable’?
The lowest ‘truly innumerable’ is obtained by multiplying
the lowest ‘nearly innumerable’ number by itself; or by
adding unity to the ‘highest nearly innumerable’ number.
This number is also equivalent to Awval. After that are the
intermediate numbers until the highest ‘truly innumerable’
number is reached. Which is this highest ‘truly innumerable’
number? Itis the lowest ‘truly innumerable’ number mul-
tiplied by the AvaZ and then diminished by unity ; or the lowest
‘innumerably innumerable’ number decreased by unity. Which
is the lowest ‘innumerably innumerable’ number? It is the
lowest ‘truly innumerable’ multiplied by 4va/ or the highest
‘truly innumerable’ number increased by unity. After that,
are the intermediate numbers until the highest ‘innumerably

1 Seo “The Bulletin of the Calcutta Mathematical Society” vol. Y‘{I
No. 2, 1929,
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innumerable’ is reached. Which is the highest ‘innumerably
innumerable’ number? It is the lowest ‘innumerably innu-
merable’ number multiplied by itself and then diminished by
unity, or the lowest ‘nearly infinite’ number diminished by
unity. Which is the lowest ‘nearly infinite’ number? The
lowest ‘innumerably innumerable’ number multiplied by itself
or the highest ‘innumerably innumerable’ increased by unity.
After that are the intermediate numbers until the highest ‘nearly
infinite’ is reached. Which is this highest ‘nearly infinite’
number? The lowest ‘nearly infinite’ number multiplied by
itself and the product decreased by unity; or the lowest ‘truly
infinite’ decreased by unity, Which is the lowest ‘truly
infinite’ nnmber ?, The lowest ‘nearly infinite number’ multiplied
by itself, or the lughest ‘nearly infinite’ increased by unity. It
is also called the Abhavisiddhi. After that are the intermediates
until the highest ‘truly infinite’ is obtained. Which is the
highest ‘truly infinite’ number? The.lowest ‘truly infinite’
number muitiplied by the Ablavisidd/i and diminished by unity
or the lowest ‘infinitely infinite’ number diminished by unity.
Which is the lowest ‘infinitely infinite’ number? It is the
lowest ‘truly infinite’ number multiplied by the dbhavisiddhi
number, or the highest ‘truly infinite’ added by unity. After
that are intermediate numbers. Such are the numbers of
calculation.”

He further observes: "It will be easily recognised that the
above classification can be represented by the following series :
NN Lo (N+D =1 0 (N1 (N4 151 }
(N1 L { (N+D%-1 0 (NS (N4 1 )
-.(N+I)”...{ (N+1)%-1 } 1 (N+1)*...
where N denotes the highest numerable number as defined
before...... The series contains as recorded in the work the

extreme numbers of each class and the different classes have

been separated by a vertical line.

It will be noticed that in the classification of numbers
stated above there is an attempt to define numbers beyond
Alef-zero....The fact that an attempt was made in India to
define such numbers as early as the first century before the
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Christiai erz speacs highly of the speculative faculties of th-
ancient Jaina Mathematicians,”?

IIFFERENT TYPES OF INFINITY

Infinity can be looked upon as having three types, when
viewed from the stand-point of the conditions of human beings.
For instance, a liberated soul will remain in that condition for
ever; 1. e. to say this state is s@di-anante. The mundane state of

—this soul prior to the attainment of salvation is enddi-sinia; for,
it was only when the final emancipation was reached that this
soul bade good-bye to the mundane state binding it from the
beginningless time. In the case of one who is never to be
liberated, the mundane state is anddi-ananta.

‘From Sthananga * (sitra 462) we learn about the five
varieties of anania orinfinity, viz. (1) ekato’nante (infinite in
one direction), (2) dwvididnanta (infinite in two directions),
(3) des'awssiaranante (inhnite in partial expanse), (4) sarza-
vistaranania (infinite in entire space) and (5) s'as’vatananta
(infinite in eternity).

UseE or Facrtors FOR MULTIPLICATION AND DivisioN

Over and above these contributions in the Mathematical
field, Umasvati, who was not only a metaphysician but who also
appears to have been a Mathematician of the Kusumapura®
school?, has obliged us-by indicating two methods of multipli-
‘cation and division.* One of them is the usual method, and
the other is the method whereby operations are carried on in
successive stages by factors’ and which is hence simpler and
shorter than the first. '

1 For a treatment of numbers according to the Digambara sources, the
reader is referred to the “Jaina Gem Dictionary” (pp. 140-148).

2 Ancient Pataliputra near modern Patna.

3 The celebrated Bhadrabahu, too, belongs to this school.

4 See the bhasys on Tattvarthadhigamasuira (11, 52).

5 Brahmagupta (628 A.D.) has named the multiplication of factors as
bhedagunana (vide his Brakmasphutasiddhanta, XI1, 55), and others as vibhs-
gagunana. S'ridhara (e, 750) has mentioned in his Z7is’«tth@ as the Oth rule
the method of division by factors. These methods went through Arabia to
Ttaly, in modern ages and were called mode per repicqo, as we learn from

“Hirtory of Mathematics” (vol. IL, pp. 101 and 135) by D. E. Smith,
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FOUR KINDS OF PRAMANA (MEASURE)

Anuyogadvara (sitra 131) mentions four types of prama-
na. These respectively refer to the four entities viz., (1)
dravya, (2) ksetra, (3) kala and (4) bhdva. Dravyapramana is
of two kinds: (1) prades’anispanna and (2) vibhaganispanna.
Out of these the former has infinite varieties, while the latter
has only five v¢z., (1) mana (measure by bulk), (2) wnmana
(measure by weight), (3) avamana (linear measure), (4) ganima
(numerical measure) and (5) prafimana (measure by weight).
Ganima refers to calculation of numbers beginning with one
and going up to a crore.

Mana is divided into two classes viz. (i) ddnya-nina and
(1) rasa-mana acicording as it deals with corn or a hquid sub-
stance like liquor. Each of these classes and wnmana, ecvamana
and pratimana as well, provide us with tables of measurements
as under:—

~

I DHANYAMANAPRAMANA

2 asatis’ =1 prasrti (pasai)
» prasrtis =, setika (setya)
4 setikas =, kulaka® (&ulad)

i

,, kulakas y» prastha (pattha)
,, prasthas =,, adhaka  adlaga)

,, adhakas =, drona® (dona)
6o =,, jaghanya (ja/nna) kumbha
8o " =,, madhyama (majjiima) ,,
100 ' =,, utkrsta (wkkosa) "
8oo . =,, vaha
IT RASAMANAPRAMANA
2 catubsastikas* = 1 dvatrims'ika ( baisisiya)
1 The Prakrit word for ‘sati’ is asat. -

2 This is also known as ‘kudava’.

3 Those persons like Bharata and Sagara whose body is 108 times their
own angula are said to be pramanaywkia. They arve also said to be mana,yukia ;
for, they will displace one drona of water, if they enter a droni, a vessel full
of water, Or if this vessel is wantirg in water to the extent of one /rona, it
will have its water up to the hrim, when such per-ons enter it, This illu<tration
referved to in Anuwyogadvdrasitra (sitra 133) and explained by Jinadasa
Gani in his crps (p. 52) and by Yakinimahattaradharmasinu Haribhadra Sari
in bis commeontary (p. 77) on this satra, is likely to remind one abont the
principle of Archimedes.

4 The Prakrit word for ‘catubsastikid’ is catisatthia.

6 e
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2 catubsastikis =
,, dvatrimg’ikds =

1 - Y-
S MANIKG = § palas
1 sodas’ikd (solasia)

= s mapika = 16 palas

, sodas’ikis =
, astabhagikas =

y caturbhagikds =

1 astabhagika (atthabhaia)

& maniki = 32 palas

I caturbhagikd (caibhaia )

4 maniki = 64 palas

I ardhamanika ( eddhamania)

yy ardhamanikas =

= & manika = 128 palas

I manika (smndnid)

= 25 6{palas

III UxMANAPRAMANA

1 ardhakarsa’

=% pala

9
2 ardhakarsas =1 karsa (4arisa)
3

karsas
,, ardhapalas
500 palas
10 tulas
20 13}

n

=1 pala -

=1 ardhapala (addiapala)
=,, pala

=,, tuld

=,, ardhabhira (eddhablara)

=,, bhara

IV AVAMANAPRAMANA

24 angulas
4 hastas
b3 N
3] b2 B
b2l I3

» ”

N ’Z
10 nalikas

=1 hasta (hattha)

=9 danda

y» dhanuska (dianukka)
=, yuga (juga)

=,, nalika (naka)

=,, aksa (akkha)

=,, ( musala)
=, rajju

~

[

V  PRATIMANAPRAMANA

11 guiijas =
1} kakanis
15 gufljas =
3 nispavas
5 gufijas =
4 kakanis =
12 karmamisakas=
48 Kkakinis =
16 karmamisakas=
64 kakinis =

I

1 kakani (kagani)

=,, nispava (nipphava)

” »

» karmamisaka (£ammamasad)
13 »n

13 b3

» mandalaka (mandalad)

) »”

y svarna (suvanna)

1) »

1 The Prakrit word for ‘ardhakarsa’ is addhakarisa,
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We shall now turn to Zsetva-pramana. Like dravya-pra-
mana, this, too, is of two kinds: (1) pradesanispanna and
(2) vibhaganispanna. The former has asan /hya variet'es inas-
much as it deals with substancss occupying prades'as from one
to asankhya. The latte: is, roughly speaking, divided into eight
types beginning with angu/a and going up to yogjana. These
types are mutually connected as under:—

6 angulas’ =1 pada (paya)

2 padas =,, vitasti (vikatths)

,, vitastis =,, ratni (vayant)

,, ratnis =,, kuksi (kuccl )

., kuksis =,, dhanusya (dhanukka)

2000 dhanusyas=,, gavyita (gaiid)
4 gavyitas =,, yojana(joyana)®
Just as dravya-praména and ksetva-pramina as we'l, are of
two kinds, so is £2‘a-pramana, its two kinds being (1) prades’a-
nmispanna and (2) vibhaganispanna. Thé former nas asankiva
varieties as it deals with substances lasting from one samaya to
asankhyata samayas. The latter has several subdivisions such
as (1) samaya, (2) avalikd, (3) muharta, (4) ahoratra, (5) paksa,
(6) masa, (7) rtu, (8) ayana, (9) samvatsara (year), (I0) yuga,
(11) parvanga etc.® These are related as-under:—
Asankhya samayas =1 avalika (avaelya)
Sankhyata dvalikas =,, nisvisa (nis.sa) or
1 ucchvasa (usasa)

1 ucchvisa+
I nisviasa

} =,, prana (pana) -

7 pranas =,, stoka (tkova)

7 stokas =, lava v
77 lavas = muharta (mulmtia)

3773 ucchvasas = ” .

30 mubdrtas =,, ahoratra (aloratia)
15 ahordtras—=,; paksa ( pakiia)

2 paksas =, misa

2 mdasas =,, rtu (ui)

1 deigulc is of three kinds: (a) amaﬁ;uza, (0) pramandrigula ax{dhtz«-)
utsedhinguls. The last has several subdivisions. For information in this
connection the reader may refer to my Arhataders'cuadipika (pp. 78-80).

2 Cf. Anwuyoyudvdrasalre (sitra 133).
3 Forfurther subdivisions see supra (pp. xvii~xx of this intreduction).
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3 rtus =1 ayana (eyana)
2 ayanas =,, sarvatsara (samuvacchara)
5 sarhvatsaras =,, yuga (juga)

84 lacs of years =,, purvanga (puvvanga)’
Phava-pramana has various subdivisions but they have
very little to do with Mathematics. Moreover it is not possible
to treat this subject’ any more here, since the object of this
introduction is to take a rough survey of the Jaina field of

Mathematics.

GEOMETRICAL REFERENCES IN FHE JaiNa CaANON

As already remarked®, when geometry is the lotus of
Mathematics according to the Jaina canon, it is not surprising,
if therein we come across several technical terms pertaining
to it. -

Blagavatisitra (XXV. 3; sitras 724-726), Anuyogadvara-
siitra (satras 123 and 144) etc.”, supply us with the names of
five geometrical figures as under :—

(1) ¢ryasra ( triangle® ), (2) caturasra ( quadrilateral® ),
(3) avata (rectangle), (4) writa (circle) and (5) parimandala
(ellipse). Each of these is of two kinds according as it is
pratara (plane) or ghana (solid). Consequently ghanatryasra,
ghanacaturasra, ghandyata, ghanavrita and ghanaparimandala
respectively mean a triangular pyramid, a cube, a rectagular
parallelopiped, a sphere and an elliptic cylinder.

We come across the circular, triangular and quadriangular
rings (annulii) which are called valayavrtta, valayatryasra

and valayacaturasra respectively. 1

1 Cf. dnuyogadeGrasitra (sitra 137) and Arhatadars'anadipiké (pp.
587-588).

2 This subject is partly dealt with, in Zattvarthardjavariika (p. 146),
aDigambara commentary on Zattvdrtha (III, 38), and in The Jaina Gem
Dictionary (pp. 153-154), too.

3 See p. 12, fn. 2.

4 See Jambadvipaprajnapti and Jivdjiwabhigamusitra.

5.6 In this conectisn I may mention that Dr. Datta has written a
splendid article viz. “On Mahavira’s solution of Rational Triangles and
Quadrilaterals’. See “The Bulletin of the Caleutta Mathematical Society”
vol. xx (pp. 267-294), 1928-20. On p. x of this introduction this article is

alrezdy referred to.
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Anuyogadvarasatva (sitras 100, 132 and 133) gives us
names of 3 units of measurement viz, (1) sizcyangula (needle-
like finger), pratarangula (plane finger), and (3) ghana-
ngula (solid finger). These mean the units of linear, super-
ficial and solid measures respectively. For, it is stated there
that sicyangule is linear and one dimensional, the product
of sucyangula by itself gives pratarangula, and this when
multiplied by siicyangula gives rise to ghanangula.

In Saryaprajiiapts (sutras 11, 25 and 100) We come across
the names of the following terms:—

(1) Samacaiurasra, (2) vis'amacaturasra, (3) samacatusa-
kona, (4) vis'amacatuskona, (5)samacakravala, (6) vis'amaca-
kravala, (7) cakrvardhacakravila and (8) cakrakara. Weber
has explained them in Zudische Studien (vol. X, p. 274) as even
square, oblique squre, even parallelogram, oblique parallelo-
gram, circle, ellipse, semi-ellipse and segment of a sphere.

In the bkasya on Zattvarihadhigamasatra (111, 11)
we find the terms (1) vrttapariksepa’, (2) jva, (3) isu, (4) viska-
mbha, (5) dhanuskastha® and (6) baku®, and in the bhyasya on
IV. 14 we find viskambhardha*. These names respectively
stand for a circumference, a chord, an arrow, a diameter, an arc
of a circle less than a semi-circle and a semi-diameter or a radius.

MENSURATION ForMULA

The b/asya (p. 258 ) on Zattvarthadhigamasatra (111, 11)
furnishes us with the following 6 formulee:—

(1) C = VigE® (2) A =1Cd

1 See p. 258.

2 Seb pp- 256-258.

3 See p. 258,

4 See p. 288.

© 5 In dnuyogadvarasatra (sitra 146, p. 235) the circumferece of a palye of
1 lac yojanas in diameter is given as under:—

“@ srEme oF R on Sauggwed aEmkraisn [t Sevmrssad Sieg
gToiE A0 o gty AT [ o 1 agihd 7 qusd a0 7 GISE 98 6 7
mify RYarfky aRag3 qoog”

In the commentary (p. £36) on this work by Maladharin Hemacandra, the
following verse in Prakrit has been quoted;—
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(3) C= V—I]L‘H(r‘/:—/'z:, (_;.) h = %(d—V(T?-F_)

(5) w=Verrye? (6) d=(h+>) 1
Here C stands for the circumference of a circle of diameter
d and A for its area. The arc of a segment of a circle less
than a semicircle, its chord and its height or arrow are denoted
as «, ¢ and /% respectively.

Over and above these 6 formule mentioned above, the

bhasya (p. 258) gives us a rule as below:—

The portion of the circumference of a circle between
(bounded by) two parallel chords is equal to half the difference
between the corresponding arcs.

In Ksctrasamdse ot which the authorship is attributed to
Umasviti, only the fourth formula is not to be found. Further-
more, the rule pertaining to finding out the arrow mentioned
there can be expressed as 7= V{6

This topic is dealt with by Ratnas’ekhara Sari in his
Laghuksetrasamasa in the following hemistiches of the gathas
188-:190i—

“RRAEVANTIETOES €T TR 21
“Rregligh sy geiig T
“ggafin saft gy g3 g aufg”*

Zrilokasara, too, furnishes us with the formule here given

and some more, All of them can be mentioned as under:—

“aRA K v DT FTE 2Y 7 g9 gudtaskar )
FIERT azdE auey Rgesela 17
[ aRtfrgl w41 Deg FeaT & 7 79 sufaagiid |
RMEEFAZIED 9750 FaRmga st 1]
1 Compare Gunpitasirasangreha VII 43, 734, and Mahasiddhanta (Benares
edn. XV, 90, 94, 95 of Aryabhatta. .
According to the Greek Heron of Alexandria (c. 200) &= V4AZ + c?+2 or
Ve + (Vairyeoe)h,
The Chinese Hue who died in 1075 A. D. gives the formula as e =¢ x 2‘—;2'
2 In Kyetrasamaso (v. 7) as well as in the ¢ciirpsi on Jambadvipaprajiapti,
instead of @ there is Fyof.
3-5 Sanskrit rendering:—
Aaraanzngngs Tow aRfrdsi
AENg79e TG e ey !
TP IZGY AT IS WAl 9:g8e |
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(1) C(gross)=3d
- (2) C (subtle or neat) = V10d*
(3) A= }. Cd
(4) »={% s where » is the radius of a circle equiva-
lent to a square of side s; thus == (}¢)*
(5) *= 4h (d-h)
(6) o= 6/P+c®
.2 47[3
(7) d=22220
(8) A (gross)=V10.c. 4
(9) A (neat) = (ovh) h

o2 + (2h)2
"(IO) d= +4(102)

(11) h=Vai=g
§

(12) h=3 ((l—de—cz)

(13) d=% (2-h) -
(14) b= Vd2 Yia’=d

(15) &®=4h (d+L)

(16) ®=c’~6h°

Out of these formule, the 1st three are given in gatha
311, the 4thin 18, the sth and the 6th in 760, the 7th in 761
the 8th and the gth in 762, the roth and the 11th in 763, the
12th in 764, the 13th and the 14th in 765, and the r15th and
the 16th in 766.

In Trilokasara (gatha 309) we find the discussion about the
breadth of 'm annulus (za/ayavyasa) and the diameter of its edae
(sitcivyasa).

Gommaiasara supplics us with formule about volumes of
a prism etc.- For instance, from ga#ui 17 we learn that the
volume of a prism=Dbase x height, The gatka 19 furnishes us
with two formule as under:— -

(i) Volume of a cone or a pyramid =} base x height.

(ii) Volume of a sphere =32 (radius)®

Gathas 22 and 23 lead us to the {cllowing conclusions:—
Volume of a conical shape = ( Sizevmfersnce?  hejght, This is

on the supposition that the height equals (approximately) ;%
circumference. Thegdtha 114 deals with an isosceles trapezium,
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If o, 6 and 72 represent the face, the base and the altitude
of an isosceles trapezium, we can have the following results:—

(1) The rate of decrease of b or increase of a=292.
(2) Area=1 (a+b)h.

(3) At a height 7’ above the base, the breadth of the figure
will be b ¢,2 I/ and at a depth I" below the face, the breadth

will be a+’2/‘7" R,

It may not be amiss to mention that some geometrical
figures are sugge-ted in the following passage of Dasas'ruta-
skandha (Vi1)i——

Py Pasgise aftqooRy womrg SRIT AMTEINET JOTHT, IS
Yur, sy, wghuan, wEnife, dgeEzd, adeamar?

Before I finish this section about the geometrical know.
ledge of the Jwnas, { may mention two problems. One is
referred to in Blagavali (sutras 726 and 727).. It deals with
the minimum number of pradesas (shots, literally spots)
required to construct various geometrical forms. To give a
clear idea, I may give a tabular form:—

Geometrical form Minimam number of | Minimum Bumbor of

Circle ... ol e . . 12
Sphere .- 7 oee . 32
Triangle Foee 6
Triangular pyramid ... 35... 4
Square 9... ot 4
Cnob: ... . 27 eee .es o 8
' . Feee 2
. 15... 6

BN 45 vor aes 12

The other problem deals with the different strata of Meru
mountain and it is treated in_Jambidvipaprajiiapts.

1 Vide Uttarfdhyayanaiatra (XXX, 19).
2 Beo Sthandaiga (VI; sitra 514),
5 Sanskrit rendering:—

qieds frgafeai sRmaeTTe TRy Eaat S, qE aq—ier, snide,
TR, TAFRTHT, FTFIRTTT, T |
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VALUES OF =!

In the canonical works of the Jasnas, three distinct values
of = are noted: (i) V10, (ii) a little more than 3 (g afdivy)
and (iii) 3.16.

In Bhagavatisiiira (sutra 91), Jivajivablugamasitra (satras 822
and 109%), Jambidvipaprajiiapti (sutra 3), Siaryaprajiapti (sttra
20%), the dhasya ( p. 258 ) on TZuattvarthadiugamasiitra (111, 11)
and several other works, the first value has been adopted. It
is strange to note that Ratnas'ekhara Suri (1440 A. D.) has
evaluated = as V10 in his work Lagluksetrasamasa, even when
a more accurate value was certainly known in his times.

ACCORDING TO THE JAINA WORKS

1 For the “Hindd (non-Jaina) values of =, see Dr. Datta’s paper published
in the “Journal of the,Asiatic Society of Bengal”, vol. XXII (pp. 25-42), 1926.
2 “geq oi N Y dEWAAR ¥ F uE Nvrwgand AamiEed &Gt Somaeew
Aoy geear: Qw7 G avag [t 2 7 gz 7 yuEd Ra 7 sigen W
9 BfaRafre aRegan”
[ ax Aisqr gwedaliegs: 9 @ ﬁawwa’wmmwﬁw Afor q“r-awamﬁr
Ney geai & 9 qeaaR(ntd) Naquy o0 Ky F9gwd 1917 agerad-
god ¥ fafafRmfad ak@da ]
3 “frfyr MaorAE AAARFERT U7 CHIIUOAIIUFY FHRRAYT TR
[N FrsrgmarrEaRem R q99 cRargmaEiaR) deaan (¥R ) Al
2oy qRador )

- Malayagiri while commenting upon this portion observes:

o

“oRaRaE - RRE T IE Tl gz RIel F s auan w9
HAsYT, gAACAT
4 “oif AygoragEd o a<e SIoEd aEaREER @it Shmaren f/fw 7 qause
Ao gRFe”
[ wd Arsaazans Fatad (FFfFnziia) eameg (2233) wrammiss=Rn A/
Tragagad Nl 7 qaagas Aaamane ( 223 ) qfade ]
“ait MamrAEEd wi o SIHd SrAmad enAmiFERn fbu SavEend 9ui
et gorRd TRERA”
{ ok NuameaErs 7 Agiag @FglEmin) Suaga ( 2&3»’) AR S
zfrsr:mgarfr‘n Ik gault AuagaE (2voR ) gAY ] -
“oit ArAMREE @ = amdd AT wrnalEEd (it Sianswen: sk 9y
W A RIGIH?
[ od MsTaeaas = 99197 @aEngs) Jraamay ( 1232% ) s T
AT FAR g0 Araar ( 2vos ) yRdiv |
TIITAAATENE B ATIG SUANEY @A @i Seoemeear
qUITH AAAEETE giprmeha SraeE FEEgmRe akeg3o”
[ asaffraagean vz =7 Tzt Maagar (s’3¥e) wmmies=im ffy
NaagTaEa ogzy NaTFega cRFaaRgiaam (32u0¢r) ARfyRRartmy TRt
Here we find that the value of = accepted as 3 by three non-Jaina schools
is rejocted, and that the diametor of the innermost orbil of the sun is mentioned
here as 00610 yojanas and its circumference as 315089 yojanas plus a little more
{ dTe
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The second value of 7 is wowcea wm Jambiidvipaprajiiapls
(sutra 19) and in Utmrﬁn’/zyaya/mx'z_/f/'(z (XXXVI, 59).

The third value is hinted at in /ivdjivabligamasitra (sitra
112). There it is stated that for an increment of 100 in
diameter, the circumference increases by 316.

. . 2
In the Digambura works = i~ cquated to 12, since,
according to these works == VI0=Vo+ ,",_ =34 §=2273
L\AJJU

In most of the Jaina works, a rajju is defined as the
diameter of the Swvayambliramana oceant Ratnasaficayapra-
karana (v. 483°, p. 189°) defines rajju as follows:—

A god can go 100,000 yojanas in the winking of an eye.
The distance which he can go in 6 months is a rajyz.

Rajju is also defined as under:-~- -

If a powerful god were to throw down forcibly an iron ball
heated and weighing 1000 b4dras, the distance which it can
cover in 6 months, 6 days, 6 pralaras, and 6 ghatikas is equal
to a rajju. See Rainasaicaya (v. 19-20").

1 This leads us to infer that the Jainas were aware of the fact that the
circumference of a circle varies as its diameter.

2 Cf. Lokaprakas'a (I, v. 72).

3 According to The Jaina Gem Dictionary (pp. 154-155), the rule for
finding a sq. root is to write the sq. root of the nearest rational number and to

add to it the remainder di\_fided by twice its sq. voot e. 9. Vi=Vi+ 2\}5 =1 +

$=3. CfL VN=Vatir=0+ 2—2 where r is small,

4 Cf. Lokaprakas'e (I, v. 65).
5 This verse is as under:—
“StreroreraaH BRrERRor ST S & .
ZFATAYT 7 AT TF T T 1 ¥eR W
[Arsreroera R qrfy 47 3¢ )
ORI F ARG, T AL 1]

The 187th gatha of Brhat-sangrahani containing 485 gathas may be seen
in this connection.

6 This page-number refors to an edition published by 8’ri Jaina dharma
prasiraka Sabha in Sarmvat 1985. This edition contains both the text and its
Gujarati translation.

7 They are as under:—

“firegg gEATE A1 GO A Mar o qIAAAT RV |
ArAgEaR @t gee sf Ko e s
T TER T g7 AEFAE TR gagAT |
To e TAI {AEER gaE T il R0 0

+
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MagIc SQUARES

I have up till now tried to point out some of the features
of the Jaine Mathematics as depicted mostly in the canonical
literature. Now I shall refer to stotra-saluitya or hymnological
literature. I have come across three hymns which allude to
magic squares. One of them directly indicates the numbers
which make up magic squares. The remaining ones give
rise to five magic squares as suggested in its commentary,
These magic squares are of different orders: 3rd, 4th, 5th, 8th
and gth. A detailed account of them is given by me in my
“Note on Jaina hymns and magic squares’” published in “The
Indian Historicaleuarterly” (vol. X, No. I, pp. 148-153).

APPLIED MATHEMATICS

I have collected materials throwing light on Applied Mathe-
matics, too; but I reserve their treatment for future. Only a few
particulars are being noted here. That, light is matter is sug-
gested in Zattvarihadhigamasiitra (V, 24). An idea akin to the
first law of Newton, is also expressed in this work (X, 6). The
Jaina notion about the principle of flotation can be inferred from
Kalyanamandirastotra (v. 10). The theory of sound is discussed
at great length in Vises'avas'yakabhasya (v. 351-372 ).

[gaf gE)aR: s gta T aEvEa: |
aregEand § qoate: gefRiEah o

gEEl: veHEEREE wEky Fuly araar |
TEETT THT S THERT [Ty 1]

1 This is only what could be here noted from my paper “Some materials
for the study of Mathematics in Jaina literature” accepte?i by and read at
the Jubilee sessions of the Indian Mathematical Conference held in 1932.
This paper was based upon the notes prepared by me when I submitted to the
University of Bombay in 1924, the vresults pertaining fo “Jaina Mathe-
matics” in connection with which a grant was given to me bj:,this University in
1923. During the years that have since elapsed, my friend Dr. B. Datta
has contributed in this connection three important and interesting articles: two
to the Bulletin of-theCaleutta—Mathematical Society in 1928-29 angd
one, to “Quellen und studien zur Geschicte der Mathematic”, a German journal
in 19833. Still much remains to be said regarding Jaina Mathematics
not only by way of multiplying the instances in support of the facts mentioned
here but also by presenting together several Mathematical problems lying
scattered in the various Ggamas and by hringing to light other Mathemalical
factors which may have escaped mnotice on account of the want of thorough
investigation of the Jaina canonical works which is not still carried out by me
owing to the circumstances being not quite favourable for it,
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With these words abuuy ;e contributions in the Mathe.
matical field, I shall now say a few words about Ganitatilaka.

Outlines of Ganitatilaka

Ganitatilakais the name definitely mentioned for this work by
its commentator Simhatilaka Stri; S'ripati, its author styles it as
Patiganita ( Ganitasya patin )'. This work is entirely composed
in Sanskrit in verses in various metres.? Inthe very first hemi-
stich® of the first verse, the author offers his salutation to-the -
nature of the soul, in a way which is practically acceptable to
several Indian systems of philosophy. In-the second hemistich,
he indicates the subject and the purpose of composing the
work. The very first topic which he then introduces deals
with the following names®* of 5 notational places:—

(1) Eka, (2) Dasan, (3) S'uta, (4) Sehasra, (5) Ayuta, (6)
Laksa, (7) Prayuta, (8) Koti, (9) drbuda, (10) Padma, (11)
Kharva, (12) Nikharva, (13) Makasaroju, (14) S'anku, (15) Samu-
dra, (16) Antva, (17) Madhya and (18) Parardha.’

1 See verse I, In the colophon ( p. 3 ), the name Ganitatilaka occurs.
2 See my Sanskrit introduction.

3 This is capable of many an interpretation. See p. 1.
4 These very names except padma and mahdsaroje for which we have abja
and mahambuja, are found in Abkidhanacintamani (111, v, 537-538 ).

5 Cf.—
chpr g ad 9 7 W wwd 9 Eed wigd wgd 9 uagd 9 5gd gy
Ti§% = =137 @ agdy ded Ateaa qUiEmT { @ fear’
—ReravirEfar 2-¢-18 (p. 118)
“zmwﬂﬂzmw geAF! a?’r%r ?{ﬂa as o T o trga‘a
gz =rgd a4 ﬁ":‘;a = fﬁga‘ = 953 ardd = F ‘—137 = agEA 7T AEq

qrgE’’
—aegadigfear LR (p. 311)
vopt g T o grd Smd 9 () figd = 93¢ =9% 9 =g ¥ @ugs
wed e QI |
—afaderdfan v-8o-18-8 (p. 3032)
‘qrard HT’T geatT amsgam wgt fgaty argr ngmq wETsYTE
w5 Wiel GUAT W Al @Eisea @il g ey @
—FrafrrETEaT e-x-Ro-L (p. 4445)

(Al of these have been noticed by Dr. B, Datta and Dr. A, N, Singh in
their work Ilistory of Hindu Mathematics, Pt. I, pp. 9-10).
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Some of these decuple terms are, of course, those Wh1ch
We find in Ganitasarasangraha (pp. 7-8'), too.

It. may be mentioned en passant that Sirhbatilaka Sari,
while explaining the 18 notational places furnishes us with
synonyms for 12 of them as under:— '

(1) das'asakasra for ayuta, (2) das'alaksa for prayuta,
(3) das'akoti for arbuda (4) kotis'ata for padma, (5) kotisakasra
for #harva, (6) das'akotisahasra for nikharva, (7) kotilaksa for
mahasaroja, (8) dasakotilaksa for s'anku, (g) kotikoti for samudra,
(10) das’akotikoti® for antya, (11) kofikotis'ata for madkya and
(12) kotikotisahasra for parardha.

A Buddhist work styled as Abdiidhanappadipika (1, pp.
69-70) and publibhed by Gujarat Puratattva Mandira in Samvat
1980, furnishes us with some useful information in this con-
nection. The pertinent verses are as under:—

“ErEaTIERTT
( wzrgeaT TRET T CRiT |/ N R

Grtaﬁgawﬁmaﬁmwﬁl
FWRAT TEAW av Ay i) 1o
TEIEAT 22
qq, 9T, 9gd, ST, HILl, TRy, |
FITLCTRNTE, AZH, (qan) f=gd, (=) nes
satfeaft, (Rad) Ry, @wegg, () fesgd, |
qz;, aTd, (F-) =2, FEREE, — 0P, 1 o
%, gredis, (1) 9gd, Faw, (tx )|
:r—:r?'a'rm, TEAT, — (ﬁaarg |qar 7 | 9§
- TR E TEA0 FIFSFIYT F47)” =
Cgzr gmtAURERENasT geedr Nawmita w31 gafl: ardstasg-
qar Ay 73 gingaeteasy sga AT T30 Taht: sgaeaasy
g RmanAriy a3y gafafigasiatsngn Reamt agr gafngisiaasy
“Brastwar RraarRtfy a3 TRiRREsAReTS ST agAT RrAarAt agr Tmhniy
Faasofras REammi a3 enffadsisdsy araafa a3 aniaaatmiaty
FEIRATAsY G| JeatqaArEw | R 0
— AT 28-12-) (p. 395)

1 Herein the terms schasraka, das'asihasra, das'clakso, das'akoti, arbuda,
nyarbuda, lharva, mahékharva, padma, mahdpadma, ksont, mahaksoni, s'ankha,
mah@s'ankha, Lsitt, mahdlksiti, ksobha and mahaksobha are used to denote the
4th, 5th, Tth and 9th to 24th sthanas respectively.

2 Tt seems that Sirmhatilaka uses both the words koti and kofi as well; or
it may be that the scribe has not been guite consistent in transeribing the Ms:
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From Lalitavistara (p. 168, Rajendralial Mitra, Calcutta,
1877) we see that in olden days an attempt had been made to
record a set of numbers based on the centesimal scale as well.!

As the next topic, S'ripati introduces the terminology for
various units® of measurement. The corresponding tables® are
given in the Appendix. Some of the verses (e. g., verses 5 to
8) given in this connection in Ganitatilaka occur with or
without variants in S'ridharicarya’s Ganitasara* of which there
is a MS* (No. 4660, dated Samvat 1449 and containing this
text and two anonymous commentaries, one in Sanskrit and
one in Gujarati) at the Oriental Institute, Baroda.

The 8 sorts of fundamental operations, viz. (1) sankalita®
(addition), (2) vyutkalita (subtraction), (3) gunakara (multipli-
cation), (4) bkagahara (division), (5) wvarga (squaring), (6)
vargamiila (extraction of square.root), (7) ghana (cubing) and
(8) ghanamiila (extraction of cube-root), follow this terminology.
In this connection it may be mentioned that 2 methods are
pointed out for addition, 1° for subtraction, 4° for multiplication,
one of which pertains to factors®, 1 for division, 3 for squaring,
1 for extracting square-root, 4 for cubing and 1 for extracting
cube-root.

In order that this remark may be properly grasped, I may
treat this subject i exZenso as under:—

Krama and utkrama are the two methods indicated for
addition. None of them is however explained by the author.

1 Cf. Datta and Singh, 7. c., p. 10. ' ‘

2 Units of measurement pertaining to weight, iength- ete. have been
divided into smaller units by all civilized nations. For, thereby they could
easily avoid fractional quantities which were so to say a hindrance in rapidly
carrying on commercial activities.

3 In Zilavati, the tables are followed by the topic pertaining to notational
places ; thus the arrangment there is reverse of what it is here.

4 On a cursory examination, it does not appear to be the same as Tris'atika
of S'ridharacarya, an author of the same name.

5 This should be distinguished from citi or sankalifa meaning a sum of
a series according to 7ris'asi (p. 2) and Ganitasdrasanigraka (p. 17).

6-7 See p. LI,

8 This method was wellknown in the days of Umasvati, See p. XXXVI
of this introduction.



INTRODUCTION LI

‘It is rather Simhatilaka who throws light on it; but his ex-
planation that %£r»ama means adding from top to bottom and
utkrama viceversa, differs from that of Gangidhara recorded
in his commentary on Lilavati.

Sirhhatilaka mentions two methods for subtraction viz. of
placing subtrahend below the minuhend and viceversa. .

As regards multiplication there are four methods. So
says Simhatilaka. So let us examine the pertinent verses (15
and 15%) and their explanation given on p. 5.

At first sight it appears that there are four methods viz.
(1) kapatasandhi, (2) tatstha, (3) sthanavibhdga and ripavibhaga,
the last two collectively known as 4kapda. Out of them the
first has two Vaa‘letles according as the multiplier is moved
in the direct or the inverse order, while multiplying succe-
ssively the ﬁgures of the multiplicand after having placed
it below the multiplier as in the junction of two doors.

The second (Zatstha) method has, no varieties. It differs
from the ‘apatasandhi method inasmuch as the multiplier is
kept steady. This ta¢stha method which is said to be algebraic,
can be compared with #ryaggunana or.vajradhyasa (cross-
multiplication ).

Sthanavibhaga and riapavibhaga, the 3rd and the 4th methods
are each capable of being interpreted in two ways, and that
is what Simbhatilaka has done. DZbhdga means splitting, and
sthana, multiplier.” Sthanavibhaga therefore means: (i) splitting

up of the multiplier 1nto factors and (11) separation of the
. digits of the multiplier.’ The first meaning holds good in the

case of ripavibhaga, too, where ripa signifies multiplicand.

' If rispavibhaga means that the multiplier is to be considered
as the difference or sum of two numbers (this seems to be the
_meaning assigned to it on p. 5), we have two other methods for
“multiplication, each of which can be compared with Zstagunana
of Brahmagupta* In that case it may be said that in all, we

have, 8 methodsfor multiplication.

Before proceeding further, it may be observed that S'ri-
dhara has mentioned four methods of multiplication: (1) £apata-

1 See my Sanskrit introduction cf. Datta and Singh, i. ¢., p. 131, fn. 1.

2 Simhatilaka’s interpretation of sthana as multiplier and répa as multi-
plicand (p. 5) seems to be rather peculiar.

3 Cf. p. 5, 11, 17-21 of the commentary.

4 He was born in 598 A. D.
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sandhi, (2) taistha, (3) viapavibhaga and (4) sthanavibhaga.
Mahaviracarya, too, has mentioned the same four. Aryabhata II
records only the common method of kapatasandhi. Bhaskara 11
has however noted five, four of which are the same as noted
by S'ridhara, and the fifth is the one known as wstagunana. . All

these five methods given by Bhaskara IT occur in S'ripati’s
Siddhantas'ekhara.

Now a word about the method of division. It was con-
sidered by Indian mathematicians as too elementary to be
-deseribed;-whereas it was looked upon as a tediousamd difficait—
operation by European scholars as late as the 16th century.?
S'ripati explains the method as foltows:—

Remove the common factors, if any, from /4ara (divisor)
and bkidjya (dividend) and then divide in the pratiloma
(inverse) order.

Further details of this process such as dividing the digits
of the dividend by the divisor are neither stated by him nor
by Simhatilaka.

~ As regards the three methods of squaring given by S'ripati,
the first is as under:— _

After the last digit is squared, double this last d1g1t should
be multiplied by the rest of the digits respectively.! Then
the remainder left by removing this last digit should be moved,
and the procedure should be repeated.* '

1 Of. Datta and Singh, 7. ¢, pp. 135-136,
2 See Datta and Singh, {. ¢., p. 150; and Smith, History, p. 132.

3 'This is same as multlplymo‘ the rest of the digits by twice the last.

"4 According to this rule, the following 11 steps are required to
square 163 :— '

Y (i) (iii) (iv) (v) - (vi) (vid)
163 |.[ 163 [ -| 163 63 63 (. | . 63 63 | .
1 ] 12 126 126 126 126 1266 |
o 1 o 1 1 136 | | 136
- s | B Y 3 1 ) 3 3
(vidd) o (ix) (=) (xi) .
- A 3 3 12669
1266 1266 12669 | and 136
‘136 | -| 136 136 3
3 1, 3 |, 3 |~ 26569

' It appears that out of these 11 steps, the steps (vi) to (1x) have been

wrongly given in the original MS. by the scribe, and through oversight ‘this
mistake has mot been corrected by me on p. 9, and that the steps (v), (v1)

and (xi) have been omitted in the original MS, by the seribe.

For the explanation of the method in English see Datta and Singh,
{. ¢, pp. 157-160.
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-As regards this 1st-method for squaring .given by S'ripati,
Simhatilaka observes on pp..8-9 that Sripati .has adopted :a
wrong procedure in having used the phrase & furr on p. 7. with-
out explaining the term warga, while Bhaskaricarya, the author
of Lilavati has followed the right procedure, for, he has first
-explained the term warga and then explained the method for it.

~ The second method is stated by S'ripati as under:—

The product of the difference and the sum of the number
to be squared and the assumed number, when combined with
the square of the assumed, gives the square. :

‘This may be expressed algebraically as under:—
 xl=(x=a)(x+a)+a’. '
| ‘Here » is the given number and « the assumed one.
" The third method is to multiply the number by itself.

While explaining this method, Simhatilaka has referred to
a well-known method given in Z7is'as,

The method for extracting square.root® given in Gansta.
tilaka is the same as given by S'ridhara, Mahaviricirya and
Aryabhata II, but it slightly differs from one given by
Bhiaskara I1. 4

For cubing, four methods are given. Out of them, the
first is as under:— ' ' '

- .. The cube of the last (digit ), the square of this last (digit)
multiplied by three and.the succeeding (digit), the square of
this succeeding (digit) multiplied by the last and three, and
the cube of the succeeding (digit), when added, after each is
placed one place before the other give us the cube (required)”.

1 Siddhasena Gani's commentary (p. 258) on Zattvarthadhigamasitra

(11, 11) may be consulted, See Datta and Singh, . ¢., pp. 171172,

2 In accordance with this rule, the following 8 steps are necessary before
we can get the cube of 317 :—

(i) (i) (iif) (iv) §2)
317 317 317 317 317
l 27 l l 277 2779 27791 27791
, 2 2 2 2
) ) ¥ 20181

8 afiro
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From this it will be seen that this is practically the same
method as given by S'ridhara and Mahaviracarya’.

The second method is so to say as under:—

Suppose we have an A.P. of which the first term is one,
the common .difference is also one, and the last term, the
number of which the cube is required. This cube is obtained
by adding together (i) the last term multiplied by 3 as well
as by the preceding-one—{mmukfta),—and (ii) the cube of this
mukha, with one added toit. Roughly speaking, this means
that if 7 is the number of which the cube is requlred then it
is equal to 3(#~1)r+(7=1)%+1.}

- The third method is nothing else but mulnplymg the
glven number by itself and then the result by the given
number. That is to say if a is the given number, the tequired

cube is axaxa.
The fourth method can be stated as under:—

Thrice the ras’s (given number) multiplied by its two
‘parts, when united with the cubes.of each of these parts gives
the required .cube.

This may be represented as below:—

x°= 3abx+a°+8° where @ and b are the two parts of the
given number x. )

As regards extracting cube-root,® S'ripati has given only

(¥i) (vii) ; (viit)
317 317 121791
27791 27791 )
2 2 20181
20181 20181 . and 4557
4557 4557 243
, 343 31855013

In this case, the steps (i) and (v) have been misprinted on pp. 11 and 12,
and the 8th (last) has been omifted in the original MS. by the scribe,

For the cube of 1234 seo Datta and Singh, I, ¢., pp. 165-166.
1 Seo GanitasGrasangraka (v.47,p. 15)
2 COf, Datta and Singh, Z, ¢., pp. 167-169.

3 This operation is described in the Aryabhatiya. Up till now, no earljer
deseription than this is found, CL Datta and Singh, 7. c., p. 175,
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one method,) and that is practically: the same as given hy’
Aryabhata IT who has followed S'ridhara?.

This finishes a rough survey of the methods used for the
8 fundamental operations. So I shall now take a note of the
various terms® used in connection-with: each of these operations
in different works on Mathematics. in: Sanskrit:—

(1) Abdhyasd®, ekikarana, misvana, milana (p. 3), praksepana,
sammelana, sammilana (p.3), samyojana (p. 15), sankalana;.
sankalita (p. 3), yoga (p. 3), ygana (p. 15), yojana (p: 8), yukti
and yuts (p: 3) stand: for ‘addition’..

T have not come across any special term used in Sanskrit,
for ‘addend’ ( ‘summand’ ), though it can be coined.

(1) Patana (p. 4), sodkana, visodhana (p. 4); viyoge
viyojana (p. 4), vyavakalite (p. 4), vyutkalana and vyutkalita stand'
for ‘subtraction’.

Patya (p. 4), sarvadhana and wviyojyd have been used for
‘minuend’, viyojaka for ‘subtrahend’, and entara, avasesa (p. 4),
avas'esaka (p: 4) and s'esa (p. 4) for ‘residue’ or ‘remainder’.

(11I) Abkikati (p.9); abhyasa, akati (p.8), ghata (p.q),
gunakara (p. 4), gunana (p. 5), kanana, ksaya, parasparakria,
prakatt (p. v1), samahati (p: 8), santadana (p. 5) and vadka stand
for ‘multiplication’.

Gunaniya (p. 5), gunya (p. 4) and r@pa (p. 5) have been
used for ‘multiplicand’ ( ‘multiplicator’ ), gunaka (p. 4), guna:
kara and sthana (p.5) for ‘multiplier’, and gunaenaplala and
pratyutpanna (p. 4) for ‘product’.

(IV) Blagakara (p. 6), bhajana, ckea’ana and Aarana stand
for ‘division’.

Bhajya (p. 6) and Aarya have been .used for ‘dividend’,
bhagagrhanka (p. 6), ©bhagahara, bhajaka, hara (p. 6) and

1 The first step is to mark the places as ghana and aghana, e. g. the units
place as ghana, the tens place as first aghana, the hundreds place.as second
aghana, the thousands place as ghana, the ten thousands place as first aghana,
and so on.
2 S'ridhara has given more details than Brahmagupta, Cf, Datta and’
Singh, % ¢, p. 177,
3 Most of these have been noted by Datta and Singh, & c.
4 This is used both- for addition and maultiplication in- the S'ulba:
works (800 B.C.). .



v INTRODUCTION

kara (p. 7) for ‘divisor’, labdha and /labdki for ‘quotient’, and
fesa for ‘remainder’.

(V) Krt: (p.9) and varga (p. 5) stand for ‘square’.

(VI) Krii-pada® (p.9), krti-miula (p.23), varga-mala® (p.q) -
and the like stand for ‘square-root’.

(VII) Ghana (p. 11) stands for ‘cube’.

(VIII) Ghana-pada (p. 26) and ghana-mile (p. 13) stand
for ‘cube-root’.

-1 shall- now say a few words about fractions, the topic
which is dealt with by S’ripati, after he has explamed the
-" 8 operations.

: We can trace the knowledge of fractions. as far back as

. the Vaidika period. For, in the Rg-Veda (X. go. 4) we have
" the term #ri-pada®, and in the Maitrayani Sambita (111.7.7),
“the terms kala*, kustha’, pada’ and s'apha’ TFurthermore, in
the S'ulba satras, fractlons have not only been noted but they
have been utilized in solving problems?

S'ripati has used the words &%inna® as well as vibkinna®
for. ‘fraction’”, Simhatilaka has rightly looked upon them
as equivalents. - '

For numerator, S'ripati uses the' words amsa (p.18), ams'aka
(p- 34) and Java (p. 15), whereas for denominator, he uses the
words cheda (p. 18), chedaka (p. 15), chid (p. 23) hara (p. 15)
and kara (p. 21). .

Furthermore, asin S'wlba satras™, he has used the words

-

1-2 Out of pada and mila signifying ‘root’, the latter seems to be older.:
Tt.oscurs in Anuyogadvarasitra. .

3 This seems to be the oldest record of a comp051te §raction.

4-7 These respectively stand for {g %, 1 and §. As regards kala it
may be noted that later on, it has been used to denote ‘fraction’, the earliest
example for which is furnished by the 8'ulba works, See Datta a.nd Singh, I. c.,
p. 185.

8 See Dr. Datta’s The science of the S'ulba, pp. 212 ff.

9 See p. 24.

10 See p. 22. :

11 This as well as other European terms such as fractio, rocto, rotto, roupt
etc. which are "derived from' the Latin fractus (frangere) or ruptus meaning
“broken’ correspond to bkinna or vibkinna. See Datta and Singh, .. c., p. 188,

12 In the Apastamba-S'ulba-(x) we have pasicadas'abhaga (lit. 15 parts)
for . and: in-the - Katyayana S'ulba (v.8) the same. Moreover, in the

latter work (vi, 4), we have saptabhéga for }.
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ams'a, atms'aka, bhdpa’ and lava along with the cardinal number,
to denote unit fractions’ For instance, for 1, %, 4 and  he has
used the words iryamsa, sadawsaka, sadbhaga: and trilava
respectively.® He has also used an ordinal number* instead
of the cardinal one, e. g. saptamabhaga for +.°

Rules for all the 8 operations formerly noted in the case
of purnankas (purnaripas) or whole numbers are stated by
S'ripati'in'the case of dkinna-rapas (apurnankas) or fractions.
So far as addition and subtraction are concerned, the reduction

to a common denominator is the first step' to be attended to. .
As regards division®, fulis'apavariana’ is to be undergone.
This is what S'ripati says. .

- Instead of taking up as the” next topic, the treatment of
kalasavarna® or re,ductlon to a simple fraction, S'ripati deals with
the operations of zero.’ They may be represented as under:—

(I) a+o=a; (II) a-o=a; (Ill)axo=o0; (IV)a+o= o,
(V) o+o=0; (VI) (0)*=0; and (VII) (0)=o0.
Slmhatllaka interprets ca occurring in v. 45 given in this

"1 At times, this is dropped probably for the sake of metrical convenience.
In the case of fractions having one as a numerator, only the denominators
are given. = Lildvafi (p. 7) furnishes us with such an example (sastha- for ).

9 Fractions having one (unit) as the numerator are here denoted as
‘anit fractions’, and thus they are distinguished from composite fractions which -
have any other number than one as the numet:ntor.‘ :

3 See pp. 16, 25, 18 and 20 respectively.

4 Pancamabhaga (lit. fifth part) has been used as an equivalent of 1" in
the Apastamba S'wlba (ix, 7 and x, 2) and in the Katyayana. S'ulbe (v. 6)

5 See p. 30,

6 The operation of division of fractions is spoken of as hara by S'ripali
on p. 21, and it is explained as bhkdgahdravidhi by Simhatilaka on the
same page.

7 This also known as vajrapavartana (cross-wise cancellation) is recom-
mended by Mahaviracarya for multiplication.

8 This literally means “making the fractions of the same class (vama)”
4. e. “reduction, to a’ common denominator”. Later on, it came to imply .
“reduction to a simple fraction”: Cf. the English translation (p. 38, fn.) of -
Ganitasarasangraha.

9 The two operations of zero viz. addition and subtraction are found in
Paiicasiddhantika, and several others, in Brahmasphutasiddhanta. Later on,
S'ridhara in his Z'ris'ats (p. 4), Aryabhata II in his Mahasiddhinta (in the
chapter on Patiganite, p. 146), Narayana in his Genitakaumudi (I. 30), .
Mahaviracarya in his Ganitasarasangrahe (p. 6) and Bhaskara II in his
Lilgvati (p. 8) and in his Bijaganita have dealt with the operations of zero.

For further details see Datta and Singh, 1. c., p. 238ff.
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connection, as implying two operations viz, the square.root
of zero and the cube-root of zero. He states that the result
is zero in each case.
KAvLasavarNna
It seems that owing to the lack of proper symbols required
for indicating mathematical operations, the Indian Mathema-

ticians have divided £ald@savarna into various classes known as
jatis. For instance, Skandasena, S'ripati and Bhaskara. IT have:

given four jats, whereas Brahmagupta has given five, and- —
S'ridhara and Mah#virdcirya each, six.
The four jatss above refei’red to arg:

(1) Bhaga' i. e. the form ( +..)

~ (2) Prabhagai. e. the form ¢ . of ? of )

(3) Bhraganubandha or ams mzubana’lza . This is of two
types :—
(i) theform (& +l’)4;
and (ii) the form 7+ of of G+3+3)"%
(4) B/z’dgﬁpavﬁ/za or bizagapawfzana; This is' also of

two types:—
(i) the form (a—-) ;

.o - e as
r, and (ll) Z—(_i of Z—}'“Oi' (Z-ZZ of 5)-

1 This is translated as a ‘simple fraction’ by M. Rangaocdrys on p. 297
(Ganitasarasangraha). On this page we find bhdigabhdga, bhaganubandha
and bhigapaviha translated as. ‘a.complex fraction’, ‘frad¢tions in association’

and. ‘dissociated fractions’ respectively. H

2: For a negative sign, a-dot is usually placed to the right of the. number
and slightly over it. Of “aif =emia aFpfyg®—Bijaganita: (p. 2.). of.
Bhaskara.II. In a Bakhshala Ms. recently acquired by Dr. Datta; the simple
cross:( +) is used for the same purpose.. This is what he writes to me:.

3 This is the.term.used by S'ripati. See p. 34,

4 This form represents an association (anubandha) of an.integer (réipa):
and a.part i. e. to say a fraction (bhdga). So it is styled as rdpa-bhdganubendha
or bhaganubandhasahit@nka.. See p. 35.

5 This form represents an association of bhdga of bhdga. So it goes by’
the name of bhdga-bhdganubandha or bhidganubandhabhigs. See p. 35,

6 Practically there is no difference between this and bhigdnubandha
excopt that herein there is subtraction or decrease, instead of addition.or
inorease as is the case with bhdganubandha,




INTRODUCTION LIX

‘Over and above these four ja#is’, some enumerate two
more. They are:—

(1) Bhaga-bhaga i. e. the form (cz—:—é)2 or (5+3)-

(2) Bhaga-matr i. e. combinations of two or more of the
five jatis mentioned above.®
VALLISAVARNANA
As the next topic S'ripati introduces on p. 39, vallzsa-
warnana, and-on the same page gives us a rule whereby we
‘can reduce a chain of measures into a proper fraction.

MISCELLANEOUS PROBLEMS INVOLVING THE USE OF FRACTIONS

Just as Mahaviracarya has given ten varieties* of the mis-
cellaneous problems involving fractions viz., (1) bkaga, (2) s'esa,
(3) miila, (4) s'esamiila, (5) dviragras'esamiila, (6) ars'amizla,
«7) dkagabhyasa, (8) aims'avarga,(9) mulamis'ra and (10) blzmna-
drs'ya, so has Slripati given g varieties as under:—

(1) Drs'ya, (2) Sesa, (3) vis'lesa, (4) s'esamiila, (5) mula-
grabhaga, (6) ubkayagradrs'ya, (7) bhinnabhagadrs'ya, (8) bhaga-
mitla and (9) Ainavarga.

Ata cursory glance one can see that the 2nd and the
4th varieties are completely identical. Furthermore, on com-
sparison, it will be found that (i) the first variety in each case
is'the same, though differently styled’, (ii) same is the case with

1 Cf. Datta and Singh, I. c., p. 190ff,
2 Since there seems to be no special symbol to indicate division, this is
a

b |, and it is hence likely that this may be confounded with a +g
(4

#&ls0 written in the same way. )
3 Mahaviracarya has noted that there can be 26 (= 502+503+504+505)

" combinations. .

.- 4 All these ten varieties are explained by M. Rafgacarya in histranglation
(pp. 70-71) of Ganitasarasarngraha.

' b In order that this remark may be realized, I may reproduce the

pertinent portion from the Exnglish translation (p. 70) of Ganitasarasangraka.

" ‘It runs as under ;i—

' “The Bhdga variety consists of problems wherein is given the numerical
value of the portion remaining after removing certain specified fractional
parts of the total quantity to be found out. The fractional parts removed

-are each of them called a bkdge, and the numerical value of the known
remainder is termed drs'ya.” -

. From this it follows that Mahavirdcirys while-naming the first vn.nety
considers bhdga as an important factor, whereas S'ripati, drs'yu; - -- -+

-yritten as
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bhagamila and ams’amiila, and that (3) milagrablhaga seems to
be included in m#/a.' As this comparison can be easily carried
on, I need not dilate upon this topic. I shall therefore say a
few words about the next topic vzz. viparitoddesaka. Herein we
find that every operation is inverted that is to say we have to
begin from the end and make addition subtraction, subtraction
addition and so on. For this reason, this method of inversion
is called wvilomagati®. It has been noted by Aryabhata I in
his Aryabhatiya ( Ganitapada, 28), by Brahmagupta—in—hjs—
Brakmasphutasiddhanta ( p. 301), by Mahawracarya in his Gani-
tasarasangraha (v. 286, p. 102) and Aryabhata 11 in his Maka-
siddhanta (p. 149).

ProporTION®

Under proportion we find that S'ripati has dealt with (1)
trairas'tka* or ‘rule of three’ and (2) paficaras’ika’ or ‘rule of five'
(pp: 75 and 80). He has noted two wvarieties of #rairas'ika:
" (i) sama and (ii) vyasta®, and he has furnished us with examples
pertaining to sapfarastka’, navaras'ika® and ekadas’aras'ika®.
Furthermore, he has treated problems on bkandapratibhanda
(commodity for commodity ) known as ‘barter’ and those on
Jwavikraya under paficaras'ika, since these problemsare associated
with compound proportion. Thereafter he has taken up the

1 Cf. the following passage occurring on p. 70 of the English tra.nslatlon
* of Ganitasarasangraha:—

. ““The Mula . variety consists of problems whersin the numerical - value is
ngen of the portion remaining after subtracting from the fotal quantity certain
fractional parts thereof as also a multlple of the square-root of tha.t total

- quantity.” : 4

2 Cf. the word vdomalofmya occurring on p. 67.

'3 Aryabhata I styles it as anupata,

. 4 This literally means three rds'is (terms), The Prakrit word rdsi
"occuring in the 747th sitra of Sthana quoted on p. XI, may mean rules of
" three, five, seven, nine, etc. The word trairds’ika mentioned by S'ripati on
p..69 ocours in the Bakhgali Ms., in the Aryabhafiya and in several other works
“on Patiganita. See Datta and Singh, I. c., p. 204.

5 This may be translated as compound proportion.
6 This is known as the “inverse rule of three”; for, herein, the proportmn
is inverse,

7-9 All these three varieties may be styled as bahw‘aa tka, the word used
by q.umhatﬂaku on p. 75. :



INTRODUCTION - 1uxI

tapic known as mus'ravyavakara, and has dealt with various
problems .on interest. Before we refer to some features about
this tapic, we may note that S'ripati has used three terms, viz.,
pramana (argument ), abkipsa’ (requisition) and phala (fruit).
Usually we find the word ek used for abkipsa? Even Arya-
bhata II ‘who has used® mana and vinimaya for pramanea (the
first term ) and pkala (the second or middleterm), has used
the word zcha (the 3rd or the last term).

While dealing with the topic pertaining to interest S'ripati
has used the'terms wm#la (p. 83) and muladhana (p.%5) for
‘principal’ and %alantara (p. 75) for ‘interest’.

" As regards problems on interest, it may be mentioned
that eveniin the time of Panini% interest seems to ‘have been
charged on the money lent, and that different rates prevailed
amongst different classes of people is:borne out by Kautilya's
Avrthas'astra (R. Shamsastri’s edn. II1, ii,"p. 214)°% :

It will be interesting to trace the origin of different prob-
lems® given by Sipati, but T have to reserve that subject for
future. T may however note that the problem gwen on p. 41
tallies with ex. 25 of Zris'ati of which the origin may be
traced as ‘far back as the Arthas’astra. Furthermore, the
problém given on p. 70 {v. 89) is same as that given in 77iafi,
except that there is a variant vada for dhanam, and that the
first problem given on P 74 seems to have been adopted from
Zris' atz (ex. 38", p. 17)% -

1 This word occurs on p.68 in v.86, Herein we also find 1ts equl-
valent samiccha.
2 See Aryabhatiya, Brahmasphutasiddhanta (p. 178), Tris'ati (p. 156) and
Ganitasarasangraha (p. 58). Cf. Datta and Singh, {. c.,.p. 204,
3 See Mahasiddhanta (p. 149).
4 See Astadhyayt (V. L 22, 47 and 49).
b Cf. Dattaand Singh, 7. ¢., p. 218,
6 I have come across two articles in this connection:—
(i) ““On the origin of certain typical problems” by Smith, published in
““‘American Math. Monthly” vol. XXIV, No. 2, February 1917, p. 65.
(ii) “Typiocal problems of Hindu Mathematics” by Gurugovinda Chakra-
barti M. A, B, So, published in “The Annals of the Bhandarkar Onental
Research Instltute” vol, XIV, pts. 1-2 ( Oct.~Jan., 1931-33,) pp. 87-102,

7 For its translation into English see Datta and Singh, I. ¢., p. 207.
8 For other details see pertinent foot-notes of Appendix I.

9 afire
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I need not dilate upon the outlines of Ganitatilaka any-
more, since these will serve the required purpose. So I shall
now say a few words about the author and his other works.

S/RIPATI’S LIFE AND WORKS

Very little information about the life of S'ripati can be
had from Ganifatiiaka. From its verse given on p. 6, it may
be inferred that he is Makes'vara or S'aiva by religion; for,
herein he has referred to Mahes'vara. This inference is corro-
borated by the fact that in the 2nd verse of Siddhantasekhara’,
he calls himself “the best of the Dvijas (Brakmanas)”,in case’it
can be safely assumed that it is the work of Ganitatilakakara.

Gam’tatilaka is silent about his parentage and birth-place.
At least some information about his parentage can be, how-
ever, gathered from a verse occurring in ~Diruvamanasa
composed in S'aka g78.. There it is stated that heis son of
Nagadeva, son of Bhatta Kes'ava, and that he composed this
jyotihsastra in Rohinikhanda, perhaps his native-place. In the
beginning of [yautisaratnamalad® alias S'ripatiratnamala, S'ripati
has mentioned the names of Garga, Varaha and Lalla. From
the introductory .verse of Jatakapaddhati, we learn that
S'ripati composed this work at the request of his pupil or
pupils. | This leads us to infer that he had at least one pupil,
if not more. . » , o

This Sripati is an author of astronomical works. such as
Dhikot?’, a karapa-grantha, and Siddhantas’ekhara. Heis not only
a celebrated astronomer but also a famous astrologer as can
be_seen from his astrological works. jyautzsaratnamala and
Datvajiiavallabha. He seems. to have flourished not earlier

1 This seems to be based upon. Varahamihira’s Pasicasiddhantika. and
Brhatsamhita, Brahmagupta.s Brakmasphutanddhantas and Lalla’s S'igyadhs
vrddhzdw C ' .

" 9 This work has been published in A. D. 1934 with Enghsh translation
and short notes by Mr. Narendra Kumar Mazumdar u.a., in the “Calcutta
Oriental Journal” vol. I, PpP. 286-299, Several verses of this work occur 1n.
Siddhantas' ekhara. :

3 It deals with aolar and lunar eclipses and is elucida.ted in the .com-

mentary styled as ‘Udaharana., See “Descnptlve Catnlogue of Snmskrta and
Prakta Mss. (B. B R.A: S)" Vol T, 5. 8L e

9
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than Matijula’, the author of Laghumanasa®, a karana-grantha
(932 A.D.) The exact date of S’ripati is not yet known;
but it is certain that he is in no:way posterior to Bhaskars-
carya® and that he wrote his = Siddkantasekhara in about
1040 A. D. Herein he has criticized . the unique doctrines
of the Jainas regarding their conception about. two.suns,
two moons, a double set of stars and planets and the pyram1dal
shape of Meru.*

WORKS~ :
(1) Dhikotida-karana (S'aka g61).

(2) Jyautisarainamala alias S ripatiratnamala’.
(3) Siddhantas'ekhara.

(4) Daivajhavallabha,

(3) $Jatakapaddhati

1 He has been referred to and even followed especially in his method
of finding the precessional rate, by the great astronomer and. mathematician®
Bhaskara. :

2. Th1ba.ut observes in his mtroduotmn (p. VIII) to Paﬁcaazddhantzka
that this'is = compendious astronomical treatise which does not set forth the
theory of the subject at & comparative longth as the siddhantas do, but only
supplies & -set of concise and often only approximately correct rules which
suffice for ‘the speedy pérformanés of all the more important astronomical
caloulations. .

. 8 About him Spottiswoode has observed that he is the most celebrated
Indian astronomer His birth-date is 1114 A.D. At the age of 36, ha
cbmposed Siddhantas’ iromani divided into two ‘parts viz, G—Jadhyaya and
Grahaganztadl»yaya and having Pafiganita and Bijaganita as its sppendices,’
Ho composed at the age of 69, Karanakutihala, a karana~grantha. - " Bijo-
panaya which is a short treatise on the corrections of the moon’s place and
whlch is quoted in Vasanabhdgya is also atiribufed to him by Some but this
1§ doubted by Mr, Sukumara Ranjan Das, who is at best prepared to consider
it as an appendix to Siddhanias'iromans.

4 See Maxmiiller’s—“History of Anctont Sanskrit Literature” and “Indian
Historical Quarterly” vol. VII, p. 140;

5 Madhava (S'aka 1185) has mentxoned S’r dhara in hxs commentary on’
S'ripati’s Ratnamdla. =

6 Jatakokarmapaddhati of S'ripati has been commented upon in Samvat
1673 by Sumatibarsa Gani, pupil of Harsaratna, pupil of Udayaraja Gani.

-7 S'ripati is quoted by Rama (17th century) -in-his Kawlukacintigmani,
See “Descriptive Catalogue of Samskrta and Prakrta MSS”,.( B. B. R. A, 3.)
vol. I. He is also quoted by Kes'ava in his Jatakapaddhati. Thid., p. 117, -
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(6) Ganitatilaka'.
(7) Bijaganita.
(8) Dhruvamanasa® (composed in S'@ka 978 )%

SIMHATILAKA SURI

Sirhhatilaka Siri, the commentator of S'ripati’s Ganstatilakd
has mentioned in the introductory stanza of his commentary
that he is a pupil of Vibudhacandra Gapabhrt. In this work of
his, he has given no other hint about his spiritual descent. All
the-samre; fromrthe—colophon of Mantrarakasya whichseemsto——
be composed by him we learn that his gur# Vibudhacandra
Stiri is a pupil of Yas’odeva Sri,

At the outset of his commentary on Ganitatilaka, he
has mentioned Kundalini Devi and another Devata probably
named as Sahlada.

There is a work styled as Vardhamanakalpa whose author
is named as Simhatilaka Stiri. There is another work viz.
Bhuvanadipikavriti of which the author bears the same name.
But it remains to Be gscertained whether these: Suns are
1dent1ca1 with Gandtatilakayrtiikara.

WORKS ETC. REFERRED TO IN Gamz‘dtzlakazfrttz

Lilayati—

Sirhhatilaka Siri has referred to Zi/zvafz on pp. 9, 42'and g2.
From this it is quite.clear that he neither alludes to-a work of
the same name composed by Nemicandra® (gg9o A. D!) nor to
a work viz, S’ridharicirya’s commentary on Nyayakandali, but
that he definitely refers to the Fafiganita, a-part of Sidhhanta-

1 The existence of this work is now no more & :xxa.ttar of mere inference
to be drawn from its being quoted by Munis'vara alias: Vis'varipa.in. his work:
styled. as Lilavativivrti. The reverse seems to be, however, the case.with
Bijaganita referred to in Lildvativivrii. For, the source of its Ms, if any,
\renmins unknowa, See Dixit, p, 315, ’

9 Mafijula’s Laghumanasa or Brhanmdnasa seems to have been utﬂlzad
in composing this work,

3 There are two other works viz. S'ripatinibandha and. S'ripatisamuccaya ;
but, whether their author can be identified with our 8'rIpati or not remains
to be aseertained,

- 4 See Guerinet’s Beeas de Bibliogaphie Jaina (p. 403);
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sroman® of Bhiskaricirya who completed this work at the
age of 36° (1. e. in A. Di 1150 ). This Bhaskaracarya has com-
posed also a commentary called Vasanabkasya on Grahaganita-
dhyaya and Goladhyaya, the two sections of Siddhantas'sromani.
Besides these, he is an author of Karanakutuhala®.

That many mathematicians have exerted themselves in
commenting upon Li/zvati* will be clear from the following list
of commentaries mentioned by Dixit on p. 252:— '

(1) Gandtamrtasigara by Gangidhara composed in
about 1420 A. D.

(2) Vrit by Mosadeva composed not later than
1473 A. D5

(3) Udakarana® by Vires'vara.

(4) Amrtakiupikaby Suryabhatta composed in 1541 A.D,

(5) Lilavatibhisana by Dhanes'vara.'

(6) Ganitamrialakari by Rimakrspa composed in
1688 A. D.

(7) Lilavativivrts by Muniévara alias Visvaripa,

Tris'ati AND ITS AUTHOR S'RIDHARA-

. This work well-known as Z77¥is'atika and . referred: to: by
Sirhhatilaka Suri as 7#4s'azin his commentary ( pp. 4,9 and: 39)
on Gapitatilaka, is a Patiganita composed by S'ridhara in

1 This is published by M. Jha in Pandif, new series, vols.. 30-33. For the
study-of this work, Cangadeva; a descendent of Bhidskaracarya, founded a school
in Aw D. 1206. Cf. Epigraphice Indica vol. I, p, 338 fi.

2 Compare what he has said in Goladhydcya:—

ISR LR LSRR IR
TgnuREayr 7q7 fagreaRgraon < I ae w”?

& This work also known as @rakdgamaekutuhale and _Brahmatulya is an
astronomioal treatise in ten chapters, It was composed in A. D. 1183, Cf. Duff’s
Chroniology (p. 139 ), Thibaut’s Astronomeie, Astrologie und Mathematik p. 60,
Dixit pp: 246-254, Winternitz; Geschichte 11, p. 564,-Bhandarkar Report for
1882-83, pp, 26-27, L. O. No. 2925, Bodlin Catalogte No, 1530 etc.

4 This was translated into Persian in A, D, 1587 as ordered by the Mogal
Emperor Akbar.

5 There is a Ms. at B. B. R. A. 8, dated 1473. See its “Descriptive
Catalogue of Samskrta and Prakrta MSS.” vol. I, p. 91,

6 Herein are quoted Ganitakawmudi (1357 A. D.) and Laksmidasa-
mie'ra (1501 A. D.).

7 He has quoted Amrtakupikd (Ganitamriakipikd).
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Sanskrit! According to Dvivedi®, it contains 300 verses in
the Arya metre and hence it has this significant title.
This 77isati deals with ankaganita and ksetraganita as well.
Herein we come across several terms such as stambhoddes'a,
pmtyutpanna etc. not to be found in Lilavati. The hemistich
begmmng with &% 9ad@: of Stidhara* which is quoted
in Gamtasamsangm/za (1, 52,p-6) cannot and does not form
a pait of 7¥is'atZ as can be easily seen from the difference in
—metre—So-it-may be that this hemistich belongsto some other
‘bigger work of which 777s'ati is an epitome. Or it may be that
this belongs to the Biaganita of Sridhara who is referred to
by Bhaskaracirya as byjaganitakara.. There is a work named
Jatakapaddhaty®, the author of which is also named as S’ridhara
and which is commented upon by Kes'ava in S'aka 1418.
Nyayakandali composed in Saka §13 is a work of some S'ridhara
born of Abboka, wife of Baladeva. Sudhakara Dvivedi opines
that he is the same as the author of 7¥is'a#ka. Competent
scholars may ascertain if these S'ridharas can be identified as
Iridatikara. - Co I
Our author S'ripati seems to have closely followed 77is'at,
and it appears that he has borrowed many things. from i,
Three examples® of S'ridhara have been expressed by S'ripati in.
different words, and in some cases details have been. somewhat
modified.?

1 This work has been edited by Sudhakara Dvivedi in A. D. 1899, Benares,
and has been printed atthe Nirnaya Sagar Press, Bombay. Its rules have
been translated into English by N. Ramanujachariar with historical notgs in
Bibliotheca Mathematica vol. 13, No. 3, p. 203 ff,, (1912- 13) ‘Sea Dutta and
Singh, . ¢., p. 250,

. 2 Hemakes up 300 by counting the solutions as 120 verses, Otherwise hls
edition contains 180 verses,

3 We come across this term in works of Brahmagupta and in G’amta—
aaraaanyraha. For the Prakrit equivalent see p. XXIV, foot-notes 5, 7 and 8.

4 See “*Descriptive Catalogue of Samskrta and Prakrta MSS.” (B, B. R. A,
8.) vol. I, p. 78 and Colebrook’s miscellancous essays (vol. IL pp. 22 469
and 500), °

5 Cf, p. X, foot-note 1,

6 See p. LXL

7 I am told that there is a MS. of Tis'ats belonging to Sheth Kasturbhai’
Lalbhai wherein are noted letter-numerals up to 10,000, Even if this is true,
I cannot say definitely whether this is the same work as the one described ;
nnless I got a chance of handling the MS, : :
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Sirhhaklaka has refered to some work on p. 85 L 6 but I
am not at present in a position to ascertain it..

" Now I shall say a few words about the critical apparatus
used in ‘the preparation of this edition of Ganitatilaka along
‘'with the commentary. It is based upon a single palmyra Ms.?
written in bold and legible Jaina Devanigari characters with
prsthamatras. It consists of 172+'1-2%171 leaves. Of course
the last two leaves which are blank* are not counted here ;
otherwise the total number of leaves comes to 173 The size
of these leaves varles from 13" by 1. 4" to 14.9" by 1 5

Every leaf is numbered twice, once in the margm to the
right, in ordinary figures ¢, R etc., except that g is in the Jama
stylé W and once,in the margin to the left, in letter-numerals®

suchassﬂ‘} 3} <, €, %, @, 7@, ¥, &, 9, E'S'iﬁcsiforz:;etc.

£
Excepting the leaves 1* and 172+ which are blank, .'the-
rest are written in black ink on both sides with 4 lines, each
containing 52 to 57 letters. Leaves 60" and 61° are practically
illegible, owing to their being smutty. o '
This Ms. presents an appearance of the work having
been divided in two columns but it is not so;- for, a line of the
Ist column extends to the second. Each of these.columns is
bounded by three lines in black ink. A string ruans through
the space between the two columus.-
This Ms. is placed between two wooden boards sufﬁcxently
strong, durable and 15.4" by 1.8" in size.

1 T am led to believe that there is no other Ms. of this work available else-
where, for, T have received up till now no reply in connection with inquiry
made by me in my article “ A note on 8'ripati and his Ganitatilaka” -published:
in “The Indian Historical Quarterly”.(Vol. VIII, No. 2, p. 351).

" 2 The Jeaf 103rd appears to be repeated, but really speaking the 104th leaf
is wrongly numbered as 103rd, the Tollowing hence numbered as 104, 105 ete, -

3 Leaves 37th and 64th are lacking.

4 In spite of this I think, the present work is incomplete.

5 For full details of the method of expressing numbers. by letters, the
reader is referred to Dr. F. Kielhorn’s Report on Sanskrit Mss. published at
Bombay in A. D. 1881 and also to Pandit Bhagvanlal Indraji's article published’
in Indian Antiquary vol VI, p. 42." He may also refer to my Appendices
IIT-IV -published” in the Descriptive Catalogue of Jaina Manuscnpts (Govt.
collections vol, XVII, pt, II), -- - -
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Leaving aside the fact that for saptavirms’'ati we have thro-
ughout saptavimsats* and some slight mistakes here and there,
this Ms. is fairly correct. At times we come across a few cor-
rections made by a scribe; so, on the whole this Ms. is reliable
-and that is why with the help of this single Ms., I undertook to
edit this work. This Ms. contains both the text and the com-
mentaty, the former written in verses® and the latter in prose,
both of which are in Sanskrit. This Ms. begins with © & &y

___draumm® and ends with 0 3 1, and that the nydsas-are—given
at times in vertical lines and at times in horizontal ones. It is
in a good state of preservation, though a portion of the first and
the 1last leaves are in a fragmentary condition.

The age of the Ms. is not mentioned, but looking to the
fact that palm-leaf Mss. were not mcstly in vogue after the
15th century and that th® commentator belongs to the 14th
century, the age of this Ms. may be looked upon as the 15th
century as the earliest limit and the 16th century as the latest.

PraN—

As the entire work is not dividedin the Ms. into chapters
or any other sections which could have facilitated the reader
in comprehending its contents, I have given a table of contents
in Sanskrit. Whatever appeared to me to be superfluous has
been placed within rectangular brackets [ 1, while what
was to be suggested as, an alternative or as.a supplement has
been indicated in parenthesm ( ).

The portion commencing with 7@ gzar given in the Ms.
on leaf 122° and printed here on p. 62 ought to have preceded
the &l etc. written on fol. 120% and it isthence so printed
Qn ;pl 62'

I have given three Appendices in the end: (i) Examples
and Answers, (ii) Tables of Measurements and -(iii) Sanskrit
words and their numerical significations. -Out.of these so far
as Appendix II is concerned, I may state that not only the

1 This word has been retained in v. 13, p, 3; in other cases it has been
replaced by saptavins'asi.

2 These are not numbered in the Ms.

3 From this salutation it may be inferred that the scribe is a Jainn or: thot
he has transcribed this on the basis of a Jaina Ms,
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tables recorded in Ganitatilaka are given but some more from
several other works.

In the end, I may mention that it affords me great pleasure
to record my indebtedness to my friend Dr. Bibhutibhusan Datta
for the matetial help I could derive from some of his excellent
contributions in the mathematical field, and for the valuable
suggestions he made while going through the proofs of this
introduction. T have also to offer my best thanks to Sheth
Mohanlal Hemacand Jhaveri for his having lent to me the
palm-leaf Ms,! above referred to. Furthermore I am highly
obliged by Dr. B. Bhatticirrya M. A, Ph. D,, who most
willingly included this work in the Gaekwad’'s Oriental Series,
and thus gave me a splendid opportunity of editing a work on
Mathematics, a favourite subject of mine.

Bombay. Hirararn R. Karabpia.

Bhagat Wadi, Bhuleshwar, }
bth May 19352

1 It is not now with me; for, it has been ere long returned to him,

2 Since then, some additions have been made while going through the
proof-sheets. 2
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"APPENDIX 1

: EXAMPLES AND ANSWERS
Eas. 1-2, p. 3. Oh learned man! if you know (addition), say quickly
what 7, 8, 9, 16, 93, 60, 76 and 5o when added (together would come
to), and what number is arrived at when 27 and 21 are united thh
32, 15 and 5 as well.
Ans. 319; and 100.

Exs. 3-4, p. 4. If you know subtraction, say soon the remainders ob-
tained .by subtracting from 1000, the above-mentioned numbers
(i. €, 31'9 and 100 separately).
DR Ans. 681 ; andgoo
E.vs 5-8, p.- 6. Oh ganaka (calculator)! if you know mult\plxcatxon, say
"quickly what 2¥586 will be when multiplied by 96, 93685 by 32
“and 98510 by 273, and the number got when 12987013 is multiplied
by 77 so that it may represent the number of clear, resplendent and
- circular pearls forming an ornanient for the néck of S"va
Ams. 2072256 ; 2997920 ; 26893230 ; and 1000000001,

Ews. 9-12,p. 7. If the laksana (subject of division) is learnt by you, say
quickly what the numbers obtained (before) by multiplication will
. become when divided by their own multipliers.- ,

Ans, 21586, 93685 ; 98510; and 12987013

Egs. 13-25, p. 9. Tell (me ) the squares of 1 to 9, 12, 72, 93 4and 163.
Amas. 15 45 9; 165 25; 365 49; 64; 81; 144; 5184; 8649; and 26569,

Exs. 26-39, p. 10. If you know the square-roots of the squares? formeily
 obtained tell them along with that of 11819844.
Ams. 1; 25 3; 4553 6; 75 85 95 12; 725 93 163; and 3438.
Exzs. 46—'51‘p 13. Oh friend ! after reflecting tell (me) the cubes of Ito
8 18,73 and 317.
Ams. 15 §; 27; 64; 125; 2165 3435 5125 729; 5832;.
389017; and 31855013.

Exs 52— 63, p.15. Oh proﬁment (individual y! if your study in operafxons
‘ is proper, tell the cube-roots of the cubes formerly got®,

Ans: 1525354565785 95 18; 73; and 317,

Fz. 64,‘ p. 16. Quickly add (together) three and a half, six, nine less by
~one-fourth (9-}), and seven plus one-third (7+%). '

Ans. 250,

1 Cf.-Ganitasarasangraha p. 13 (v. 32)
‘2 Lbid., p. 14 (v. 37).
3 Ibid, p. 15 (v. 48).
4 Iid., p. 16 (. 53).
13 afide
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Ews. 65-66, p. 18. Oh learned man'! tell (me) the remainder (i) after having
subtracted one-sixth, one half and one-third from one dramma, and
(ii) after removing one and a half, one minus one-fourth (1-1}), and
one plus one-eighth ( 14 }) from six plus one-third (6 +1) drammas.
Amns. 0 ; and 233 drammas.

Ezs. 67-68, p. 20. Oh one with good intellect ! tell me the product of three
and a half (3%) by nine plus one-third (9+4%). If you know
ganita, (say) what one-fourth will really be when multiplied by

~ ahalf,
— ——dAms 3235 and .

Exs. 69-72,p. 21. Oh ganaka! If division is known (to you) methodi-
~ cally, tell quickly what becomes when ten plus one-fourth (10+44) is
divided by six plus one-third (641 ), eighty and a half by five less
by one-third (5- ), a half by one-sixth, and one-fourth by three.
Ans. 14%; 174 3; and 4.

Exs. 73-76, p. 23. Oh learned man! if you know pali (arithmetic); tell
(me) quickly the squares of five less by ene fourth (5-1), eight and a
half, one-third and one half.

Ams. 2285 724; 4; and $.

Euzs. 77-80, p. 24. Oh intelligent (one)! if fractional operations are
known to you, tell (me) quickly the square-roots of the Squares pre-
viously obtained.!

Ams. 43; 8%; 4 and é.

Exs. 81-84, p. 25. Oh learned (one )! if you know pafs, tell (me) the
cubes of (i) nine plus one-fourth (9+1), (ii) six lessened by one-third
(6-%), (iii) one-sixth, and (iv) one-third.

Ans. 79133 18138; 5l5; and .
La:s 85-88, p. 27. Oh friend! if you have great mtelhgence in the ex-
traction -of cube-root, tell me the cube-roots of the previous cubes.?

Ams. 9}; 5%; ¢ and 3.

Exe. 89-94, p 30. If you have (acquired) proficiency in kaldsaverna,
express 4, 4, 1, 4, 3 and % as having the same denominator.

Ans. 538 ; 1485 198 ; 10 Ak and £

Ez. 95, p- 34. Oh friend ! if you have exerted yourself in ganila, tell
me the sum of ten plus one fourth (10+1), one and a half and two
“plus one-third (2+43%).
Ana, 1435

1 Ci. Ganitasdrasangraha p, 27 (v. 17),
2 Ibid., p, 28 (v. 21).
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Ea, 96, p. 35. Teld me (the result) after reducing one and one-fowrth plus
its. half together with one-third of its sum and one-sixth of that (last
sum) when united with ene-third, its ene-sixth and one-fowrth of its
(sum).

This means: Simplify
1344 of 13+ of (1143 of 1)
+3of { t2+% of 13+3 of (13+40f 13) }
+3+tof 1+t of 3+%of )
Ams. 3%.

Ezs. 97-98, p. 37. Oh friend ! if you know blidg@pavakana tell me (the result
after reduction) when the numbers previously spoken (in exs. 95 and
96) are diminished by their (fractional) parts, <. e. to say simplify:—

@ (ro-H+(-H+(2-1); -
and @) (1-})-2 of (1-1)
~bof (1-1)-3(1-1)}
 =bof [(1-4)-}of (1-3)-}of {(1-3)~}of (1-D)}]
. Ams, 11335 and & (FH+5)-

Ez. 99, p. 39. Oh friend! if you know (vallisavarna) tell (me) soon the
sum of 2 drammas, 5 punas and one kakint less by one kapardikd
together with ene-fourth of itself ¢. & § kapardika.

- Ams, 20 drommas: 4. 6. to: sy 2 drammas, 5. panas
and 18% kapardilkas,

Ez. 100, p. 41. After reflecting, tell (me) the measure of that post of
" which one half is immersed in water, one-twelfth in mud, one-sixth
in sand and of which one and a half kastas are seen."
Ans, 6 hastas.

Ez. 101, p. 42. Out of (the total number) of elephants, one half togethes
©  with its one-third fled to a summit of a mountain, one-sixth ac- .
companied with its one-seventh drinks water at the river, one-eighth
and its one-ninth play in a lotus-plant, and a lord of the elephants
followed by 3. female elephants plays in the multitude of lotuses;
(so0) what must be the strength of the herd (of elephants ) ?
Ans, 1008,

Ez. 102, p. 44. One half of the herd of intoxicated lordly elephants
has commenced to play somewherer—One-third—of the remainder
has run away in caves making noise on account of the fear of a lion.
One-fourth of the (remaining) remainder removes the scratching
( sensation) of cheeks. One-fifth of the remainder has entered (a
river) to drink water, and sixty elephants are seen. Ol friend ! teii

(me their total number).
Amns. 300,

1 Cf, Ganitasarasangraha p. 47 (v. 5).
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103, p. 45. One half (of swans), two-thirds of the remaining, three.
fourths of the (then) remaining and four-fifths of the (then)
remaining went away after flying .somewhere, and. another triad of
swans is seen keeping a company. Oh intellegent (individual )!. tell
(me) as to how many swans were in that group. :

: Ans. 360,

104, p. 46. One-fifth of the swarm of unsteady and large black bees
went to a mango—tree, one-eighth to a lotus, their dxﬁ‘erence (vivara)
1. 8., =74 ) multiplied by two, plus its half (i e ;%) remained
on a lmmda (flower ), six times half of the dlfference between’
those bees which stayed onthe kunda (flower) and those on the

" mango-tree, together with its one-third® multiplied by three® and

. the number ofthe swarm of bees.t

Lz,

lessened by its one-third (4. e. by §x %) resorted toa jaiz creeper,
and a decuple of beesis seen seated on a blossom of a tuka tree,
Oh clever (individual)! if you know (ms’lesayatz ) teH me quickly

Ans. 40,
103, p- 49. If the (number equal to the) square-root of the collection

of leaves of blue-petalled lotuses used as an ornament for ears by
a woman having beautiful eye-brows, fell ona bed eon it being

. struck during the sport with (her) lover, and if two-thirds of the

remaining as well as the square-root of the (then) remaining fell
on the ground and if a pair of leaves were seen, say how many

" leaves that blue lotplsqhad N

Bz,

Ans. 16,

106, p. 50. Three times the square-root of the group of parrots
went to' fields of rice, after having flown, One-tenth of the
remaining resorted to mango trees full of fruits. Three times the
square-root of what then remained fell (a victip) to the snare 6f a

- hunter and thus became subject to adversity, Oh learned (man)!

if you know (&'esamailajati), thenlet the number of that group of
parrots be now told.
: ' .Ans. 25, o

107, p. 51. O/ne-thir,dv of thie herd of deer along with its one-third

fled owing to fear from a tiger.. The square-root of the total
number longing for singing, bereft of mouthfuls and having the eyes

1 This difference is eqim.l to 5-%ie J
2 This comes to 2 I}

3 This comes to 2.

¢ Cf. G’amwsqmsangraha p. 49 (v. 23 =27 ).
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closed, stayed. Two female deer having unsteady eyes and separated.
from the herd were seen wandering in a forest. Ifyou know the
. process of ganita, tell (me) soon the strength of the herd.

. Ans. 9.

Ez, 108, p. 52 " Five-fifths of the herd of monkeys together with the
square-root (of their total number) have their minds attached to the
swinging of branches of a panases tree, Ten monkeys desiring the
~ fruit are seen (engaged in) duel. Oh ganaka! tell (me) quickly
_ the strength of the herd. . : '

o Ans, 36.

Ez. 109, p. 53. Oh good caleulator (suganaka)! one-eighth of the herd of
- - hogs is sporting in mud in a small pool. Oh friend! one and a half
times the square-root (of the total number) really dig musta (grass).

A female hog With seven young ones is seen as separated from her
herd and seeking it all around. If you ‘really know paf7, tell (me)

quickly as to how many hogs constitute that herd.
. ' Amns, 16.

Ez. 110, p. 55. One elephant remained at -the post. ‘One-sixth of the
remainder remained (engaged) in sport in a lake. One-fifth of
what remained (then) grazes sprouts of sallak? on -the slope

« - of a mountain. One-fourth of the (then) remainder along with the
square-root of the total number is seen terrified by the roaring of a
lion.” Another elephant follows six elephants. Tell (me) the

-strength as to how many elephants (these) were. : Co
s N ' o : Awns, 25.

Ex. 111, p. 56, A pairof bees made tawny by pollen, is seen on a white

” " Iotus. One half of the remainder along with one-seventh of it (<. e. of
the swarm ) went to a temple of a lordly elephant. A square-root of
that swarm went hdmming to navamallika, and a couple of bees is
seen, DBrother! tell’(me) the (strength of the) swarm of bees.

Amns. 16,

Ex. 112, p 57. A certam wealthy man gave to a Dmga one-fourth ( of
" ‘a dramma), then -one-third of the remainder, (again) one-fourth
of what then remained, (again) the square-root of the sum-total
and (then) one-half and (thus) became. pﬁnn;Lless._So.hmv much
wealth had he ?
Amns. 6% (drammas).

Eg. 113, p. 58. The tenth part ofa pillar multiplied by its seventh part
(ishidden). Half of that (pillar) is seen to-day. Tell (me) quickly,
oh friend ! the correct measure of the post.!

Ans. 35 (hastas ).

1 Cf. Ganitasarasangraha p. 56 (v. 69).
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I14, p- 59. A portion equal towhat is obtained by multipling five~
twenty-fifths of a bamboo: with three-fiftieths is seen by me. Having
reflected.upon 32, oh drya! tell me quickly the measure of the

bamboo’,
Ans. 4o (hostos).

Ir5, p. 60. (The number equal to) 18 times the square-root of one-
eighth of the herd of elephants resembling a cloud (surcharged)
with water and having their temples moist on account of the flow
of rut trickling (therefrom), wanders on the top of a mountain.
Other 18 (elephants) are seem a3 fear-stricken on hearing the
roaring of a young one of a lion. Oh ganitavid! if you have
taken -pains in this connection, count as to what the number
of elephants is.

Ans, 72,

116, p. 61. Nine times the square-root of two-thirds of the herd of
swans yent to. the sky. Six times the square-root of three-fifths
of the remainder perished. And oh friend! three times eight swans

are seen. (Tell me) how many they were (in) all.
Ans, 150,

. 117, p. 63. The square of the three-fifth part of peacocks lessened by

six is playing inside a mountain. But six are seen as having gone

- inside a forest. Tell (me) quickly the strength of their herd.

Ans. 15,

118,p. 64. Thrice the eighth part of the herd (of viskas) is halved and
then diminished by 16 wviskss. (The number equal to that re-
mainder) multiplied by itself is playing in the interior of a moun-
tain, -and four times (that sixteen) are wandermo in a forest.

" (Tell me the total number of the msLas)

A‘ns. 128,

119, p. 66, Oh friend! if you know pats, tell me, what that number
is, which when multiplied by 5, then increased by 9, then reduced
to squaresroot, then decreased by 2, then squared, and then

"~ lessened by 1, and then divided by 8, oh ganaka! certainly

Ex.

comes to 3. .

Ans. 8.
120,p. 67. Oh young woman with unsteady eyes! if you indeed know
the correct wilomakriya@ (operation of inversion) tell (me) that
number which when multiplied by 3, increased by three-fourths
of it, divided by 7, lessened by one-third of it, multiplied by itself,
lessened by 52, reduced to square-root, increased by 8 and divided

by 10 comes to 2.
' Ans. 28.

1 This means solving the equation: %x%’%+§3§=x.
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Zx. 121, p.68. If one and a half palas of musk can be obtained. for twelwve
and one-fourth drammas, then for what can we obtain seven and
one-third palas?*

Ans. 59 drammas, 14 panas and 17§ kapardilds.

Ez. 122, p. 69. Oh learned individual! if you know frairastka, let it be
said as to how many palas of camphor can be had for 100 drammas
when 1} palas of camphor can be had for 16} drammas—the
camphor which vies with the beauty of the split of the tusks of 2

~ lordly elephant and to which a swarm of bees is called (attracted)
by (its) odour. '
: Amns. 9 palas, 1 dhataka, and 1135 vallas.
Ex. 123, p. 70. When the amount in futurity on 100 is 6, tell, oh
friend! what is the amount in a total of 1000? [ This comes to
- saying: Oh fyend! tell (me) what 1ooo will yield when- 106
N yleld 67 ]
Ans. 5633

Ex. 124, p. 70. Oh ganaka! if 13 dhatakas of kuikumae are obtained
. for 5% panas, how much will 13 palas cost?
Ans. 4 drammas, 10 panas, 2 kakints and 13% kapardakas.

2. 125, p. 71. Oh friend ! if 2} manikds are obtained for 8§ minus (8 = 3)
© panas, say for what 100} manikds can be had.
Amns. 19 drammas, 12 panas, and 4 kapardalca.s

Ex. 126, p. 71.  Oh learned man! if 2§ manis of corn can be had for 6%
draminas, tell me quickly what can be had for 8o} drammas,
in case your intellect in sankhyd-s'asira (the scxence of numbers)
is developed,

Aans, 28 manikas and 233 harikas.

Egz. 127, p. 72. Oh one with good intelligence ! if a certain lord ot ele-
phants having a series of bees roaming about his cheeks starts to go,
on remembering the sport with a female elephant of Vindhya and
goes one-third of one half (i. e. §) yojane in 1% days (lit. two les; by
half), then within how many days can he go 70 yojanas ?

Amns, 1 year and 9 months.

Ea. 128, p. 73. 1f a serpent having a body three and a half hands (id
—-—length.)_goes in a hole one and a half arigulas in one-third of a ghat?, _
“ oh ganaka 1 say quickly in what time it will enter it.
Ans. 18 ghatikds and 40 palas.

Ex 129, p. 73. 1f one gadyanaka of gold along with one dharana of it
is really obtained for 144 drammas, oh friend! how much gold can
be had for ninety minus one-third (9o-1) drammas?

Ans. g gadyanakas, 4 nispavas and 234 yavas.

1 Cf. Ganitasarasangraha p. §9 (v. 9).
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Ez. 130, p. 74. What is the number of necklaces each containing 6
setik@s that can be formed out of 16 necklaces each contalmng 8
settkds? Oh fnend' tell (me that) definitely.

Amns. 214,

Ex. 131, p. 74. How much gold of 11 varnikas can be obtained by giving
ninety gadyanakas of gold of 16 varnikas?'
Ans. 13018 gadydnakas.

Egs. 132-135, p. 75. What is the interest of 76 in a year at the rate of
5 per cent per month ? Oh learned man! if you know the operation
of paficarasiki-(the ruteof five), tell me time, rate and principal
from two of them. : : :

Ams. 45%; 12 months ; 57/ ; and 100

Ez. 136, p. 76. 1f 21 is the interest of 100} in % month,say what the
interest of twenty minus one-fourth (20-1) in 8l= months will be ?
Ans: 1245
Es, 137, p. 77. Oh learned man! if 3 workers get 20 panas by working )
for two days, tell me what 8 men will get (by working) for five days.
Ans. 1333 panas.

Ezx. 138, p. 78. If 8 manikds of s'als (rice) are carried to oné yojuna for
6 panas as wages, -oh learned man! tell me the wages for (taking)
63 manikas to 18 kros'as (llterally six multiplied by three).?
Ans; 212% panas.:

Ea; 139, P. 78. If a kambala having two for its breadth and eight for its
length costs ten, let (me) be told what two others having three
(for breadth ) and nine for length will cost ?

Ans. 334

Ex. 140, p. 79. If a s'ld@ (stone) having 9, 5 and 1 hastikd (respectively)
" for its length, breadth and thickness costs 8, say for what will be got
2 stones each of which has for its length, breadth and thickness 10,
7 and 2 hastikds. _ - o K
L ' Ans. 49%

Ea, 141, p. 79_. If 30 pottas, (each of which is) 12 angulas in thickness,
16 (lit. 42) anigulas in width and 14 hastes in length cost 100, oh
friend ! tell me what 14 patlas having thelr brea.dth length and
thickness each lessened by 4 cost?
Ans 16§ (dr ammas)

~

E’w 142, - 80. If 8 chmmas are to be paid as. wqges to cart- drlvers for
bringing back the patfas which have their. measures ‘as- stated

1 Cf. Qanitasarasarigraha p. 60 (v. 18).
2 1bid,, p. 63 (v. 36).
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before, when they have gone to one gavydti, tell (me) what wages
will have to be paid in the case of other paffas. which are as stated
later and whose measures are less by four than those (of the former),

when they have gone to six gavyitis. A
Ame. 8 drammas.

Ezx. 143, p. 80. If 16 mangoes are indeed obtainable for ‘one pana; and a
hundred pomegranates for 3 panas, oh ganaka! tell me how many
pomegranate-fruits can be had by exchanging them with 12 mangoes.

A, 25

Ex. 144, p. 81, If two palas of aguru can be obtained for six, and one
pala of musk for nine, let it be said as to how much musk can be had
by (exchanging it) with seven palas of agurw.

b Ans. 2% palas.

13

Ex. 145, p. 81. If a woman 16 years old get seventy, let it -be’said” what
another woman 20 years in age and having the same beauty and
colour will get, in case you have exerted yourself in ganita

- Ams. 56.

. Ex. 146, p. 82. Oh friend! if three camels ten years old are obtained.far
108, tell (me) soon what eight camels nine years old a,nd;hziving the

same beauty and speed cost.’ ,
Amns. 320.

Ezxs. 147-148, p. 83. Oh friend ! at the rate of 5 per cent per month the
" sum of interest and principal (i. e. amount) is found (in a year) to be
96 (lit. hundred less by four ). What is the principal and what is the

interest ?3
Ams. 60; and 36.

Ezs. 149-153, p. 83. “The fruit of 100 in a month was, oh learned man! 35
(as interest), 1 for futurity (bhavyaka), % dramma for profession (vrtts)
and likewise % for the scribe (lckhaka). In 12 months the mixed
amount was gos. Tell, oh friend! if you have proficiency in
mas'rakavyavhrti-(the treatment of mixed quantities ), what were the
principal ete.?”
Ans. maladlanae 5005 kaldntara 300; bhdvyaka 60;
vrits 30; and lekhaka 15.

Ez. 154, p. 85. If hundred drammas become 5 (in interest) per month,
tell (me) what the interest will be in 12 months ?
Ans. 6o.

1 Cf. Ganitasarasangrahs p. 63 (v, 40).
2 Ibid., p. 63 (v. 39).
3 Ibid., p. 63 (v. 41).

14 o
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Ez. 155, p. 85, If six drammasare the inecrease in two hundred per
month, when will that sum be three times ?
Ams. 5 years, 6 monthsiand 2o days.

Ez. 156, p. 86. If five panas are the increase in twenty panas in a couple
of months, tell me in what time my wealth will be one and a half
times as it is.

Amns. 4 months,

Exs. 157~158, pp. 86-87. Oh dhira! one increasing by one time 100 were
applied at the rate of 2, 3, 4 and 5 per cent per month respectively;
months elapsed were respectively 7,8, 6 and 12. If ekapatrs (average)
be made of these 4 things tell me, oh friend! what that average
will be. .

Ams. time=95%; and rate 47/.

Egs. 159-160, p. 87. Oh friend! make ckapaira of these very pramdnas
(amounts) with their phalas (rates of interest) increased by one
fourth, and tReir months by one third.

Ans. time 987 months; and rate 417.

Ezx, 161, p. 91. Two hundred less by 1o were invested in three parts, oh
ganitika | at the rates of interest 3, 2 and 4 per cent (respectively)
per month, Interests obtained on these after 2, 3 and 4 months
respectively were found to be the same, Tell quickly the values of
the different parts.

Amns, 80, 80 and 30,
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TABLES oF MEASUREMENTS' AS RECORDED IN GANITATILAKA
I Kaparda-vyavahara?®

20 varatakas (kapardikas®) = 1 kakind*
4 kakinis = ,, pana
16 panas © =, dramma® ( purana® ).
IT Suvarna®-vyavahara
6 yavas = 1 nispava®
8 mispavas = ,, dharana
2 dharanas = ,, *gadyanakal®
. IIT Meya-vyavahira
14 ngspavakas = 1 dhataka
10 dhatakas = ,, pala.
- IV Kanamina-vyavahira
4 padikas = 1 manaka

1 Weights and measures used in ancient times in India have been discussed

by Durgashankar K. Shastri in his Gujarati article “Rgereai qwt Ao a1 am”
published in “The Reportand essays of the sixth Gujarati Sahitya-parised”

(pp. 53-70) in 1923. _

Some of the tables pertaining to weights and coins are given in “The
coins and weights in ancient India” published in *The Indian Historical
Quarterly” vol. VII, No, 4, pp. 689-702, December 1931.

2 Compare Lilavati v, 2. There we find as additional information the
fact that 16 drammas=1 niska,

3 See p, 39. On p. 7l-yve have the word kapardaka, The corresponding
word in Gujarati is kod. ;

4 The corresponding word in Gujarati is khankhani (gigoh). Itis alse
known as bodi. .

5 Compare the Greek word drachme and the Gujarsti dama.

6 See p. 39. )

7 In Prameyaratnamanjisa ( p. 226 ), the commentary on Jambiudvipa-

T prajiiapti ( sutra 54) we find the following remarkr=

“TeIR AYLIIRETAR: Aaede:, Neq ATaTI TH TR, § ITRENES O

g, 731 g o FAATE:, TN FAATIET ©F gIOT TR, CARARERu g9t i

8 Bimhatilaka explains this as “suvarnevalla”, Vide p. 2.

9 In Gujarati this is called gadiydno.
10 Compare Lulavatt v. 3 where it is said: 2 yavas =1 guiijG; and 3 gufjas
=1 valla.
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4 manakas* = 1 Selikd
10 Setikds = ,, hare,
V Ksetra-vyavahira
6 yavas (without fusa) = 1 angula®

24 angulas = ,, hasta®, hastika® or pani
4 panis = ,, danda or dandaka
20 dandakas = ,, raju
2 rajjus (samasri) = ,, nivartana®
2000 dandas = ,, krosa’
4 kros'as = ,, yojana.
VI Kaila-vyavahara
6o pranas = 1 vinddi
yy vinadis = ,, ghatika or ghati
y, Lhatikas = ,, akovdtra
30 ahoratras = ,, masa
12 masas = ,, samvatsara®.

These tables may be compared with those given in the
introduction on pp. XXXVII to XL. For further comparison,
I may give here some of the tables from old works.

To begin with, in the S'atapatha Brakmana (c. 2000 B.C.)
minute divisions of time are noted. They may be represented
as under;—

15 pranas® = 1 idan?

yy 1danis = ,, #darki
y 2tarkis = ,, ksipra
y ksipras = ,, muhiiria.
R
1 Manikd and mant are used on p. 78, *

2 400 harikds go by the very name, So says Simhatilaka on p. 2.

3 In Lilavati (v. b) we have: 8 yavodaras=1 angula; and 10 dandas=
1 vams a.

4 As regards hasta and its varieties, the reader may refer to “Inductive
Metrology” or “The recovery of Ancient measurements from the monuments”
(pp. 1256-130) by W, M, Flinders Petrie.

5 See p. 79. On p. 73 we have the word kara.

6 See Upasakadas'Griiga where its Prakrit equivalent niyaifana occurs,
See Dr. Heernle's edn. (Biblotheca Indica, pp. 14 and 80).

7 The word gawvyiiti occurs on p. 80.

8 In this connection Simhatilaka mentions prevdlaka., Videp. 3.

9 The prana here referred to, is approximately equal to Il’r second,
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30 mukirtas = 1 diwasa'.

In LZLalitavistara (p. 168)* linear measures are noted as
under :—

7 paramanuraja = I renu

yy VENUS = ,, lrutt

yy Lrutis = ,, vatayanaraja

yy vatdyanarajas = ,, s'as'araja

y Sas'arajas = ,, edakaraja

yw edakarajas = ,, goraja

y» LOrajas = ,, hksaraja

y lksarajas = ,, sarsapa

» Sarsapas = ,, yava®

s yBvas = ,, anguliparvan*

12 anguliparvans = ,, vitasti

2 vitastis = ,, hasta

4 hastas = ,, dhanusya
1000 dhanusyas = ,,-krosa

4 krosas =, yojana’.

Kautilya’s Arthas'astra (I1. 18. 17) furnishes us with
weights and measures as under :—

10 dhanyamasas = 1 Swvarnamasaka
5 gu;"zjﬁss = n ”

16 suvarnpamasakas = ,, karsa or suvarna
4 karsas = ,, pala

80 gaurasarsapas = ,, riapyamasaka

16 rapyamasakas<- = ,, dharana

20 Saiblyas D=, "

, landulas - = ,, vgjradharana.

In Abhidhanappadipita, some of the weights and measures
are mentioned, The pertinent verses given on pp. 70-7I are
as under :—

1 Arhatadars'anadipika ( pp. 587-589 ) may be consulted.

9 This page refers to R. Mitra’s edition, Calcutta, 1877. Cf, Datta and
Singh, L ¢., p. 187.

3-4 These are translated as ‘breadth of barley’ and ‘breadth of finger’
respectively by Datta and Singh, 7. ¢., p. 187.

5 From this it can be seen that a paramanu = 1.3 x 7= inches,

6 1n Gujarati, this is called canothi,
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“(grary dreat) g (F T30 A (73) 1
() @1, (AR GoFEw™) SO (95F) 1| 86 1
oo, (G=r wee) fard. (Eafifes o @) )
TEY. (WEY gt o) (aCon) ge. (F7) 0 geo
gt (Tega =) Wit (Frakr av gen) |
(oY) wamyan, (Rt wead) sREmo. 1 8e |
FZA, qEal. (TR gy (¥ =gl &g) |
AFTRY. (TFY Tean) o0, (A1 TFARTF) I 8eR M
wirRT. (ST gron) @i (efrmgarie) |
(@nfeat i) . (a) (Ran) Far. (@A) § e |
wreEdt, (RfRad) gav. wean, (g) @i, (FRE) 1~
qEY, (J) TFHY, (AFZT 100 g) ATAG. I 3¢8 ) -

One can easily proceed on these lines. So I shall simply
mention a few more works wherein the topic of weights and
measures is dealt with. They are: (1) Manusmrt® (VIII, v.
131-138), (2) Bhavisyatpurana®, (3) Sus'rute ( cikitsasthina,
adhyaya XXXI1), (4) Carakte (kalpasthana, adhyaya XII),
(5) Amarakos’a (II; v. 938-943), (6-7) Shridharacirya’s
Patiganita and Tvidali, (8) Ganitasarasangraka (1, v.25-45"),
(9) Abkidhanacintamani (111. v. 547-549)° and (10) -Purna-
kalas’a’s commentary on Dvyasdrayat

1 Yajiavalkyasmrti and Naradasmrti, too, may be consulted.

2 Padmapurdne may be also referred to.

3 “Positive sciences of the ancient Hindus” ( pp. 80-84 and 148 ) by
Dr. Brajendranath Seal may be consulted.

4 See Bombay Sanskrit and Prakrit Series No. LXIX (p. 328) and
No, LXXVI (pp. 381-386 etc.). These numbers represent Parts I and II
respectively. -
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Sanskrit words and their numerical significations
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1 In this Appendix referred to in the introduction on p. XXIII, are given
words collected from various sources, the names of all of which, I regret, I cannot
mention now, as they have not been so noted. I have, however, tried to find

out words—which—eceur-in—Goladlydya and in Ganitasarasanigraha;—end—then—

in order to find out the remaining words 1 have referred to Bhdratiye pricina

lipimala.

in Ganitatilake and have marked them with an asterisk,

2 . . stands for Ganitatilake and g, for ‘page’.

3 This is the abbreviation here used for Ganitasarasangrehao.

Side by side I have taken note of words found for the first time

4 This is the abbreviation here used for Bhératiya pracina lipimala (p.120),

5 This stands for Goeladhyaya.
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1 This and several other words (except Sapmukka) for which no source is

mentioned, are noted in Jainacitrakalpadruma (pp. 66-69), and Sanmukha,
in “History of Hindu Mathematics” (p. 55).
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