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Takao Hayashi



REVUE D’HISTOIRE DES MATHÉMATIQUES

RÉDACTION

Rédacteur en chef :
Norbert Schappacher

Rédacteur en chef adjoint :
Philippe Nabonnand

Membres du Comité de rédaction :
Alain Bernard
Frédéric Brechenmacher
Maarten Bullynck
Sébastien Gandon
Hélène Gispert
Catherine Goldstein
Jens Høyrup
Agathe Keller
Marc Moyon
Karen Parshall
Jeanne Peiffer
Tatiana Roque
Sophie Roux
Dominique Tournès

Directeur de la publication :
Marc Peigné

COMITÉ DE LECTURE

Philippe Abgrall
June Barrow-Greene
Umberto Bottazzini
Jean Pierre Bourguignon
Aldo Brigaglia
Bernard Bru
Jean-Luc Chabert
François Charette
Karine Chemla
Pierre Crépel
François De Gandt
Moritz Epple
Natalia Ermolaëva
Christian Gilain
Jeremy Gray
Tinne Hoff Kjeldsen
Jesper Lützen
Antoni Malet
Irène Passeron
Christine Proust
David Rowe
Ken Saito
S. R. Sarma
Erhard Scholz
Reinhard Siegmund-Schultze
Stephen Stigler
Bernard Vitrac

Secrétariat :
Nathalie Christiaën

Société Mathématique de France
Institut Henri Poincaré

11, rue Pierre et Marie Curie, 75231 Paris Cedex 05
Tél. : (33) 01 44 27 67 99 / Fax : (33) 01 40 46 90 96

Mél : revues@smf.ens.fr / URL : http//smf.emath.fr/

Périodicité :

Tarifs :

La Revue publie deux fascicules par an, de 150 pages chacun environ.

Prix public Europe : 80 e; prix public hors Europe : 89 e;
prix au numéro : 43 e.
Des conditions spéciales sont accordées aux membres de la SMF.

Diffusion : SMF, Maison de la SMF, Case 916 - Luminy, 13288 Marseille Cedex 9
Hindustan Book Agency, O-131, The Shopping Mall, Arjun Marg, DLF
Phase 1, Gurgaon 122002, Haryana, Inde
AMS, P.O. Box 6248, Providence, Rhode Island 02940 USA

© SMF No ISSN : 1262-022X Maquette couverture : Armelle Stosskopf

http//smf.emath.fr/


Revue d’histoire des mathématiques
19 (2013), p. 245–332

THE GAN. ITAPAÑCAVIM. ŚĪ ATTRIBUTED TO ŚRĪDHARA

Takao Hayashi

Abstract. — This paper provides a detailed study of the Gan. itapañcavim. ś̄ı at-
tributed to the famous eighth-century mathematician Śrı̄dhara with a view to
restore it to its original form. It consists of a revision of the text edited by David
Pingree, an English translation of the whole text, and a mathematical commen-
tary.

Résumé (Le Gan. itapañcavim. ś̄ı attribué à Śrı̄dhara). — Ce document présente
une étude détaillée de la Gan. itapañcavim. ś̄ı attribuée au célèbre mathématicien
Śrı̄dhara du huitième siècle en vue de lui redonner sa forme originale. Il se
compose d’une révision du texte édité par David Pingree, d’une traduction en
anglais de l’ensemble du texte, et d’un commentaire mathématique.

INTRODUCTION

David Pingree discovered a manuscript of a small arithmetical text
named Gan. itapañcavim. ś̄ı (hereafter GP) in the library of the Wellcome
Institute for History of Medicene, London. The manuscript consists of
three folios, but the second folio is missing. The first and the penultimate
verses mention the name of the author as Śrı̄dhara; the last verse here
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occurs also at the end of most of the extant manuscripts of the Triśatikā
(Tr) written by the eighth-century mathematician Śrı̄dhara. Pingree has
published an edition based on this single manuscript under the title ‘The
Gan. itapañcavim. ś̄ı of Śrı̄dhara’ [Pingree 1979].

In an earlier paper [Hayashi 1995], I expressed doubts about Śrı̄dhara’s
authorship of the GP. My main arguments were: (1) the GP contains more
verses (estimated to be about eighty-seven) than its title (‘Mathematics
in Twenty-Five hŚlokasi’) and the introductory stanza (ślokānām. pañca-
vim. śatyā ‘by twenty-five ślokas’) claim; (2) it contains no stanzas of the
previously known two works in the same field by Śrı̄dhara, namely the Tr
and the Pāt.ı̄gan. ita (PG), which in turn have a number of verses in com-
mon (these two points had already been briefly mentioned by Pingree
1979, 888); (3) it contains half a verse of Śrı̄pati’s Gan. itatilaka (GT, 11th
century) and eight and a half verses of Bhāskara II’s Lı̄lāvat̄ı (L, AD 1150)
and some of these fit metrically better in the GT and in the L than in
the GP; (4) it contains half a verse prescribing a formula for the area of
a circle-segment, which Gan. eśa in his commentary (AD 1545) on the L
attributes to his father Keśava and which causes inconsistency in the GP
with regard to �; and (5) it uses, in addition to the ordinary numerals, the
word-numerals which Śrı̄dhara avoids in the Tr and PG. My conclusion in
that paper was that ‘the present GP is not the original work itself (GP0) of
Śrı̄dhara, although we cannot of course deny the possibility that the GP0

existed’ [Hayashi 1995, 247].
Table 1 shows the number of verses in the Tr, PG, and GP as well as a

conjectural number of verses to be added to, or removed from, each chap-
ter or section of the GP in order to get GP0 . This has been determined as
follows.

First, I regarded the ‘twenty-five ślokas’ as referring to the number of
the verses for the sūtras (rules) only, because it is too small to include the
sam. jñāh. (terminology) and the udāharan. āni (examples) or even one of
them. Note that the anonymous Pañcavim. śatikā (‘hMathematical Texti
Consisting of Twenty-Five hVersesi’, PV) is so called without terminology
and examples.

Second, I estimated the number of verses in the chapters and sections
which must have been contained in the lost folio as follows: half a verse
each for the barter and the selling of living beings in the lost portion of
the chapter on ‘Three-quantity operation etc.’; one verse each for the
interest, the purity of gold, and the investment in the lost chapter on
Mixture; one verse each for the sum, the first term, the common dif-
ference, and the number of terms of an arithmetical progression in the
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lost chapter on Mathematical Series; and one verse each for equi- and
inequi-perpendicular quadrilaterals in the lost portion of the chapter on
Plane Figures. Thus, the total number of the verses to be restored for GP0

is twenty, the average being ten verses per page. On the other hand, the
extant three pages contain fifty-one verses, the average being seventeen
verses per page. The gap can be explained by interpolations in those lost
chapters and sections.

Third, I omitted from the extant portion of the GP those verses which
have obviously been borrowed from other works. They are designated by
‘F + serial number’ in Table 2. They are half a verse (F1) of the chapter
on Classes (from GT), four (F5-8) of the chapter on Plane Figures (from
Keśava and L), and one (F9-10) of the chapter on Shadow (from L). When
F7-8 and FE6 are omitted, the GP0 would be without the rules and exam-
ples related to the Pythagorean Theorem which is one of the most basic
propositions of geometry. But this would not be so strange as it appears to
be at first sight, because the same is also the case with the PV. I also omitted
three more verses (F2-4) in the chapter on Classes because the problems
they treat are too sophisticated to be included in a small text like GP.

The total number of the verses for sūtras of the GP0 thus obtained is ex-
actly twenty-five without the introductory and concluding verses (S1, 26).
The GP0 still contains poetic meters other than śloka in its narrow sense,
that is, the Anus.t.ubh meter, (Āryā in 23cd and 26 and Upajāti in 12-3ab),
but this difficulty is resolved by taking the word in its broader sense, that
is, ‘a verse in general.’

The possibility, however, still remains that even the GP0 is not the origi-
nal work of Śrı̄dhara but a counterfeit. The following are the several points
unfavorable to Śrı̄dhara’s authorship of GP0 . For the details see the rele-
vant places in the Commentary.

(1) The terminology of the weights and measures of the GP0 shows
affinities with the L, rather than with the Tr and PG, in the use of the
second weight system (S3ab), of the monetary unit dramma (S5), and of
the area unit nivartana (S7bcd). (2) The sum and difference in the GP0

(1ab) is the ordinary sum and difference of positive integers by means of
the decimal place-value notation while those in the Tr and PG are the sum
of a finite series of the natural numbers and the difference between two of
them. (3) In the inverse problem class (10cd–11ab), the GP0 , like the L,
includes the case where the unknown number is increased or decreased by
its own part, but the PG does not do so (the Tr does not deal with this class
at all). (4) The Tr and PG do not contain the optional-quantity operation
or the so called regula falsi, but the GP0 (11cd), like the L, does. Moreover,
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the way the GP0 treats the four examples under that rule is very close to
that of the L. (5) The comprehensive treatment of the ‘three-quantity
operation etc.’, which prescribes a vertical double-column arrangement
of the given terms even for the direct and inverse three-quantity opera-
tions, is unique to the GP0 (12-3ab). The Brahmasphut.asiddhānta (BSS,
12.11cd-12) also prescribes the same arrangement for the direct three-
quantity operation but not for the inverse one. (6) The GP0 still contains
word-numerals. (7) Śrı̄dhara prefers the Āryā meter in the Tr and PG but
the GP0 prefers the Anus.t.ubh.

It is, however, also true that none of the above points is a definitive rea-
son that completely denies Śrı̄dhara’s authorship of the GP0 .

In Table 1, the sign ‘–’ and a pair of parentheses ( ) indicate respectively
that the chapter or section is missing and that it exists but incomplete.

Table 1: Number of Verses in the Tr, PG, and GP and
the Conjectural Number of Verses to be added or removed

Chapters and Number of verses Topics to be
sections Tr PG GP � GP0 restored
Terminology 8 8 9 0 9
Eight fundamental operations

sūtras 26 1
2 29 8 0 8

udāharan. as 22 24 3 0 3
Classes

sūtras 1
2 5* 7 �4 3

udāharan. as 7 6* 6 �3 3
Three-quantity operation etc.

sūtras 4 4 (1 1
2 ) +1 2 1

2 barter, selling of
udāharan. as 27 27 (3) +2 5 living beings

Mixture
sūtras 6 27** – +3 3 interest, purity of
udāharan. as 16 45** – +3 3 gold, investment

Mathematical series
sūtras 3 29 – +4 4 sum, first term, etc.
udāharan. as 2 19 – +1 1 of arithm. progr.
*PG treats the class problems in Mixture.

**Except the class problems.
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Chapters and Number of verses Topics to be
sections Tr PG GP � GP0 restored
Plane figures

Rectilinear figures
sūtras 5 11 (2) �2;+2 2 tri- and quadri-
udāharan. as 5 12 (2) �1;+4 5 laterals

Circular figures
sūtras 4 – 2 1

2 �2 1
2

udāharan. as 2 – 2 �1 1
2

1
2

Excavations
sūtras 6 – 1

2 0 1
2

udāharan. as 8 – 1
2 0 1

2
Brick-piling

sūtras 1 – 1
4 0 1

4
udāharan. as 4 – 1

2 0 1
2

Timber-sawing
sūtras 2 – 1

4 0 1
4

udāharan. as 3 – 1
2 0 1

2
Heaped-up grain

sūtras 4 – 1
2 0 1

2
udāharan. as 4 – 1

2 0 1
2

Shadow
sūtras 1 – 1 1

2 �1 1
2

udāharan. as 2 – 2 1
2 �2 1

2
Concl. rem. 0 – 2 �1 1
Total number of verses

sūtras 63 (105) (24) +1 25
udāharan. as 102 (133) (20 1

2 ) +2 1
2 23

Table 2 shows the contents of the GP and parallel verses in the Tr, PG,
and L. In Pingree’s edition of the GP (designated P in the table), the con-
secutive verse numbers for the examples are given separately from those
for the rules and printed, like the texts of the examples, in smaller letters.
They are put in a pair of parentheses in Table 2. In my numbering, ‘E’ is
attached to the verse numbers for the examples, and ‘F’ to the borrowed
verses. The abbreviations ‘S’ in the first column and ‘Pb’ under Tr stand
respectively for sam. jñā and for paribhās. ā (both meaning terminology).
Other abbreviations: cl. (class), decr. (decrease), diff. (difference), frac.
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(fraction), incr. (increase), inv. (inverse), opt. (optional), qt. (quantity),
rem. (remainder), and vis. (visible).

Abbreviations of Titles

GT Gan. itatilaka of Śrı̄pati.
GP Gan. itapañcavim. ś̄ı of Śrı̄dhara.
GSK Gan. itasārakaumudı̄ of T. hakkura Pherū.
Tr Triśatikā of Śrı̄dhara.
PG Pāt.ı̄gan. ita of Śrı̄dhara.
PV Pañcavim. śatikā (anonymous).
BG Bı̄jagan. ita of Bhāskara.
BSS Brāhmasphut.asiddhānta of Brahmagupta.
L Lı̄lāvat̄ı of Bhāskara.
L/ASS Pune edition of the L.
L/VIS Hoshiarpur edition of the L.

Table 2: Contents of the GP and the Parallel Verses in the Tr, PG and L
Verse No. Meters Contents Tr PG L

New In P
Terminology (sam. jñā)
S1 1 Anu 1 Homage Pb1 1 1,9
S2 2 Anu 1 Units of weight Pb5 10 4
S3ab Anu 1 cont. – – 3
S3cd 3 Anu 1 Def. of kut.apa. Cited by

Sūrya.
– – –

S4 4 Anu 1 Units of volume Pb6 11 8
S5 5 Anu 1 Units of money Pb4 9 2
S6-7a 6 Anu 1 Units of length Pb7 12 5-6a
S7bcd 7 Anu 1 Unit of area – – 6bcd
S8-9 8-9 Anu 1 Decimal names Pb2-3 7-8 10-1
Eight fundamental operations (parikarmās.t.aka)
1ab 10ab Anu 1

2 Sum and diff. –,8ab –,21ab 12,45a,
46d

E1ab (1ab) Anu 1
2 Exs. – – 13

1cd 10cd Anu 1
2 Multiplication 5-6ab 18-19ab 14

E1cd (1cd) Anu 1
2 Exs. E3-4 E3 17

2ab 11ab Anu 1
2 Division 9 22 18

2cd 11cd Anu 1
2 Square and cube 10,14-15a 24a,28b 19a, 24a

E2ab (2ab) Anu 1
2 Exs. E5-6 E4-5 21,27
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Verse No. Meters Contents Tr PG L
New In P
3-4ab 12 Anu 3

2 Square-root 12-3 25-6 22
4cd-6ab 13-4 Anu 2 Cube-root 16-8 29-31 28-9
6cd-7ab 15 Anu 1 Part cl. and sum & diff.

of frac.
23ab, 19 36cd, 32 30,37

E2cd (2cd) Anu 1
2 Exs. E13,7 E14,6-8 31,38

7cd 16ab Anu 1
2 Multi-part cl. and

multiplication of frac.
23cd,20ab 38ab,33ab 32,39

E3ab (3ab) Anu 1
2 Exs. E14-5,9 E14-5,9 33,40

8ab 16cd Anu 1
2 Division of frac. 20cd 33cd 41

8cd 17ab Anu 1
2 Square etc. of frac. 21-2 34-5 43

E3cd (3cd) Anu 1
2 Exs. E11-2 E12-3 44

Classes (jāti)
9ab 17cd Anu 1

2 Zero cl. 8cd 21cd 45b,46a
9cd-10ab 18 Anu 1 Part-incr./decr. cl. 24,– 39-40 34
E4ab (4ab) Anu 1

2 Exs. E16-7 E18-21 35
10cd-11ab 19 Anu 1 Inverse-op. cl. – 78 48-9
E4cd (4cd) Anu 1

2 Ex. – E102 50
11cd 20ab Anu 1

2 Optional-num. cl. – – 51
E5ab (5ab) Anu 1

2 Ex. of opt.-num. cl. – – 52
E5cd (5cd) Anu 1

2 Ex. of vis.-num. cl. E23-9 E96 53
F1 20cd Indr 1

2 = GT 67: Rem. cl. – – –
E6ab (6ab) Anu 1

2 Ex. of rem. cl. – E97 54
E6cd (6cd) Anu 1

2 Ex. of diff. cl. – E98 55
F2 21 Anu 1 Root cl. – 75 65
FE1 (7) Indr 1

2 Ex. – E99 67-8
F3 22 Āryā 1 Seen-root-part cl. – 76 66
FE2 (8) Anu 1 Ex. – E100 69-72
F4 23 Indr 1 Tower cl. – – –
FE3 (9-10) Śār 1 Ex. – – –
Three-quantity operation etc. (htrairāśikādii)
12-13ab 24 Upaj 3

2 (2n+1)-qt. op. and inv.
three-qt. op.

29-31 43,44cd,45 73,77,82

E7ab (11ab) Anu 1
2 Ex. for 3-qt. op. E30-9 E25-36 74-6

E7cd (11cd) Anu 1
2 Ex. for 5-qt. op. E44-50 E39-44 83-4

E8 (12) Anu 1 Ex. for 7-qt. op. E51 E45 85
E9 n.n. Anu 1* Ex. for inv. 3-qt. op. E40-3 E34-8 80-1
* Only the first five syllables are extant.
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Verse No. Meters Contents Tr PG* L
New In P
. . . . . . . . . . . . . . . Lost portion begins . . . . . . . . . . . . . . .
13cd Upaj 1

2 Barter 32ab 46ab 88
E10 Anu 1 Ex. E54-5 E48-9 89
14ab Anu 1

2 Selling of living beings 32cd 46cd 78
E11 Anu 1 Ex. E56 E50 79
Eight kinds of procedure (vyavahārās.t.aka)
Mixture (miśraka)
14cd-15ab Anu 1 Interest 33 47 90
E12 Anu 1 Ex. E57-8 E52-3 91
15cd-16ab Anu 1 Purity of gold 36 53ab 103ab
E13 Anu 1 Ex. E63-4 E63 104
16cd-17ab Anu 1 Investment 38ab 59ab 94
E14 Anu 1 Ex. E67-9 E71-2 95
Mathematical series (śred. hı̄)
17cd-18ab Anu 1 Sum of arithm. progr. 39 85ab 121
E15** Anu 1 Ex. E73-4** E103-5** 122-3
18cd-19ab Anu 1 First term 40ab 86ab 124
E15 Anu 1 Ex. E73-4 E103-5 125
19cd-20ab Anu 1 Common diff. 40cd 86cd 126
E15 Anu 1 Ex. E73-4 E103-5 127
20cd-21ab Anu 1 Number of terms 41 87 128
E15 Anu 1 Ex. E73-4 E103-5 129
Plane figures (ks.etra)
21cd-22ab Anu 1 Equiperpendicular

quadrilaterals
42 115 172-3

E16-9 Anu 4 Exs. E75-9 E122-4 174-5
22cd-23ab Anu 1 Inequiperpendicular

quadrilaterals
43 117 169,171

E20*** Anu 1 Ex. E80 170,186-7
. . . . . . . . . . . . . . . . Lost portion ends . . . . . . . . . . . . . . . .
23cd 25ab Āryā 1

2 Circle 45 199,203
E21ab (13ab) Anu 1

2 Ex. E85 200,202
* The PG is available up to verse 118 which gives an approximation formula for the square-
root to be used in Brahmagupta’s formula for the area of a cyclic quadrilateral which is
stated in verse 117.
** The same examples are used for the three rules that follow.
*** The verse of E20 is lost but a geometrical figure for it with a short prose sentence is
extant.
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Verse No. Meters Contents Tr PG L
New In P
F5* 25cd Anu 1

2 Circle segment 47 –
FE4 (13cd) Āryā 1

2 Ex. E86 –
F6 26 Indr 3

2 Arrow and chord – = 204
FE5 (14) Anu 1 Ex. – = 205
F7 27 Āryā 1 Def. of bāhu and kot.i – = 135
F8 28 Gı̄ti 1 Sides of right-angled tri-

angles
51 = 136

FE6 (15) Anu 1 Exs. – = 137
Excavations (khāta)
24ab 29ab Anu 1

2 Excavations 52-3 214
E21cd(16ab) Anu 1

2 Exs. E87-90 215-6
Brick-piling and timber-sawing (citi-krakaca)
24cd 29cd Anu 1

2 Brick-piling & timber-
sawing

58-60 220,223,225

E22ab(16cd) Anu 1
2 Exs. for brick-piling E95-8 221-2

E22cd(17ab) Anu 1
2 Ex. for timber-sawing E99-101 224,226

Heaped-up grain (rāśi)
25ab 30ab Anu 1

2 Heaped-up grain 61-2 227
E23ab(17cd) Anu 1

2 Ex. E102 228
Shadow (chāyā)
25cd 30cd Anu 1

2 Time from shadow 65 –
E23cd (18) Anu 1

2 Ex. E106-7 –
F9 31ab Vas 1

2 Shadow – = 234
FE7 (19) Indr 1 Ex. – = 235
F10 31cd Vas 1

2 Height of lamp – = 236
FE8 (20) Upaj 1 Ex. – = 237
Concluding remarks (hgranthasamāptii)
26 32 Āryā 1 Merits of the GP – 272
F11 33 Āryā 1 Praise of Śrı̄dhara – –
* Exactly the same half verse is ascribed by Gan. eśa to his father Keśava.
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1. TEXT

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . Notation . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

B2 A Baroda manuscript of the Tr. See Bibliography.
E + v. no. A verse for an example or examples.
F + v. no. A verse borrowed from other work.
P The text of the GP edited by Pingree.
S + v. no. A verse for terminology (sam. jñā).
W The Wellcome Institute manuscript of the GP on which P is

based.
(A) A has been added by Pingree.
hAi A is added by me. This is not applied for the verse numbers,

which are all mine. In P, they have been supplied by the ed-
itor. See Table 2 above.

A T1 ] B T2 A in T1, which is accepted here, reads B in T2. T1 is omitted
if it is P.

The verses conjectured here to be of the original GP (i.e., GP0) are
printed in italic face and the passages regarded here as interpolations are
printed in smaller letters within the delimiters,

>
(Interpolated passage)

?

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . Text . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

hp. 890i (f. 1r) ao\;
haT s\âA,i

Efv\ þZMy -vk̂tpAÔA, sAr\ þv#yEt.
ŽokAnA\ p\cEv\f(yA ŹFDr, þkVAT‚yA; S1;
p\cg̀\jo Bṽ˚mAqo mAq{, kqo‚ n̂pþm{,.
s s̀vZ‚, s̀vZ‚-y t{Űt̀EB‚, pl\ -m̂tm̂; S2 ;
věE-/g̀\j-t{g‚ŊAZk, qoXfEB, -m̂t,.
sAĹ« ṽDo _¡̀l\ /FEZ k̀Vp̃ d{]y‚Ev-t̂Et,; S3; 1

c/̀EB, k̀Vp{, þ-T, þ-T{Űt̀EB‚rAYk,.
ct̀EB‚rAYk{dý o‚Z, KAErdý o‚Z{n̂‚pþm{,; S4;
vrAVkAnA\ Ev\f(yA kAEkZF tÎt̀čym̂.
pZ-t̃ qoXf dý Mm-t̃ qoXf c En¯kk,; S5;

1 _¡̀l\ ] _¡̀l P. This hemistitch is cited by Sūryadāsa, who also reads ‘_¡̀l\’. See
Hayashi 1995, 246.
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/yo _¡̀l\ yvA U@vA‚-tÎt̀Ev«fEt, kr,.
d�XŰt̀¯kr, Ğof-t(shúŠy\ Bṽt̂; S6;
yojn\ -yAÎt̀,Ğof\ v\fo h-tA dfAč vA.
EnvĄ‚n\ tEŠ\f(yA "̃/\ bĹ\ ct̀B̀‚jm̂; S7;
hp. 891i ek\ df ft\ t-mA(shúmỳt\ tt,.
l"\ c þỳt\ koEVrb̀‚d\ pŤm̃v c; S8;
Kv« EnKv« c mhApŤ\ fň̀, sEr(pEt,. 2

a˚(y\ m@y\ prAĹ« -ỳ, s\âA dfg̀ZoĄrA,; S9; 3

100000000000000000h; i
iEt s\âA,;

haT pErkmA‚čkm̂i

sňElt&yvkEltyo, ś/m̂;

yogA˚tr̃ yTA-TAnhn\i c̃(K̃nAEvk̂to Bṽt̂. 1ab. 4

udAhrZm̂;

qEčn‚vAkA‚, Ek\ ỳÄA, -ỳ, ftAŠA EvfoEDtA,. E1ab.

˚yAs,; 60. 9. 12. yog̃ jAt\ 81. etQCtAŠA Evfo@y f̃q\. 19; iEt
sňElt&yvkElt̃;

g̀Zñ ś/m̂. h. i

g̀�y-yA˚(yAEdkAnňA˚g̀ZỹŃ̀Zk̃n t̀; 1cd;

udAhrZm̂;

Ejn{n‚gAkA‚, Ek\ EnÍA-ìyk{‚, Ek\ d˚tB́n̂pA,; E1cd;

˚yAs,; g̀�y 127 g̀Z 24h. i g̀�y 16132 g̀Z 123. g̀ZnA>âAt̃ Pl̃. 5 3048.
1984236; iEt g̀ZkAr,;

hp. 892i BAghAr̃ ś/m̂;

BAg̃ BA>yAĹro ỹn ht, f̀@ỹ(Pl\ t̀ s,. 2ab. 6

2 pŤ\ ] pŤ̃ W.
3 prAĹ« ] prAĹ̃‚W.
4 -TAn\ ] -TAn P.
5 g̀ZnAĵ ] g̀ZnA W.
6 ht, ] ãt, P.
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udAhrZm̂; þA‘lNDg̀ZPl-vg̀ZQC̃dyoBA‚gAT« ˚yAs,; 7 BA>y 3048 hr
24h. i BA>y 1984236 hr 123. BAjnAěNDO g̀�yO 127. 16132.h. i iEt
BAghAr,;

vg‚Gnyo, ś/m̂;

smEŠGAto vg‚, -yA(sm/yhEtG‚n,; 2cd;

udAhrZm̂;

kO nvAnA\ E/śyA‚ZA\ -yAtA\ vg‚GnO sK̃. E2ab.

>

8
G

˚yAs,; 1 2 3 4 5 6 7 8 9 1 2 3 4 5 6 7 8 9
1 4 9 16 25 36 49 64 81 1 8 27 64 125 216 343 512 729

?

˚yAs,; 9. 123. jAtO vgO‚ 81. 15129. GnO c 729. 1860867; iEt
vg‚GnO;

vg‚ḿl̃ ś/m̂.

(yÆA˚(yAEŠqmAŠg« EŠÍḿlãt̃ sm̃.
lNDvg« tdAŊ-TAĆyÆAØ\ EŠg̀Z\ ˚ys̃t̂; 3; 9

p\ÅA\ BÄ̃ sm̃ (yÆ̃Et m̀h̀-tŇl\ pdm̂. 4ab. 10

udAhrZm̂; þA‘vg‚yoḿ‚lAT« ˚yAs,; 11 lND̃ pd̃. 9. 123; iEt vg‚ḿlm̂;

hp. 893i Gnḿl̃ ś/m̂;

aAŊ\ Gno _GnŠ˚ŠEm(y˚tAŁnto Gnm̂; 4cd;
(yÆA p̂T?pd\ k̂(yA E/èyAŊ-T\ Bj̃(Plm̂. 12

p\ÅA\ ˚ys̃d-y vg« tdAŊAĆ~y˚(ytAEXtm̂; 5; 13

jİAŁn\ c t(ṕvA‚˚ḿlAy{v\ p̀nEv‚ED,. 6ab.

udAhrZm̂; þA‘Gnyoḿ‚lAT« ˚yAs,. 14 lND̃ Gnḿl̃. 9. 123; iEt Gnḿlm̂;

7 BAgAT« ] BAgAD‚m̂; ) P.
8 Presumably this table was added later by someone who regarded ‘nvAnA\’ in E2ab
as referring to ‘the hfirsti nine hnatural numbersi.’
9 tdAŊ-TAt̂ ] tdAŊonAt̂ P.
10 (yÆ̃Et ] BÆ̃Et P.
11 vg‚yoḿ‚lAT« ] vgO‚. ḿlAT« P. 81. 15129.
12 E/èyAŊ-T\ ] E/èyA -TA=y\ P.
13 tdAŊAĆ~y˚(y ] tdAŊA a˚(y P.
14 Gnyoḿ‚lAT« ] GnO. ḿlAT‚, P. 729| 1860867|
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iEt ŹFDrAcAy‚EvrEct\ pErkmA‚čk\ smAØm̂;

haT EBàpErkmA‚čkm̂i

BAgjAEtEBàsňElt&yvkEltyo, ś/m̂;

smQC̃dAT‚m˚yo˚y\ ECŐA\ h˚yAĹrA\fkO; 6cd;
smEQCdo _\fA ỳtonA, -yAdý ´ pmhr̃ hr,. 7ab. 15

udAhrZm̂;

aĹ‚ìy\fct̀TA«fA, Ek\ ỳÄA vA /yAQQỳtA,; E2cd;

˚yAs,16 1 1 1
2 3 4

17 jAtA, smQC̃dA, 6 4 3
12 12 12

yog̃ jAtm̂ 13
12

etĄ~ yAEŠfo@y f̃qm̂ 23
12

iEt EBàsňElt&yvkElt̃;

þBAgjAEtEBàg̀Zñ ś/m̂;

BAgþBAg̃ g̀Zñ _\fGAto hrGAtãt̂; 7cd;

udAhrZm̂.h. i

a\G}̃rĹ‚t̂tFyA\f, k, Ek\ ìy\fht\ dlm̂. E3ab.

˚yAs, 1 1 1
4 2 3

þBAg̃ jAtm̂ 1
24

g̀�y 1
3

g̀Zk 1
2

g̀ZnA>jAtm̂

1
6

iEt EBàg̀ZkAr,;

EBàBAghAr̃ ś/m̂;

pErvĆy‚ lvQC̃dO hr-y g̀Zn\ tt,. 8ab.

hp. 895i udAhrZm̂; þA‘lNDEBàg̀ZPl-vg̀ZQC̃dyoEB‚àBAghArAT« ˚yAs,;
18 BA>y 1

6
hr 1

3
lNDm̂ 1

2
iEt EBàBAghAr,;

EBàvgA‚Edq̀ ś/m̂;

15 !pmhr̃ ] !pþhr̃ P.
16 ˚yAs, in margin W.
17 Here and hereafter, I supply the bottom line of each box, which is missing in P.
18 þA‘lND ] þAěND W.
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C̃dA\fyo, k̂tF vg̃‚ Gñ GnO pd̃ pd̃; 8cd;

udAhrZm̂;

sAĹ‚/y-y kO vg‚GnO tA<yA\ c k̃ pd̃; E3cd;

˚yAs, 3
1
2

jAtO vgO‚ 49
4

GnO c 343
8

19 jAt̃ (f. 1v) pd̃ 7 7
2 2

hiEt EBàvgA‚Ed; i

iEt EBàpErkmA‚čk\ smAØm̂;

haT jAEt,i

f́˚yjAtO ś/m̂;

f́˚y\ K̃n vD̃ -yA(K\ K-y vg‚GnAEdq̀. 9ab.

iEt f́˚yjAEt,;

BAgAǹb˚DBAgApvAhjAtO ś/m̂;

C̃dÍ!p̃¯v\f, -vm̂Z\ c{k-y c̃ěv,; 9cd; 20

hto hro _DE[CdA\f-tyA -vA\fỳtonyA. 10ab. 21

hp. 896i udAhrZm̂;

ìy\fAäonA-/y, Ek\ Ek\
-vìy\fAäoEntA-/y,. E4ab.

˚yAs, 3 3

1
�
1

3 3

22 svEZ‚t̃ jAt̃ 10 8
3 3

-vA\fp"̃ 3 3
1 1

1
�
1

3 3

23 a-y jAt̃ 4.

2; iEt BAgAǹb˚DBAgApvAhjAEtct̀čym̂;

&y-toŇ̃fkjAtO ś/m̂;

19 8 ] ? W.
20 a\f, ] a\fA, P; lv, ] lvAnAm̂ P, lvAnm̂ W.
21 hto hro ] ãto hro P, hto ãro W; ECdA\fŝ ] ECd\fŝ W.
22

�
1 ] 1 W.

23
�
1 W ] 1 P.
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&y-t̃ -vZ̃‚ g̀ZhArO d̂č̃ vg‚pd̃ aEp; 10cd; 24

-vZ̃‚ -vA\f̃ sEt -vA\fAäon!p̃Z BAjỹt̂. 11ab.

udAhrZm̂. h. i

Ţ́nE-/Ío vEg‚t, k,
-vìy\fAäE-/ãà̂pA,; E4cd;

˚yAs,;
�
2 g̀Z 3 vg‚ 1 -vìy\f 1

3
BAg 3 d̂[y 16. 25 jAto rAEf, 4; iEt

&y-tjAEt,;

ičjA(yAEdq̀ ś/m̂; 26

aAlApvĹtãtA\fỳton{kãŇ̂[y,; 11cd; 27

udAhrZm̂;

kE-/Í, p\cãdý Af̃,
p\cA\fAäo _ENDãøym̂. E5ab. 28

˚yAs,; g̀Z 3 BAg 5 rA[y\f Dn\ 1
5

BAg 4 d̂[y 2; jAto rAEf, 10;

iEt ičjAEt,; 29

aT d̂[yjA(ỳdAhrZm̂;

K\ qďo _gA>jl\ ìy\f,
qX̂d̂čA, kEt t̃ f̀kA,; E5cd; 30

˚yAs,
�
1

�
1

6 3
d̂[y 6. jAtA, f̀kA, 12; iEt d̂[yjAEt,;

>
aT f̃qjAtO ś/m̂;

24 vg‚pd̃ ] vZ‚pd̃ P.
25 g̀Z ] g̀ZA W; -vìy\f ] -v/ym̂ P; 1

3
] 1 4

3
W.

26 ič W ] d̂č P.
27 d̂[y, ] d̂f, W. Metrically the latter is better but the word form is difficult to ex-
plain unless the word d̂f̂ has the passive meaning ‘seen’. Presumably the syllable [y
was here either pronounced like ‘f’ or regarded as a single-consonant syllable.
28 ãd̂ ] ã W.
29 ič ] d̂č P.
30 qďo _gAĵ ] qďo _\gAĵ P; qX̂ ] qV̂ W.



260 T. HAYASHI

ECŁAtBÄ̃n lvonhAr -
GAt̃n BA>y, þkVAHyrAEf,; F1; 31

?

hf̃qjA(ŷiudAhrZm̂; 32

qď̃ f̃qAĹ̃‚ tQC̃qìy\f̃ yAt̃ f̀kA df; E6ab;

˚yAs,
�
1
6

f̃q
�
1
2

f̃q
�
1
3

33 d̂[y 10; jAto rAEf, 36;

aTvA BAgApvAhEvEDnA věFsvZ‚nBAgA,; ˚yAs, 1
1
�
1
6
�
1
2
�
1
3

34

hto hro _DE[CdA\f35 i(yAEdkrZ̃n svZ‚nA>jAtm̂ 5
18

et̃n d̂č\ BÄ\

jAtA, f̀kA, 36; 36 id\ Evlomś/̃Z vA Es@yEt; iEt f̃qjAEt,;

aT EvŽ̃qjA(ỳdAhrZm̂;

qX\fAĹA‚˚tr\ nč\ d̂čA, qşoỳEt, kEt; E6cd;

˚yAs,
�
1

�
1

6 2
a-yA˚tr\

�
1
3

d̂[y 6. 37 yToÄkrZ̃ jAtA goỳEt, 9; iEt

EvŽ̃qjAEt,;

>
ḿljAtO ś/m̂;

31 = GT 67 (p. 44, line 11). þkVAHy GT ] þkWAHy P.
32 udAhrZm̂; ] ? W.
33

�
1 ]

�
0
1

W.

34
�
1
2

]
�
1�
2�

W.

35 Cited from GP 10a.
36 hto hro ] ãto hro P, ãto ãro W.
37 a-yA˚tr\ ] a-y a˚tr\ W;

�
1 (above ‘3’) ] 1 W.
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ḿlAäonAÎt̀En‚ÍA˚ḿlvg‚ỳtA(pdm̂. 38

ḿlonỳt\ dElt\ vEg‚t\ jAyt̃ Plm̂; F2;

udAhrZm̂;

ḿloEnt, f̃qqX\fhFn, k, f̃qḿl̃n ỳt, KrAmA,; FE1;

˚yAs,;
�
1 śes.a

�
1
6

f̃qḿl Dn 1 d̂[y 30. jAto rAEf, 36; iEt ḿljAEt,;

d̂čḿlA\fjAtO ś/m̂;

aT lvỳtoEntoÄO lvAE˚vton{kBAEjtAŇ̂[yAt̂.
t-yAnyn\ þA‘v˚ḿlAdEp yEd lvo rAf̃,; F3;

udAhrZm̂;

yo BA\fìy\fn˚dA\f{En‚j{ỳ‚Ä, pd̃n c.
rAEfn‚vAk‚t̀Sy, -yAĄ\ dý AÃFĄ‚y koEvd; FE2;

˚yAs, 1 1 1
27 3 9

ḿ 1 d̂[y 129; 39 jAto rAEf, 81; iEt d̂čḿlA\fjAEt, smAØA;

hp. 900i mAXjAtO ś/m̂; 40

mAX-y B́mO sd̂fAňp\EÄErč{, s!p{, Ğmfo EvBÄA. 41

ičÍlND\ sEht\ td́@ṽ‚ ś/\ EvEc/\ f̂Z̀ nAm‚doÄm̂; F4; 42

udAhrZm̂;

Ef¯yAkZ‚y gop̀r̃ E"EtB̂t, sØ"Z̃ s̀˚dr̃
t/As˚mǹjA, "Z\ "ZmDE-tď˚jgAdoÎgF,. 43

yAv˚to vym/ pAtnByAĄAv˚t et̃ "ZAd̂
aAyAtA, þEtB́EmkA\ vd sK̃ s\HyA\ nrAZA\ p̂Tk̂; FE3; 44

38 vg‚ỳtAt̂ ] vgA‚ỳtAt̂ P.
39 ḿ 1 ] ḿl P, ḿ 4

1
W.

40 mAXjAtO ś/m̂; ] ? W. The same rule (F4) and example (FE3) have been noted
down on the first page of a Baroda manuscript (B2) of the Tr.
41 mAX-y ] mAX-TA B2.
42 td́@ṽ‚ ] td́Ĺ̃‚B2; nAm‚doÄm̂; (23;) ] nAm‚doÄ\; 1 B2.
43 y of aAkZ‚y in margin B2; jgAdoÎgF,. ] jgAdoÎgF,; P; jgAdoÎk{,. B2.
44 vym/ ] yvm/ B2 (corrected by putting ‘1’ and ‘2’ above ‘v’ and ‘y’ respectively);
s\HyA\ B2 ] s\HyA P; p̂Tk̂; 1 B2 ] smA; (10; ) P.
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˚yAs,; p̂T?"Z̃ "Z̃ jAtA nrA, smA, 64
64
64
64
64
64
64

45 hyToÄkrZ̃n jAtA, þEtB́EmkA,

s\HyA,i 127
63
62
60
56
48
32

46 iEt mAXjAEt,;

?

iEt ŹFDrAcAy‚EvrEctA jAEt, smAØA;

haT /{rAEfkAEdi

hp. 901i /{rAEfkAEdq̀ ś/m̂;

E/p\csØAEdkrAEfk̃ -t,
þmAZEmQCA c smAnjAtF.
a˚yo˚yp"̃ PlhArkAZA\
EvDAy yAn\ n Pl-y vAm̃; 12; 47

b§\fp"AňvDo _SpkA\f -

p"AňGAt̃n ãt, Pl\ -yAt̂. 13ab.

udAhrZm̂;

sAĹ{‚, qX̂EB, pZ{rAm}ft\ dý Mm̃Z t̃ kEt. E7ab.

45 ˚yAs, . . . smA, 64
...

64

] ˚yAs, . . . smA, 64. 64; P, sd̂[y 64 B2.

46 127
...
32

]

B́
Em

7

1
12

7
2

6
3

3
6
2

4
6
0

5
5
6

6
4
8

7
32

B2.

47 . ]. 1 W.
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˚yAs,; 6 100 16
1
2

48 lNDmAm}A, 246
2
13

iEt /{rAEfkm̂;

p\crAEfk̃ udAhrZm̂; 49

sAĹ̃‚ mAs̃ ft̃ p\c qč̃v‚q̃‚ Pl\ t̀ Ekm̂; E7cd;

˚yAs, 3 12
2 1
100 60
5 0

50 lND\ klA˚tr̃ 24; iEt p\crAEfkm̂;

sØrAEfk̃ udAhrZm̂;

dfAyAmA E/Ev-tArA pVF dý MmAčk̃n c̃t̂.
l<yt̃ Š̃ E/Ev-tAr̃ akA‚yAm̃ EkmAÙ̀t,; E8;

˚yAs, 1 2
10 12
3 3
8 0

51 lND\ dý MmA, 19
1
5

52 iEt sØrAEfkm̂;

hp. 902i &y-t/{rAEfk̃ udAhrZm̂;

dĆvAčvZ‚ (here ends f. 1v) . . .; E9; 53

. . . . . . . . .

haT &yvhArAčkm̂i

hEmŹk - and Ź̃YF - &yvhAr and most part
for rectilinear figures in "̃/ - &yvhAr are missing.i

. . . . . . . . .

48 100 ] 100
1

W.

49 Here and hereafter, I leave the irregular sandhi (k̃ u) as is in P.
50 1 ] ? P; 0 W ] ? P. In this and the next enclosures, the zero signs, which must have
been a dot or a small circle called bindu, signify that there is no numerical figure in
the respective places.
51 12 ] 3 P; 3 (below ‘12’) ] 13 P; 0 W ] ? P. For the zero sign see the footnote for the
previous enclosure.
52 19 ] 18 P.
53 dĆvAč ] dĄ̃č P.
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h. . .; E20;i

. . . . . . . . . (f. 3r) aT df‚n"̃/m̂;

२५

५२

<६०>

३९

१८९
५ ५

<२>२४

h"̃/ 1i54

a-y Pl\ 1764; 55 iEt ct̀rú"̃/âAn\ smAØm̂;

v̂Ą"̃/âAñ ś/m̂;

&yAs&yAsAĹ‚k̂tF pErEDPl̃ ngãt̃ EŠdúÍ̃; 23cd;

udAhrZm̂;

pErED, ko df&yAs̃ v̂Ą̃ -pčPl\ t̀ Ekm̂. E21ab.

˚yAs,;

१०

h"̃/ 2i56

pErED, 31
3
7

a-y Pl\ 78
4
7

iEt v̂Ą"̃/m̂;

54 P, W.
55 End of the prose comment on the missing E20 for a quadrilateral.

56 P, W.
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>
hp. 903i Dǹq, "̃/Anyñ ś/m̂;

cAp̃ Pl\ fro >ỹq̀yogAĹ‚Ío nKA\fỳk̂; F5; 57

udAhrZm̂;

cAp̃ /yodf>ỹ Ek\ Pl\ -pč\ E/sAyk̃; FE4;

˚yAs,;

३ १३

h"̃/ 3i58

a-y Pl\ 25
1
5

iEt Dǹq, PlAnynm̂;

frAnyñ ś/m̂;

>yA&yAsyogA˚trGAtḿl\ &yAs-td́no dElt, fr, -yAt̂.
&yAsAQCronAQCrs¡̀ZAÎ ḿl\ EŠEnÍ\ BvtFh jFvA. 59

jFvAĹ‚vg̃‚ frBÄỳÄ̃ &yAsþmAZ\ þvdE˚t v̂Ą̃; F6; 60

udAhrZm̂;

dfEv-t̂Etv̂ĄA˚tA y/ >yA qE�mtA sK̃. 61

t/̃q̀\ vd bAZA>>yA\ >yAbAZA<yA\ c Ev-t̂Etm̂; FE5; 62

˚yAs, 10 6
1 1

63 lNDA bAZEmEt, 1; âAt̃ bAZ̃ lNDA >yA 6; >yAbAZyor̂

âAtyol‚NDA v̂ĄEv-t̂Et, 10; iEt frAnynm̂;

hp. 904i aAytìyú̃ ś/m̂; 64

57 Cited, and ascribed to his father Keśava, by Gan. eśa of Nandigrāma in his com-
mentary on L 213.

58 P, W.
59 EŠ ] Ev W.
60 = L 204.
61 v̂ĄA˚tA ] v̂ĄA˚tr̂ L/ASS, v̂Ą̃ c L/VIS.
62 = L 205. t/̃q̀\ P, L/ASS ] t/̃č\ L/VIS; bAZAĵ P, L/ASS ] bAZ L/VIS.
63 1 (below ‘10’) ] ? P, 0 W.
64 ìyú̃ ] ìy-/̃ P.
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ičAŞAhoy‚, -yAĄ(-pED‚˚yA\ EdfFtro bAh̀,. 65

ìyú̃ ct̀rú̃ vA sA koEV, kFEĄ‚tA t>â{,; F7; 66

t(k̂(yoyo‚gpd\ kZo‚ do,kZ‚vg‚yoEv‚vrAt̂. 67

ḿl\ koEV, koEVŹ̀Etk̂(yor˚trA(pd\ bAh̀,; F8; 68

udAhrZm̂;

koEVŰt̀čy\ y/ do-/y\ t/ kA Ź̀Et,.
koEV\ do,kZ‚t, koEVŹ̀Et<yA\ c B̀j\ vd; FE6; 69

˚yAs,

<५>

३

४

h"̃/ 4i70

yToÄkrZ̃ jAt, kZ‚, 5; iEt ìyúAytm̂;
?

iEt ŹFŹFDrAcAy‚EvrEctgEZtp\cEv\f(yA\
"̃/&yvhAr, smAØ,; 71

KAt&yvhAr̃ ś/m̂. h. i

Gnh-tA, "̃/Pl\ KAt̃ ṽD̃n tAEXtm̂. 24ab.

udAhrZm̂;

E/ṽD̃ Gnh-tA, k̃ þAüú̃ ct̀rúk̃; E21cd; 72

hp. 905i ˚yAs,;

65 ičAŞAhor̂ P, L/VIS ] ičo bAh̀r̂ L/ASS; y, L/ASS, L/VIS ] yt̂ P; t(-pED‚˚yA\ L/ASS
] pAŸ̃‚ _˚ŷ (aAŷ )aA\ P, -pAĹ̃‚ _˚yA\ W, t(smEty‚ĝ L/VIS.
66 = L 135. koEV, L/ASS, L/VIS ] koEt, P.
67 kZo‚L/ASS, L/VIS ] kZo«P; do,kZ‚vg‚yor̂ L/ASS, L/VIS ] do,kZ‚yor̂ P.
68 = L 136.
69 = L/ASS 137 (L/VIS 138). koEV\ P, L/VIS ] koEV, W, koEV L/ASS.

70 P, W.
71 smAØ, in margin W.
72 ìyú̃ ] ìy-/̃ P.
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१३

१४

१५
३ ३

५

५

५ ५

h"̃/ 5 "̃/ 6i73

lND\ Gnh-tA, 252. 75; 74 iEt KAt&yvhAr,;

EcEtĞkc&yvhAr̃ ś/m̂;

uQC~ ỹZ EctO mAg{‚, Ğkc̃ PlmAhtm̂; 24cd; 75

udAhrZm̂;

þAüú̃ ct̀rú̃ c Ţ̀QC~ ỹ Ek\ Pl\ EctO. E22ab. 76

˚yAs,;

१३

१४

१५
२

५

५

५ ५२

h"̃/ 7 "̃/ 8i77

lND\ Gnh-tA, 168. 50; 78

Ğkc&yvhAr̃ udAhrZm̂;

dfd{]y‚E/Ev-tAr̃ mAg{‚, qX̂EB, Pl\ t̀ Ekm̂; E22cd;

˚yAs,;

73 P, W.
74 lND\ W ] lND̃ 2 P.
75 mAg{‚, ] mAg̃‚P; aAhtm̂ ] aAãtm̂ P.
76 þAüú̃ ] EctO ìy-/̃ P.

77 P, W.
78 P puts ‘lND\’ before the figures.
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१०

१०

३

h"̃/ 9i79

mAgA‚, 6. 80 a-y Pl\ Gnh-tA, 180; iEt EcEtĞkc&yvhAr,;

hp. 906i rAEfkA&yvhAr̃ ś/m̂;

rAfO nvA\f, pErD̃, qX̂BAgk̂EttAEXt,. 25ab. 81

udAhrZm̂;

qV̂E/\f(pErDO rAfO kEt -ỳG‚nbAhv,. E23ab. 82

˚yAs,;

३६४

h"̃/ 10i83

lND\ Gnh-tA, 144. etAv˚to mAgDKAy‚,; 84 iEt rAEf&yvhAr,;

CAyA&yvhAr̃ ś/m̂;

sfň̀nAØ̃ fň̂vĹ̃‚ gtf̃q\ Edn\ Bṽt̂; 25cd;

udAhrZm̂;

79 P, W.
80 mAgA‚, ] mAg‚, W.
81 k̂Et ] ỳEt P.
82 kEt ] k̃Et P.

83 P, W.
84 P puts this sentence ‘etAv˚to . . .’, together with numerical figures ‘36’ at the be-
ginning and ‘rbAyA‚’ instead of ‘KAy‚,’ at the end, between the figure and ‘lND\’.
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EsĹA BAčA¡̀l̃ fňO k̃ Ŋ̀f̃qgt̃ tdA; E23cd; 85

˚yAs,; 86 fň̂v¡̀l 8 CAyA¡̀l 24. 87 lND\ Edngtf̃q\ 1
8

iEt Ed

nAnynm̂;

>
hp. 907i CAyAâAñ ś/m̂;

fň̀, þdFptlfň̀tlA˚trÍf̂
CAyA BṽEŠnrdFpEfKOQQyBÄ,; F9; 88

udAhrZm̂;

fň̀þdFpA˚trB́E-/h-tA dFpoEQC~ Et, sAĹ‚kr/yA c̃t̂. 89

fňo-tdAkA‚¡̀ls\Emt-y t-y þBA -yAE(kytF vdAf̀; FE7; 90

˚yAs,;

३

१२

३
१
२

h"̃/ 11i91

lNDAEn CAyA¡̀lAEn 12; iEt CAyAâAnm̂; 92

dFpOQQyâAñ ś/m̂; 93

CAyoĹ̂t̃ t̀ nrdFptlA˚trÍ̃
fňO Bṽàrỳt̃ Kl̀ dFpkOQQym̂; F10; 94

85 EsĹA BA ] EsĹBA P.
86 W repeats the last part of 25cd, ‘f̃q\ Edn\ Bṽt̂’, before ‘˚yAs,’.
87 fň̂v¡̀l ] fň̀ a¡̀l W; CAyA¡̀l ] CAyA a¡̀l W.
88 = L 234. fň̀, P, L/ASS, L/VIS ] fň̀ W; fň̀tlA P, L/ASS, L/VIS ] fň̂vtlA W.
89 fň̀ L/ASS, L/VIS ] fň P.
90 = L 235. t-y L/ASS, L/VIS ] t-yA, P.

91 P, W.
92 âAnm̂; ] âAnm̂; 1 W.
93 dFpOQQy ] dFpoQQy P.
94 = L 236. CAyoĹ̂t̃ P, L/VIS ] CAyAãt̃ L/ASS; dFpkOQQym̂ P, L/ASS ] dFpkoÎm̂ L/VIS.
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udAhrZm̂;

þdFpfň̂v˚trB́E-/h-tA CAyA¡̀l{, qoXfEB, smA c̃t̂;

dFpoEQC~ Et, -yAE(kytF tdA-yA, þdFpfň̂v˚trm̀QytA\ m̃; FE8; 95

˚yAs,; fň̀ 12 CAyA¡̀lAEn 16 fň̀þdFpA˚tr\ h-tA, 3. lND\ dFpOQQy\ 11
4

i(f. 3v)Et dFpOQQym̂;
?

hp. 908i iEt CAyA&yvhAr,; hiEt &yvhArAčkm̂; i

þEtk\c̀krcnApV̀pAfnptn\ n t̃ Bv(vrr̃. 96

ŹFDrrEct\ pW pW gEZtA@yAy\ rEskrMym̂; 26;

>

uĄrt, s̀rEnly\ dE"Zto mlypv‚t\ yAvt̂.
þAgprodEDm@ỹ no gZk, ŹFDrAd˚y,; F11;

?

iEt ŹFŹFDrAcAy‚EvrEctA gEZtp\cEv\fF smAØA; 97

2. TRANSLATION

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .
This is a literal English translation of the text of the GP edited by me in

the foregoing section and neither of the manuscript nor of Pingree’s edi-
tion. A pair of parentheses, (A), indicates that A is either an explanation
or the original Sanskrit word(s) for the preceding word(s). A pair of an-
gular brakets, hAi, means that A has been added by me for smoothing the
English translation. For E, F and S attached to the verse numbers, see the
Notation for the Text.
. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

Now, the terminology (paribhās. ā) hbeginsi.

95 = L 237. tdA-yA, ] vdA__f̀ L/ASS, tTA__<yA\ L/VIS.
96 k\c̀k ] k̀Ñ̀k W; pAfn ] pAf P.
97 Ev\fF smAØA ] Ev\Ef, smAØ W.
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Having bowed to Śiva, Śrı̄dhara teaches the essence of the book of
algorithms (pāt.ı̄ ) composed by him, in twenty-five verses (ślokas) with
clear import. /S1/

Five guñjās shall constitute one mās.a and ‘kings’ (16) mās.as one kars.a.
The same hwhen usedi for gold (suvarn. a) is hcalledi suvarn. a. Four of
these (kars.as) are laid down to be one pala. /S2/

Three guñjās constitute one valla; sixteen of these are laid down to
be one gadyān. aka. /S3ab/

In ha measuring cup calledi kut.apa, the depth is one and a half aṅgulas
and the length and width are three haṅgulas eachi. Four kut.apas make
one prastha, four prasthas one ād. haka, four ād. hakas one dron. a, and
‘kings’ (16) dron. as make one khāri. /S3cd–S4/

Twenty varāt.akas (cowry-shells) make one kākin. ı̄, four of these one
pan. a, sixteen of these one dramma, and sixteen of these make one nis.ka.
/S5/

Three corns of yava placed vertically (i.e. lengthwise) shall consti-
tute one aṅgula, twenty-four of these one kara (cubit), four karas one
dan. d. a, two thousand of these one krośa, and four krośas one yojana.
/S6–S7a/

Ten or eight hastas (cubits) make one vam. śa (bamboo rod). One
nivartana is hthe area ofi the plane figure bound by four hequali arms
(sides) which are made up of twenty of these (vam. śas). /S7bcd/

Eka, daśa, śata, sahasra, ayuta, and then laks.a, prayuta, kot.i, arbuda,
padma, kharva, nikharva, mahāpadma, śaṅku, saritpati, antya, madhya,
and parārddha (1017): these shall be the names hof numbers as well
as of placesi, each of which when multiplied by ten becomes the
succeeding term. /S8–S9/

100000000000000000.

Thus the terminology.

Now hbeginsi the eightfold fundamental operation (parikarma-as.t.aka).
Rule for the sum (saṅkalita) and the difference (vyavakalita).
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The sum or difference hof the digitsi at each hnotationali place hshould
be takeni. In the case of hthe sum or differencei with zero, there shall
be no change./1ab/

Example.

What will be sixty, nine and ‘suns’ (12) when added together? Or, hwhat
will be the remainder when the same arei subtracted from one hun-
dred? /E1ab/

Setting-down: 60, 9, 12. What is produced in the summation is 81. When
one has subtracted this hresulti from one hundred, the remainder is 19.
Thus the sum and the difference.

Rule for the multiplication (gun. ana).

One should multiply the digits of the multiplicand, beginning from the
last hplacei, by the multiplier. /1cd/

Example.

What are ‘mountains-suns’ (127) multiplied by ‘Jaina sages’ (24)? What
are ‘teeth-earth-kings’ (16132) hmultipliedi by ‘three-suns’ (123)?
/E1cd/

Setting-down: multiplicand 127, multiplier 24; multiplicand 16132, multi-
plier 123. The results known from the multiplication: 3048 and 1984236.
Thus the multiplication.

Rule for the division (bhāga-hāra).

In division, that which, multiplied by the divisor, can be cleared (i.e.,
subtracted) from the dividend is the result (quotient). /2ab/

Example. Setting-down, for division, of the result of multiplication previ-
ously obtained and of its own multiplier as the divisor: dividend 3048, di-
visor 24; dividend 1984236, divisor 123. The multiplicands obtained from
the division: 127 and 16132. Thus the division.

Rule for the square (varga) and the cube (ghana).

The product of two equal hnumbersi shall be the square, and the prod-
uct of three equal hnumbersi the cube. /2cd/
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Example.

O friend, what will be the square and cube of nine and of ‘three-suns’
(123)? /E2ab/

>
cu

Setting-down: 1 2 3 4 5 6 7 8 9 1 2 3 4 5 6 7 8 9
1 4 9 16 25 36 49 64 81 1 8 27 64 125 216 343 512 729

?

Setting-down: 9, 123. The two squares produced are 81 and 15129; and the
two cubes 729 and 1860867. Thus the square and the cube.

Rule for the square-root (varga-mūla).

When one has taken away the hlargest possiblei square from the last odd
hplacei, the even hplace next to it on the righti being divided by twice
the root hwhich is placed in a line for the rooti, and when one has taken
away the square of the quotient from its preceding place, one should
place the quotient multiplied by two in the line hfor the rooti. hThe
two operations, viz.i, ‘the even hplace next to it on the righti being di-
vided’ and ‘when one has taken away hthe square of the quotienti,’ are
repeated hand each time twice the quotient obtained is placed in the
line for the rooti. Half of that hnumber which is obtained in the line
for the rooti is the hsquare-iroot. /3–4ab/

Example. Setting-down, for the root, of the two previous squares: 81,
15129. Two roots obtained are 9 and 123. Thus the square-root.

Rule for the cube-root (ghana-mūla).

hIn each triplet of notational placesi, the first is a cube hplacei and a
pair of non-cube hplaces followi. When one has taken away the hlargest
possiblei cube from the last cube hplacei, its root being separately
hplaced in a linei, one should divide its preceding place by thrice the
square hof the rooti and place the quotient in the line hof the rooti.
One should subtract the square of that hquotienti multiplied by three
and by the last hrooti from its preceding hplacei, and also the cube
hof that quotienti from its preceding hplacei. This operation is further
hrepeatedi for obtaining the hcube-iroot. /4cd–6ab/

Example. Setting-down, for the root, of the two previous cubes: 729,
1860867. Two cube-roots obtained are 9 and 123. Thus the cube-root.
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Thus the eightfold fundamental operation composed by the revered
teacher Śrı̄dhara is completed.

Now hbeginsi the eightfold fundamental operation for fractions
(bhinna).

Rule for the sum and the difference of fractions and the part class (bhāga-
jāti ).

For the sake of equal denominators, one should multiply the denomi-
nator and the numerator hof each fractioni by mutual denominators.
The numerators having the same denominator are added together or
subtracted hfrom one anotheri. In the case of an integer (ahara, lit. one
that has no denominator), the denominator shall be unity. /6cd–7ab/

Example.

What are half, one-third and one-fourth added together? Or, hwhat is
the remainder when the same arei removed from three? /E2cd/

Setting-down: 1 1 1
2 3 4

hThe fractionsi obtained with equal denomi-

nators are 6 4 3
12 12 12

By addition is produced 13
12

When one has

subtracted this from three, the remainder is 23
12

Thus the sum and the

difference of fractions.

Rule for the multiplication of fractions and the multi-part class (prabhāga-
jāti ).

In the case of the multi-part hclassi and multiplication of fractions, the
product of the numerators is divided by the product of the denomina-
tors. /7cd/

Example.

What is one-third of a half of a quarter? What is a half multiplied by one-
third? /E3ab/
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Setting-down: 1 1 1
4 2 3

By hthe operation calledi multi-part is pro-

duced 1
24

Multiplicand 1
3

multiplier 1
2

By multiplication is

produced 1
6

Thus the multiplication of fractions.

Rule for the division of fractions.

Having interchanged the numerator and the denominator of the di-
visor, hone should performi a multiplication hof the dividendi by it.
/8ab/

Example. Setting-down, for the division of fractions, of the result of multi-
plication of fractions previously obtained and its own multiplier as the di-
visor: dividend 1

6
divisor 1

3
Quotient 1

2
Thus the division of frac-

tions.

Rule for the square etc. of fractions.

The squares, the cubes, and the hsquare- and cube-iroots of the denom-
inator and numerator hare madei respectively for the square, the cube,
and the hsquare- and cube-iroots hof a fractioni. /8cd/

Example.

What are the square and the cube of three and a half? What are the
hrespectivei roots from them? /E3cd/

Setting-down: 3
1
2

The squares obtained 49
4

and the cubes 343
8

The roots obtained 7 7
2 2

Thus the square etc. of fractions.

Thus the eightfold fundamental operation for fractions is completed.

Now hbegini the hoperations calledi class (jāti).

Rule for the zero class (śūnya-jāti ).

In the case of multiplication by zero, hthe resulti shall be zero. In the
case of the square, cube, etc. of zero halso, the result shall bei zero.
/9ab/
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Thus the zero class.

Rule for the part-increase and the part-decrease classes (bhāgānubandha-
bhāgāpavāha-jāti ).

The numerator is added to, or subtracted from, the integer multiplied
by the denominator hand the numerator is deletedi if the fraction is of
unity. hBut if the fraction is of the preceding quantityi, the denomina-
tor is multiplied by the lower denominator and the numerator by the
same (i.e., the lower denominator) increased or decreased by its own
numerator hand the lower numerator and denominator are deletedi.
/9cd–10ab/

Example.

What is three increased or decreased by one-third? What is three
increased or decreased by one-third of itself? /E4ab/

Setting-down: 3 3

1
�
1

3 3

When these are made into the same color, hthe

resultsi produced are 10 8
3 3

hSetting-downi for the case of ‘its own numerator’: 3 3
1 1

1
�
1

3 3

Produced for

this are 4 and 2.
Thus the fourfold class of part-increase and part-decrease.

Rule for the inverse-problem class (vyastoddeśaka-jāti ).

The positive and negative, the multiplier and divisor, and also the square
and root are inversely happliedi to the seen hquantityi (dr.s. t.a). When its
own part has been added to, or subtracted from, hthe original quantityi,
one should divide hthe seen quantityi by unity increased or decreased
by that part. /10cd–11ab/

Example.

What is that hnumberi which, when decreased by two, multiplied by
three, squared, increased by its own one-third, and divided by three, is
‘kings’ (16)? /E4cd/
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Setting-down: �2, multiplier 3, square 1, its own one-third 1
3

divisor 3,

and visible 16. The quantity produced is 4. Thus the inverse class.

Rule for the optional-number class (is. t.a-jāti ) etc.

The visible hquantityi (dr. śya) is divided by unity which is multiplied, di-
vided, or increased or deceased by part according to the statement hof
the problemi. /11cd/

Example.

What is that hquantityi which, when multiplied by three, divided by five,
increased by one-fifth of that quantity, and divided by ‘seas’ (4), is two?
/E5ab/

Setting-down: Multiplier 3, divisor 5, part of the quantity, positive, 1
5

divisor 4, and visible 2. The quantity produced is 10. Thus the optional-
number class.

Now, an example of the visible-number class (dr. śya-jāti ).

One-sixth hof a flock of parrotsi went to the sky and one-third to the
water; six are seen. How many are those parrots? /E5cd/

Setting-down:
�
1

�
1

6 3
visible 6. The hnumber ofi parrots produced is 12.

Thus the visible-number class.

>
Now, a rule for the remainder class (śes.a-jāti ).

The quantity called visible (prakat.a) should be divided by the product of the
denominators decreased by the hcorrespondingi numerators which (product)
is divided by the product of the denominators. /F1 = GT 67/

?

Example of the remainder class.

When one-sixth hof a flock of parrotsi, a half of the remainder, and
one-third of the remainder from that hremainderi are gone, ten par-
rots hare seeni. /E6ab/
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Setting-down:
�
1
6

remainder’s
�
1
2

remainder’s
�
1
3

visible 10. The

quantity produced is 36.

Or, otherwise, the fractions hgiven here are regarded as thosei for ho-
mogenization of the creeper hof fractionsi by means of the rule of the
partial-decrease hclassi. Setting-down 1

1
�
1
6
�
1
2
�
1
3

From the homogenization by

means of the computation beginning with ‘the denominator is multiplied
by the lower denominator and the numerator .. .’ (10ab), what is pro-
duced 5

18
By this the seen hquantityi is divided. hThe number ofi the

parrots produced is 36.

Or, otherwise, this is solved by means of the rule of inverse operations.
Thus the remainder class.

Now, an example of the difference class (viśles.a-jāti ).

The difference between one-sixth and a half hof a herd of cowsi is lost
and six are seen. What is the total number of the cows? /E6cd/

Setting-down:
�
1

�
1

6 2
difference of this hpairi

�
1
3

visible 6. The total

number produced by means of the computation as told is 9. Thus the dif-
ference class.

>
Rule for the root class (mūla-jāti ).

hThe visible quantity that is the original quantityi increased or decreased by ha
certain number ofi the root hof the original quantityi, is multiplied by four and
increased by the square of hthe number ofi the root; the square-root hfrom the
resulti, when decreased or increased by hthe number ofi the root, halved, and
squared, becomes the answer (phala). /F2/

Example.
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What is that hquantityi which, when decreased by the root, decreased by
one-sixth of the remainder, and increased by the root of the remainder, is
‘sky-Rāmas’ (30)? /FE1/

Setting-down: hroot of the original quantity, negativei
�
1, remainder’s

�
1
6

root of

the remainder, positive, 1, visible 30. The quantity produced is 36. Thus the root
class.

Rule for the seen-root-part class (dr.s. t.a-mūla-am. śa-jāti ).

Now, in the case of the statement in which hthe original quantity isi increased or
decreased by part hof the quantityi, the visible is divided by unity increased or
decreased by that part and the calculation of it (the original quantity) is as above
hin the root classi. hThe number ofi the root also his divided by the samei. This
is when heachi part is of the original quantity. /F3/

Example.

A quantity, when increased by one-‘lunar mansions’-th part (i.e., 1/27), one-
third part, and one-‘Nandas’-th part (i.e., 1/9) of itself as well as by the root,
will be ‘nine-suns’ (129). O skilled one, tell it quickly. /FE2/

Setting-down: 1 1 1
27 3 9

root 1, visible 129. The quantity produced is 81. Thus

the seen-root-part class is completed.

Rule for the tower class (mād. a-jāti ).98

A line of like digits corresponding to heachi floor (bhūmi ) of a tower (mād. a) is
successively divided by the desired number (is. t.a) increased by one. The quotient
hof each divisioni is multiplied by the desired number and, hstarting from the
bottom, successivelyi added to the above. Listen to hthisi wonderful rule taught
by Nārmada99. /F4/

98 The word mād. a is not Sanskrit but either Malayalam or Kannada or Tamil (cf.
also mēd. a in Malayalam, Tamil, and Telugu) and means a tower or a house with mul-
tiple floors or stories. It seems to be used here synonymously with gopura that occurs
in FE3a.
99 It is not certain whether this Nārmada is Padmanābha’s father of the same name
or not. The rare name itself may suggest their identification, but the following con-
sideration is unfavorable to it. According to Pingree 1976, 171b and 1994, 183a,
Nārmada, father of Padmanābha, wrote a Nabhogasiddhi in the latter half of the four-
teenth century; three manuscripts of the work are extant in Varanasi and in Bikaner.
Padmanābha, too, wrote several books on astronomy and on astronomical instru-
ments [?, 170a–172a] and [?, 205b]; many manuscripts of his works are extant, but
their circulation is confined to North India. The family, therefore, seems to have be-
longed to North India. The present ‘rule taught by Nārmada,’ on the other hand,
deals with a problem which is set in a building called gopura; the gopura is a style of
architecture that has been developed in South India as a gateway tower of a Hindu
temple. Moreover, the category of the problem treated here is expressed by the South-
Indian synonym mād. a. This Nārmada, therefore, seems to have belonged to South In-
dia.
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Example.

O disciple, listen hto mei. In a king’s beautiful tower (gopura) with seven floors
(ks.an. a)100 there were hsomei men. On each floor, a man standing below was
hheardi saying in a loud voice, ‘As many of us are here, so many of them came
from the floor habovei, for fear of falling down.’ O friend, tell the number of
persons on each floor (bhūmi ) separately. /FE3/

Setting-down: The same number of men produced separately for each floor
is 64

64
64
64
64
64
64

The number hof meni of each floor produced by means of the said

computation is 127
63
62
60
56
48
32

Thus the tower class.

?

Thus the hchapter on the operations calledi class composed by the
revered teacher Śrı̄dhara is completed.

Now hbegini the three-quantity operation (trairāśika) etc.

Rule for the three-quantity operation etc.

In the three-, five-, seven-quantity operations, etc., hthe corresponding
terms ini the standard and requisite hsidesi are of the same kind (jāti ).
When one has moved the fruit and the denominators hof fractionsi
to the mutually opposite sides, excepting the inverse hthree-quantity
operationi where there is no move of the fruit, the product of the digits
of the side with more numerators divided by the product of the digits
of the side with fewer numerators shall be the fruit. /12-3ab/

100 The word ks.an. a occurs four times in this verse and twice in the prose part that
follows, and in all these cases the meaning ‘floor’ or ‘story’ fits well, although this
meaning cannot be attested in Sanskrit dictionaries (where, usually, ks.an. a stands for a
very small unit of time). It may be either a Sanskritization of an unknown non-Sanskrit
word or a corruption of ks.amā used synonymously with bhūmi of F4a and FE3d, or oth-
erwise a word somehow related to the Sanskrit word ks.on. i/ks.on. ı̄ (‘earth’).
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Example.

One hundred mangos are hobtainedi for six and a half pan. as. How
many of them are hobtainedi for one dramma? /E7ab/

Setting-down: 6 100 16
1
2

Obtained are 246
2
13

pieces of mango fruit.

Thus the three-quantity operation.

Example for the five-quantity operation (pañcarāśika).

The fruit (interest) for one hundred in one and a half months is five.
What is it for sixty in one year? /E7cd/

Setting-down: 3 12
2 1

100 60
5 0

Obtained for the interest is 24. Thus the five-

quantity operation.

Example for the seven-quantity operation (saptarāśika).

If a piece of cloth whose length and width are ten and three respectively
is obtained for eight drammas, what do two pieces, each of which mea-
sures three in width and ‘suns’ (12) in length, obtain? /E8/

Setting-down: 1 2
10 12
3 3
8 0

Obtained is 19
1
5

drammas. Thus the seven-

quantity operation.

Example for the inverse three-quantity operation (vyasta-trairāśika).

Having given ha piece of gold whose purity isi eight varn. as . . . /E9/

hHere begins the lost portion, for which see Table 2 in the Introduction.i

. . . . . . . . .

Now hbegini the eight kinds of procedure.

.. . . . . . . .

. . . /E20/
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. . . . . . . . .

Now, an illustrating figure:
25

39

52

60

189

5

224

5

Figure 1t

The area (phala) of this is 1764.101 Thus the knowledge of quadrilateral
figures (caturasra-ks.etra) is completed.

Rule for the knowledge of circular figures (vr.tta-ks.etra).

The diameter (vyāsa) and the square of the semi-diameter, each multi-
plied by ‘two-twins’ (22) and divided by ‘mountains’ (7), are respectively
the circumference (paridhi ) and the area (phala). /23cd/

Example.

What is the circumference of a circle whose diameter is ten? What is its
true area? /E21ab/

Setting-down:

10

Figure 2t

The circumference hobtainedi is 31
3
7

and its area 78
4
7

Thus the cir-

cular figure.

101 End of the prose comment on the lost E20.
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>
Rule for the computation of the area of a bow (dhanus) (a segment of a circle).

The area of a bow (cāpa) is the arrow (śara) multiplied by half the sum of the
chord (jyā) and the arrow (is.u) and increased by one-‘nails’-th part (i.e., 1/20)
hof itselfi /F5/102

Example.

What is the true area of a bow whose chord and arrow are thirteen and three
respectively. /FE4/

Setting-down:

3 13

Figure 3t
The area of this is 25

1
5

Thus the computation of the area of a bow.

Rule for the computation of the arrow hetc.i

The square-root of the product of the sum and the difference of the chord and
the diameter his takeni. The diameter decreased by that hsquare-rooti and
halved shall be the arrow. The square-root from the diameter decreased and
multiplied by the arrow, when multiplied by two, becomes the chord. When the
square of half the chord is divided and increased by the arrow, they tell hthe
result asi the length of the diameter of the circle. /F6 = L 204/

Example.

O friend, tell the arrow when a chord ending with a circle103 whose diameter is
ten measures six. hAlso telli the chord from the arrow, and the diameter from
the chord and arrow. /FE5 = L 205/

Setting-down: 10 6
1 1

The length of the arrow obtained is 1. When the arrow

is known, the hlength of thei chord obtained is 6. When the chord and the arrow
are known, the diameter of the circle obtained is 10. Thus the computation of the
arrow hetc.i

Rules for oblong (āyata) and trilateral (tryasra).

In a trilateral or a quadrilateral, against an optional arm (bāhu, one of the two
sides orthogonal to each other), another arm (side) that lies in the direction
competing with it (i.e., orthogonal to it) is called the edge (kot.i, upright) by

102 Gan. eśa cites this half Anus.t.ubh verse in his commentary on L 213 and ascribes
it to his father Keśava.
103 Instead of ‘a chord ending with a circle,’ L/ASS reads ‘a chord inside a circle,’
and L/VIS ‘a chord in a circle.’
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experts. /F7 = L 135/ The square-root of the sum of the squares of the two is
the ear (karn. a, hypotenuse); the square-root from the difference between the
squares of the arm and the ear is the edge; and the square-root from the differ-
ence between the squares of the edge and the ear is the arm. /F8 = L 136/

Example.

What is the ear where the edge is four and the arm is three? Tell also the edge
from the arm and ear, and the arm from the edge and ear. /FE6 = L 137/

Setting-down:

3

4
5

Figure 4t
The ear obtained by means of the computation as told habovei is 5, hthe edge 4,
and the arm 3i. Thus trilaterals and oblongs.

?

Thus, the hchapter calledi Procedure for Plane Figures in the
Mathematics in Twenty-Five Verses composed by the revered teacher

Śrı̄dhara is completed.

Rule for the procedure of excavations (khāta).

The hhorizontali plane area of an excavation multiplied by its depth is
the volume in hastas. /24ab/

Example.

In the case of the previous trilateral and quadrilateral, when they have
the depth of three, what is the volume in hastas hfor eachi? /E21cd/

Setting-down:

13

14

15

3

5

5

5 53

Figure 5t Figure 6t

Obtained are 252 and 75 solid hastas. Thus the procedure of excavations.

Rule for the procedure of brick-piling (citi ) and timber-sawing (krakaca).

The area (phala) is multiplied by the height in the brick-piling and by
the hnumber of sawingi routes in the timber-sawing. /24cd/
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Example hfor brick-pilingi.

In the case of the previous trilateral and quadrilateral, when they have
the height of two, what is the fruit (phala) for piling? /E22ab/

Setting-down:

13

14

15

2

5

5

5 52

Figure 7t Figure 8t

Obtained are 168 and 50 solid hastas.

Example for the procedure of timber-sawing.

What is the fruit (phala) for hsawing a planki, whose length and width
are respectively ten and three, along six routes? /E22cd/

Setting-down:
10

3

10

Figure 9t

Routes 6. The fruit (phala) of this is 180 solid hastas. Thus the procedure
of brick-piling and timber-sawing.

Rule for the procedure of heaped-up grain (rāśikā).

In the case of heaped-up grain, one-ninth of the circumference hof the
base of the grain heaped up in the shape of a conei is multiplied by the
square of one-sixth hof the same in order to obtain the volume of the
graini. /25ab/

Example.

In the case of a heaped-up grain whose circumference is thirty-six, what
shall be the volume in bāhus (= hastas)? /E23ab/
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Setting-down:

4 36

Figure 10t

Obtained is 144 solid hastas, which measure the same in Magadha’s
Khārı̄.104

Thus the procedure of heaped-up grain.

Rule for the procedure for shadow (chāyā).

When half the gnomon (śaṅku) is divided by the hshadowi increased by
the gnomon, the elapsed or remaining portion of the daylight (dina)
will be hobtainedi. /25cd/

Example.

The shadow measures ‘Jaina sages’ (24) when the gnomon measures
eight aṅgulas. What is the remaining or elapsed portion of the daylight
at that time? /E23cd/

Setting-down: gnomon 8 aṅgulas, shadow 24 aṅgulas. Obtained is the
elapsed or remaining portion of the daylight 1

8
Thus the computation

of hthe elapsed or remaining portion ofi the daylight.

>
Rule for the knowledge of the shadow.

The gnomon, multiplied by the distance between the feet of the lamp and of
the gnomon and divided by the height of the top of the lamp less the man (i.e.,
gnomon), shall be the shadow. /F9 = L 234/

Example.

If the ground (distance) between the gnomon and the lamp measures three
hastas and the height of the lamp three and a half karas (= hastas), then how
long will be the shadow of that gnomon which measures ‘suns’ (12) aṅgulas?
Tell quickly. /FE7 = L 235/

104 L 7 reads: ‘A twelve-edge solid (i.e., cube) whose width, length and thickness
measure one hasta each is called a solid hasta. The measure of one solid hasta used for
grain is “Magadha’s Khārikā” stipulated in the treatises.’
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Setting-down:

12

3

3
1

2

Figure 11t
The hlength ini aṅgulas of the shadow obtained is 12. Thus the knowledge of the
shadow.

Rule for the knowledge of the height of the lamp (dı̄pa-auccya).

When the gnomon is divided by the shadow, multiplied by the distance between
the feet of the man (gnomon) and of the lamp, and increased by the man, the
height of the lamp will indeed be hobtainedi. /F10 = L 236/

Example.

If the ground (distance) between the lamp and the gnomon measures three has-
tas and the shadow is equal to sixteen aṅgulas hin lengthi, how much will be the
height of the lamp? hAlso,i at that time from this hheighti,105 the distance be-
tween the lamp and the gnomon should be told to me. /FE8 = L 237/

Setting-down: gnomon hin aṅgulasi 12, shadow in aṅgulas 16, distance between the
gnomon and the lamp in hastas 3. The height of the lamp obtained is 11

4
hastas.

Thus the height of the lamp.
?

Thus the procedure for shadow.

hConcluding remark.i

May you not fall in the cunning snares of the works of critics. Read again
and again hthisi textbook on mathematics composed by Śrı̄dhara,
which is delightful to a man of taste. /26/

>

Up to the mountain of gods (i.e., Himalaya) in the North and the Malaya moun-
tain in the South and between the Eastern and Western Seas, there is no math-
ematician other than Śrı̄dhara. /F11/

?

105 Instead of ‘hAlso,i at that time from this hheighti,’ L/ASS reads ‘Tell quickly,’
and L/VIS ‘Likewise, from these two (i.e., the shadow and the height of the lamp).’
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Thus, the Mathematics in Twenty-Five hVersesi composed by the revered
teacher Śrı̄dhara is completed.

3. COMMENTARY

The references to the L in this section are not exhaustive. For the parallel
verses in the L see Table 2 above.

S1: Homage
Just like the first verse of the Tr, this verse also claims that the author is
Śrı̄dhara and that the work is an epitome of his larger work. The god to
whom homage is paid, Śiva, is also common to the two works as well as to
the PG.

S2: Weight, system 1.
In the following tables for the weights and measures, the conversion ratios
printed in italic face indicate that they have actually been given in the texts;
others have been obtained by calculation. The unit names are spelled out
in the first column but in the top row they are abbreviated to fit into the
narrow space.

gu mā ka pa
guñjā 1
mās.a 5 1
kars.a* 80 16 1
pala 320 64 4 1
*One kars.a of gold is suvarn. a.

Exactly the same table occurs in Tr Pb5 = PG 10 and in L 4.

S3ab: Weight, system 2.

gu va ga
guñjā 1
valla 3 1
gadyān. aka 48 16 1

The weight units valla and gadyān. aka do not occur in the Tr and PG. This
table is part of the table of L 3:
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ya gu va dha gha ga
yava 1
guñjā 2 1
valla 6 3 1
dharan. a 48 24 8 1
ghat.aka 84 42 14 1 3

4 1
gadyān. aka 96 48 16 2 1 1

7
1

(The units of system 2 are italicized.)

S3cd–S4: Volume.

Def: Measuring cup for one kut.apa = 3�3�1 1
2 aṅgulas = 13 1

2 cubic aṅgulas.

ku pra ā dro khā
kut.apa 1
prastha 4 1
ād. haka 16 4 1
dron. a 64 16 4 1
khāri 1024 256 64 16 1

Exactly the same table, except for the definition of the kut.apa measure in
S3cd, occurs in Tr Pb6 = PG 11 and in L 8. For Sūrya’s quotation of S3cd
see Hayashi 1995, 246-7.
According to L 7–8,

1024 kud. avas = 1 khār̄ı = 1 cubic hasta,

where hasta is the same as kara, that is, 24 aṅgulas. Hence follows exactly
the same value of kud. ava as above,

1 kud. ava = 13 1
2 cubic aṅgulas.

Srinivasan 1979, 71, says without documentation that Bhāskarācārya’s
kud. ava is defined by ‘a vessel . . . in the shape of a cube measuring 3 1

2

aṅgulas in every dimension.’ This kud. ava is equal to 42 7
8 cubic aṅgulas and

about three times larger than the above kud. ava inferred from L 7–8. I can-
not find the mention of ‘a cube measuring 3 1

2 aṅgulas in every dimension’
in any of Bhāskara’s works.
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S5: Money.

va kā pa dra ni
varāt.aka 1
kākin. ı̄ 20 1
pan. a 80 4 1
dramma 1280 64 16 1
nis.ka 20480 1024 256 16 1

Exactly the same table occurs in L 2. A similar table, without nis.ka, occurs
also in Tr Pb4 = PG 9. It is noteworthy that the name dramma never occurs
in the Tr and PG, which employ purān. a in its instead.

va kā pa pu
varāt.aka 1
kākin. ı̄ 20 1
pan. a 80 4 1
purān. a 1280 64 16 1

S6–S7a: Length.

ya a ka da kro yo
yava 1
aṅgula 3 1
kara 72 24 1
dan. d. a 288 96 4 1
krośa 576000 192000 8000 2000 1
yojana 2304000 768000 32000 8000 4 1

The same table, without yava, occurs in Tr Pb7 = PG 12 and, with 8 yavas =
1 aṅgula, in L 5–6a.

S7bcd: Area.

Def: Measuring rod of one vam. śa (‘bamboo’) = 10 or 8 hastas (or karas).

1 nivartana = area of the square of 20 vam. śas � 20 vam. śas.

Neither this nor any other unit of area occurs in the Tr and PG. It is com-
mon in mathematical works of India that the units of length such as hasta
are employed also for the area. The volume, on the other hand, is some-
times expressed by the term ghana-hasta (‘solid hasta’) but more often sim-
ply by hasta.
The unit nivartana occurs nowhere else in the GP.
L 6bcd gives the same definitions of vam. śa and nivartana as above, al-
though it does not refer to the alternative conversion ratio, 8 hastas.
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Tr Pb8 = PG 13 give a table of time units but the GP, like the L, does not.

S8–S9: Decimal number and place names.
The names as well as the number (18) of the decimal names and places
of the GP are the same as those of Tr Pb2–3 = PG 7–8 and L 10–11 except
for the substitution of several synonyms: abja (Tr, PG, L) for padma (lotus),
mahāsaroja (Tr, PG) for mahāpadma (big lotus), and saritām. pati (Tr, PG)
and jaladhi (L) for saritpati (lord of rivers or sea).

1ab: Sum and difference.
The first quarter of the verse (GP 1a) prescribes the sum and the difference
of integers by means of the decimal place-value notation.
The ‘sum’ (sam. kalita) for which the Tr (1–2) and the PG (14–15) prescribe
rules is not the ordinary sum of integers but that of the first n terms of the
natural series, and the ‘difference’ (vyavakalita) in them (Tr 3–4 = PG 16–
17) is that of the two finite natural series.
The second quarter (GP 1b) gives rules for the addition/subtraction of
zero to/from a number and the addition of a number to zero,

a� 0 = a; 0 + a = a:

Subtraction of a number from zero is probably not intended here. These
rules are no doubt meant for the sum and difference of digits at each dec-
imal place.
Tr 8ab = PG 21ab treat the sum and difference with zero. It is natural that
the Tr and PG give the rules for zero when they prescribes algorithms for
multiplication, since their rules for the ‘sum’ and ‘difference’ are not di-
rectly concerned with the decimal notation.
For multiplication etc. of zero see GP 9ab below.

E1ab: Examples for sum and difference.
The procedure for each example may be reconstructed as follows.

6 0
9

1 2

hSumi 8 1

1 0 0
8 1

hDiff.i 1 9

With regard to the first example for the sum of integers (7 + 8 + 9 + 16 +
93 + 60 + 76 + 50) given in GT 14, the commentator Sim. hatilaka (14th
century) describes the actual procedure for the summation as follows.
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pÓk̃ B́mO vA ṕv« sØ tdDo _čAEv(yAEdĞm̃ZAD, pÑAfŊAvEěEKtAňŹ̃EZ,
ṕv‚&yAHyAtĞmo(ĞmA<yA\ EmEltA. 106 sØm@ỹ E"ØA ačO jAtA,
pÑdf 15. 107 et˚m@ỹ E"ØA nv jAtAŰt̀Ev«fEt, 24. i(yAEdĞm̃Z.
tTADo_ňAt̂. 108 qV̂sØEts(kq�m@ỹ E"ØA-/yo jAtA nv 9. 109 et˚m@ỹ
qV̂"̃p̃ jAtA, pÑdf 15. pÑdf i(yAŊ̀(Ğm̃Z EmEltA, . . .. 110 (GT, pp.
3–4)

On a writing board (pat.t.aka) or on the ground (bhūmi ) is written down
the series of digits: seven at first, eight below it, and so on up to fifty, and
summed up in the direct or inverse order as explained above. The eight
added to the seven becomes fifteen 15; the nine added to it becomes
twenty-four 24, etc. In this way, hthe summation is madei in the direct
order. Similarly, hthe summation may be madei from the lowest digit.
The three hof the ninety-threei added to the six existing in the seventy-
six becomes nine 9; when the six hof the sixteeni is added to it, fifteen
15 is produced; to the fifteen, etc. In this way, they are summed up in
the inverse order.

In this description, the addition to zero, 0 + 6 = 6, and the addition of
zero, 6 + 0 = 6, are not mentioned probably because they are trivial. It
should also be noted that the expression ‘direct or inverse order’ (krama-
utkrama) is concerned with the order of the numbers and not with the or-
der of the digits composing each number, that is, the order of the decimal
places. Thus the procedure may be reconstructed as follows.

7
8
9

1 6
9 3
6 0
7 6
5 0
3 9

3 1

Direct order: Sum of the units’ place = 7 + 8 + 9 +
6 + 3 + 0 + 6 + 0 = 39. Sum of the tens’ place =
1 + 9 + 6 + 7 + 5 + 3 = 31. Total = 319.

Inverse order: Sum of the units’ place = 0 + 6 + 0 +
3 + 6 + 9 + 8 + 7 = 39. Sum of the tens’ place =
3 + 5 + 7 + 6 + 9 + 1 = 31. Total = 319.

106 _čAEv(yAEd ] _čO i(yAEd GT; ElEKtAň ] ElEKtA_ň GT; ṕv‚ ] ṕv« GT.
107 E"ØA ačO ] E"ØA_čO GT.
108 tTADo_ňAt̂. ] tTA aDo_ňAt̂ GT.
109 s(kq�m@ỹ ] s(k6qV̂m@ỹ GT.
110 pÑdf i(yAŊ̂ ] pÑdf̃(yAŊ̂ GT.
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1cd: Multiplication.
This verse prescribes for the multiplication of integers by means of the dec-
imal place-value notation. This method seems to be identical with the one
called kapāt.a-sandhi (‘door-junction’) in the Tr and PG (kavāt.a- in PG). Tr
5–6ab = PG 18–19ab read:

Ev˚y-yADo g̀�y\ kvAVsE˚DĞm̃Z g̀ZrAf̃,.
g̀ZỹEŠlomg(yAǹlommAg̃‚Z vA Ğmf,; Tr 5 = PG 18;
u(sAyo‚(sAy‚ tt, kvAVsE˚DB‚ṽEdd\ krZm̂; Tr E80. Tr 6ab = PG 19ab.

Having placed the multiplicand below the multiplier as in the junction
of two doors, multiply successively in the inverse or direct order,; mov-
ing hthe multiplieri each time. This process is known as kavât.a-sandhi
(“the door-junction method"). (tr. by K. S. Shukla, ‘;’ added by me)

According to this, the multiplication by the kapāt.a-sandhi was made ‘in the
inverse or direct order’ (vilomagatyānulomamārgen. a vā), but the GP refers
to the ‘inverse order’ only. See the phrase ‘the digits of the multiplicand,
beginning from the last hplacei’ (gun. yasyāntyādikān aṅkān). The decimal
places are numbered from the units’ place and therefore the ‘last place’ is
the highest place.

E1cd: Examples for multiplication.

127� 24 = 3048; 16132� 123 = 1984236:

The working process of the first example by means of the kapāt.a-sandhi in
the inverse order may be reconstructed as follows. The product at each step
is written down in the row of the multiplicand. These calculations were, it
should be noted, made on a writing board (a sort of laptop blackboard)
with a piece of chalk or on the ground with a stick and therefore it was easy
to erase or rewrite previously written digits. Here, the digits newly written
down at each step are printed in italic face.

Multiplier: 2 4
Multiplicand: 1 2 7

2 4
1� 2 = 2 : 2 1 2 7

2 4
1� 4 = 4 : 2 4 2 7

Move ‘24’: 2 4
2 4 2 7

2� 2 = 4; 2 4
4 + 4 = 8 : 2 8 2 7 %

2 4
2� 4 = 8 : 2 8 8 7

Move ‘24’: 2 4
2 8 8 7

7� 2 = 14; 2 4
288 + 14 = 302 : 3 0 2 7

7� 4 = 28; 2 4
20 + 28 = 48 : 3 0 4 8
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According to the anonymous commentary on the PG (p. 13), the kapāt.a-
sandhi in the direct order is carried out as follows.

Multiplier: 2 4
Multiplicand: 1 2 7

7� 4 = 28 : 2 4
1 2 7 8
2

7� 2 = 14 : 2 4
2 + 14 = 16 : 1 2 6 8

1

Move ‘24’: 2 4
1 2 6 8

1

2� 4 = 8 : 2 4
16 + 8 = 24 : 1 2 4 8

2 %

2� 2 = 4 : 2 4
2 + 4 = 6 : 1 6 4 8

Move ‘24’: 2 4
1 6 4 8

1� 4 = 4 : 2 4
6 + 4 = 10 : 1 0 4 8

1

1� 2 = 2 : 2 4
1 + 2 = 3 : 3 0 4 8

The above examples show that in the inverse order the calculation can be
carried out in only two rows but that in the direct order a third supplemen-
tary row is necessary. This seems to be the reason the anonymous commen-
tator remarks (PG, p. 14): ‘The kavāt.a-sandhi is easy to do in the inverse
order. Therefore it has been mentioned first hin the versei.’ (vilomagatyā
kavāt.asandhih. sukara eva iti sa eva pūrvamuddis. t.ah. ).
The anonymous author of a commentary on the Tr preserved in A2 tells
us another variation of the kapāt.a-sandhi, which keeps all the intermediate
results of multiplication at each decimal place in supplementary rows as
well as in the row of the multiplicand. His comment on the second example
(896� 37) of Tr E3 reads as follows:

qŻv(yEDkAčftAnA\111 ˚yAs, 3 7
8 9 6

112 u(sAyo‚(sAy‚g̀ZnA>jAt\

3 7
2 4 6 3 2

5 7 8
h2i 6 4

1

Evnč\ ỹn g̀EZt\. a\kyojnAhl i lND\ 33152

(Tr, A2, fol. 5a)

111 aEDkAčftAnA\ ] aEDkAčO ftAnA\ A2.
112 3 7

8 9 6
] 3 7

8 9 6
A2.
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Setting-down of hthe multiplicandi eight hundred and ninety-six
htogether with the multiplier, thirty-seveni 3 7

8 9 6
By the

multiplication with repeated shift hof the multiplieri produced is
3 7

2 4 6 3 2
5 7 8
2 6 4

1

hThati by which hthe multiplicand isi multiplied

(i.e., the multiplier 37) is erased. What is obtained from the summation
of the digits is 33152

The steps of the procedure intended here may be reconstructed as follows.

Multiplier: 3 7
Multiplicand: 8 9 6

8� 3 = 24 : 3 7
2 4 8 9 6

8� 7 = 56 : 3 7
2 4 6 9 6
5

Move ‘37’: 3 7
2 4 6 9 6

5

9� 3 = 27 : 3 7
2 4 6 9 6

5 7
2

9� 7 = 63 : 3 7
2 4 6 3 6

5 7
2 6 %

Move ‘37’: 3 7
2 4 6 3 6

5 7
2 6

6� 3 = 18 : 3 7
2 4 6 3 6

5 7 8
2 6
1

6� 7 = 42 : 3 7
2 4 6 3 2

5 7 8
2 6 4

1

Delete ‘37’: 2 4 6 3 2
5 7 8
2 6 4

1

Add up: 3 3 1 5 2

Tr E3 = PG E3: 1296�21 = 27216, 896�37 = 33152, 8065�60 = 483900.
Tr E4: 987654321� 753 = 743703703713, 6543� 8702 = 56937186.
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2ab: Division.
This verse prescribes for the division of integers by means of the decimal
place-value notation. The verse only refers to the stepwise subtraction of
the product of the divisor and an appropriate number (partial quotient)
from the dividend.
The same rule for division is given in Tr 9 = PG 22, which recommends
that the common factors in the dividend and in the divisor be cancelled
beforehand.

Example (the reverse of E1cd).

3048� 24 = 127; 1984236� 123 = 16132:

According to the anonymous commentary on the PG, the working pro-
cess of the first example may be reconstructed as follows. The quotient ob-
tained at each step is written down above the dividend.

Dividend: 3 0 4 8
Divisor: 2 4

Quotient: 1
3� 2� 1 = 1 : 1 0 4 8

2 4

1
10� 4� 1 = 6 : 6 4 8

2 4

1
Move ‘24’: 6 4 8

2 4

1 2
6� 2� 2 = 2 : 2 4 8

2 4 %

1 2
24� 4� 2 = 16 : 1 6 8

2 4

1 2
Move ‘24’: 1 6 8

2 4

1 2 7
16� 2� 7 = 2 : 2 8

2 4

1 2 7
28� 4� 7 = 0 : 0

2 4

2cd: Square and cube.
This verse reduces the square and the cube of an integer to the multipli-
cation respectively of two and three equal numbers, while the Tr and PG
teach several methods for each, including the same method as well as one
designed specifically for each of the square and the cube. See Tr 10–11 =
PG 23–24 for square and Tr 14–15 = PG 27–28 for cube.
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E2ab: Examples for square and cube.

92 = 81; 1232 = 15129; 93 = 729; 1233 = 1860867:

The ms. also contains a table of the squares and cubes of the natural num-
bers from one to nine but it seems to be a later interpolation.
Tr E5 = PG E4 (square): 12 = 1, 22 = 4, . . . 92 = 81, 252 = 625, 362 =
1296, 632 = 3969, 4322 = 186624, 78022 = 60871204.
Tr E6 =PG E5 (cube): 13 = 1, 93 = 729, 153 = 3375, 2563 = 16777216,
2033 = 8365427.
3–4ab: Square-root.
This verse prescribes an algorithm for obtaining the square-root by means
of the decimal place-value notation.
Tr 12–13 = PG 25–26 prescribe the same algorithm.

Example (the reverse of the first two examples of E2ab).

p
81 = 9;

p
15129 = 123:

The working process of the latter may be reconstructed as follows (o = odd
place).

o o o Root � 2

1 5 1 2 9
1� 12 = 0 : 5 1 2 9 2
5� (2 � 1) � 2 = 1 : 1 1 2 9 2
11� 22 = 7 : 7 2 9 2 4
72� 24 � 3 = 0 : 9 2 4 6
9� 32 = 0 : 0 2 4 6

Here also, the digits newly written down at each step are printed in bold
face. Needless to say, the actual calculation on a laptop blackboard or on
the ground was made in a single row by rewriting the original digits ‘15129’
step by step and by adding the digits for the root successively.

4cd–6ab: Cube-root.
This verse prescribes an algorithm for obtaining the cube-root by means of
the decimal place-value notation.
Tr 16–18 = PG 29–31 prescribe the same algorithm.

Example (the reverse of the last two examples of E2ab).

3
p

729 = 9;
3
p

1860867 = 123:
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The working process of the latter may be reconstructed as follows (c = cube
place).

c c c Root

1 8 6 0 8 6 7
1� 13 = 0 : 8 6 0 8 6 7 1
8� (3 � 12) � 2 = 2 : 2 6 0 8 6 7 1 2
26� 3 � 1 � 22 = 14 : 1 4 0 8 6 7 1 2
140� 23 = 132 : 1 3 2 8 6 7 1 2
1328� (3 � 122) � 3 = 32 : 3 2 6 7 1 2 3
326� 3 � 12 � 32 = 2 : 2 7 1 2 3
27� 33 = 0 : 0 1 2 3

6cd–7ab: Part class and the sum and difference of fractions.

a �c
b d

!
ad �bc
bd bd

!
ad� bc
bd

:
a

b
�

c

d
=

ad� bc

bd

The part class (bhāga-jāti ) is the reduction of fractions having different de-
nominators to fractions having the same denominator (the operation in-
dicated by the first arrow) and the sum and difference are made of those
having the same denominator (the operation indicated by the second ar-
row).
The GP treats the part class in this verse together with the sum and differ-
ence of fractions probably because the only purpose of the former is the
latter, while the Tr and PG treat it separately in the section for the ‘homog-
enization of fraction’ (kalā-savan. ana in Tr and -savarn. a in PG), that is, re-
duction of a composite fraction to a simple one. According to the Tr and
PG, it consists of six types of reduction: (1) part class (Tr 23ab, PG 36),
(2) multi-part class (Tr 23cd = PG 38ab), (3) part-part class (Tr 25ab = PG
38cd), (4) part-increase class (Tr 24 = PG 39), (5) part-decrease class (PG
40)113, and (6) part-mother class (Tr 25 = PG 42).
Tr 19 = PG 32 treat the sum and difference of fractions. It is also noted
there that the denominator of an integer (acchedana, lit. ‘one that has no
denominator’) should be unity.
Note that in the following example not the product but the least common
multiple of all denominators is taken to be the common denominator.

113 The Tr does not have this verse in its proper place although half a verse identical
with PG 40ab is cited in the solution of Tr E7.
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E2cd: Examples for the part class and the sum and difference of fractions.

1 1 1
2 3 4

!
6 4 3
12 12 12

!
13
12

3
�

13
1 12

! 36
�

13
12 12

!
23
12

Tr E7 = PG E6 (sum): 1
4 + 1

3 + 1
6 + 1

12 = 5
6 , 2 1

2 + (3� 1
4) + 6 = 45

4 .
Tr E8 = PG E8 (difference): 1� 1

2 �
1
3 �

1
6 = 0, 5� (3� 1

2)� 2 1
3 = 1

6 .
Tr E13 = PG E14 (part class): 1

2 + 1
3 + 1

4 + 1
5

+ 1
6 + 2

3 + 3
4 + 4

5
+ 5

6 + 6
7

+ 7
8 + 8

9 =

7 305
2520

.

7cd: Multi-part class and multiplication of fractions.

a1 a2 � � � an
b1 b2 � � � bn

!
a1a2 � � � an
b1b2 � � � bn

:
nY

i=1

ai
bi

=

Qn
i=1 aiQn
i=1 bi

The ‘multi-part class’ (prabhāga-jāti ) is expressed as a1
b1

’s a2
b2

’s . . . an
bn

while
‘multiplication’(gun. ana) as a1

b1
multiplied by a2

b2
multiplied by ... multi-

plied by an
bn

.
In this half verse the GP treats the multi-part class together with the multi-
plication of fractions since the arithmetical procedure is the same in both,
while the Tr and PG treat it separately in the section for the ‘homogeniza-
tion of fractions.’ See under GP 6cd–7ab above.
Tr 20ab = PG 33ab treat the multiplication of fractions.

E3ab: Examples for the multi-part class and the multiplication of fractions.

Multi-part class:
1 1 1
4 2 3

!
1
24

Multiplication:
1 1
3 2

!
1
6

Tr E9 (multiplication): 3 1
2 � 1 1

4 = 35
8 , 1

2 �
1
4 = 1

8 .
PG E10 (multiplication): 2 1

2 � 1 1
2 = 3 3

4 , 60 1
3 �

5
2 = 150 5

6 .
Tr E14 (multi-part class): 1� 1

2 + (1� 1
2)� 1

3 + f(1� 1
2)� 1

3g�
1
5

of kākin. ı̄
= 14 varāt.akas.
Tr E15 (multi-part class): 2 1

2 �
1
4 + 3� 1

16 + 1
8 �

3
10 = 68

80 .
PG E15 (multi-part class): 1

2 �
1
2 �

1
4 + 1

3 �
1
5
� 1

6 �
1
10 +2 1

2 �
1
6 �

1
7

= 3103
25200

.
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8ab: Division of fractions.
a c
b d

!
a d
b c

!
ad
bc

:
a

b
�

c

d
=

a

b
�

d

c
=

ad

bc
:

Tr 20cd = PG 33cd give the same rule for division.

Example (the reverse of the second example of E3ab).

1 1
6 3

!
1 3
6 1

!
1
2

Tr E10 = PG E11: 6 1
4 � 2 1

2 = 2 1
2 , 60 1

4 � 3 1
2 = 17 3

14 .

8cd: Square etc. of fractions.

a
b
! square

a2

b2 :
�a
b

�2
=

a2

b2
;

a
b
! cube

a3

b3 :
�a
b

�3
=

a3

b3
;

a
b
! square-root

p
ap
b

:

r
a

b
=

p
a
p
b
;

a
b
! cube-root

3
p
a

3
p
b

: 3

r
a

b
=

3
p
a

3
p
b
:

Tr 21–22 = PG 34–35 give the same rules in the following order: square,
square-root, cube, cube-root.

E3cd: Examples for the square etc. of fractions.

3
1
2

!
7
2
! square

49
4

;
3
1
2

!
7
2
! cube

343
8

49
4
! square-root

7
2
;

343
8
! cube-root

7
2

Tr E11 = PG E12 (square): (2 1
2)2 = 6 1

4 , (5 1
4)2 = 27 9

16 , ( 1
2)2 = 1

4 , ( 1
3)2 =

1
9 .
Tr E12 = PG E13 (cube): (7 1

2)3 = 421 7
8 , (15 1

4)3 = 3546 37
64 , ( 1

4)3 = 1
64 ,

( 1
3)3 = 1

27
.

In the Tr and PG also, the examples for the square-root and cube-root are
the reverse cases of the examples for the square and cube.

9ab: Zero class.

a� 0 = 0� a = 0; 02 = 0; 03 = 0; etc.
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Here, ‘etc.’ seems to imply ‘square-root’ and ‘cube-root’. Divisions of zero
and by zero are not mentioned here probably because they are not neces-
sary in the arithmetical computation by means of the decimal notation.
Tr 8cd = PG 21cd give similar rules for zero.
For the sum and difference with zero see GP 1ab above.

9cd–10ab: Part-increase/decrease class.

Part of unity:
a
�b
c
!

ac� b
c

: a�
b

c
=

ac� b

c

Part of oneself:

a
b
�c
d

!
a(d� c)

bd
:

a

b
�

a

b
�
c

d
=

a(d� c)

bd

Tr 24 = PG 39 give the rules for the part-increase class and PG 40 for the
part-decrease class. The Tr edited by Dvivedı̄ does not have a verse corre-
sponding to PG 40 but cites in the prose commentary on Tr E7 a verse
which consists of PG 39ab (= Tr 24ab) and PG 40ab.

E4ab: Examples for the part-increase/decrease class.

3
1
3

!
3� 3 + 1

3
!

10
3

: 3 +
1

3
=

10

3

3
�
1
3

!
3� 3� 1

3
!

8
3

: 3�
1

3
=

8

3

3
1
1
3

!
3� (3 + 1)

3
!

4
1

:
3

1
+

3

1
�

1

3
=

4

1

3
1
�
1
3

!
3� (3� 1)

3
!

2
1

:
3

1
�

3

1
�

1

3
=

2

1

For the expression ‘made into the same color’ (savarn. ite) that occurs in the
prose part, see 6cd–7ab above.

Tr E16 = PG E18 (part of unity): 1 1
2 + 5 1

4 + 8 1
3 = 3

2 + 21
4 + 25

3 = 15 1
12 .
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Tr E17 = PG E19 (part of oneself): 3 1
2 + (3 1

2) � 1
4 + f(3 1

2) � 1
4g �

1
6 + 1

2 + 1
2 �

1
3 + ( 1

2 �
1
3) � 1

4 = 245
48 + 5

6 = 5 15
16 .

10cd–11ab: Inverse-problem class.

x� a = b ! x = b� a; x� a = b ! x = b� a;

x� a = b ! x = b� a; x2 = a ! x =
p
a;

p
x = a ! x = a2; x�

a

b
� x = c ! x =

c

1� a=b
:

The Tr edited by Dvivedı̄ does not treat this topic. PG 78 gives the same
rules except the last. It is noteworthy that the L (48–49) gives the same rules
including the last one.

E4cd: Example for the inverse-problem class.
Statements of the problem:

x1 � 2 = x2; x2 � 3 = x3; x2
3 = x4; x4 +

1

3
x4 = x5; x5 � 3 = 16:

Solution (reconstructed): Apply the rule of the inverse operations in-
versely (10cd–11ab).

x5 = 16� 3 = 48; x4 =
48

1 + 1=3
= 36; x3 =

p
36 = 6;

x2 = 6� 3 = 2; x1 = 2 + 2 = 4:

PG E102: x1 �
5
2 = x2 , x2 � 3 = x3 , x2

3 = x4 , x4 + 9 = x5 ,
p
x5 = x6 ,

x6 � 1 = 4. x1 = 4 4
5

.

11cd: Optional-number class.
Type of problem: a linear equation in a single unknown number whose
statements can be reduced to the form ax without a constant.
Rule: Assume the unknown quantity to be unity, calculate according to
the statements of the problem, and divide the ‘visible quantity’ (given
constant) by the result of the calculation.

This is a special case of the ‘optional-number operation’ (is. t.a-karman) or
the so-called regula falsi. Given the relationship ax = b, calculate the left-
hand side of the equation for any optional number (say p): ap = q . Then,
x is obtained by x = bp=q . In the present rule, the ‘optional’ number (p)
is always assumed to be unity and therefore it is not necessary to multiply
the visible quantity (b) by the optional number.
The Tr and PG do not treat this topic. L 51 gives a general rule for the
optional-number operation.
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It is noteworthy that the GP gives four examples for this rule in exactly the
same manner as the L; that is, in both works, the first example (GP E5ab,
L 52) is designed for the optional-number class itself but the other three
are originally designed respectively for the visible-number class (GP E5cd,
L 53), the remainder class (GP E6ab, L 54), and the difference class (GP
E6cd, L 55). Interestingly, the problems of L 53 and 54 are solved in the
prose commentary by assuming the optional number to be unity just as in
the GP. Moreover, in the prose part of L 54 exactly the same three kinds of
solutions as in the GP are mentioned. See GP E6ab below.
Immediately before the example of the remainder class (E6ab), a verse
(F1) which prescribes an algorithm specifically designed for that class is
given. But it is identical with the verse of GT 67 of Śrı̄pati and is not used
in the solution of E6ab. This proves that the verse (F1) is a later interpola-
tion.

E5ab: Example of the optional-number class; purely numerical.
Statements of the problem:

x1 � 3 = x2; x2 � 5 = x3; x3 +
1

5
� x1 = x4; x4 � 4 = 2:

Solution (reconstructed): Assume x1 = 1 and calculate according to the
statements.

1� 3 = 3; 3� 5 =
3

5
;

3

5
+

1

5
� 1 =

4

5
;

4

5
� 4 =

1

5
:

Hence follows:

x1 = 2�
1

5
= 10:

L 52 (number): x1 � 5 = x2 , x2 �
1
3 � x2 = x3 , x3 � 10 = x4 , x4 + 1

3 � x1 +
1
2 � x1 + 1

4 � x1 = 70� 2. x1 = 48.

E5cd: Example of the visible-number class; parrots.
Statement of the problem:

x�
x

6
�

x

3
= 6:

Solution (reconstructed): Assume x = 1 and calculate according to the
statements.

1�
1

6
�

1

3
=

1

2
:

Hence follows

x = 6�
1

2
= 12:

Tr E23 (pillar): x� x
2 �

x
6 �

x
12 = 2 hastas. x = 8 hastas.
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Tr E24 (pillar): x� x
2 �

x
9 �

x
8 �

x
6 = 49 aṅgulas. x = 21 hastas.

Tr E25 (pillar): x� x
2 �

x
12 �

x
6 = 1 1

2 hastas. x = 6 hastas.
Tr E26 (pearls): x� x

3 �
x
5
� x

6 �
x
10 = 6. x = 30.

Tr E27 (elephants): x�( x2 + x
2 �

1
3)�( x6 + x

6 �
1
7
)�( x8 + x

8 �
1
9) = 4. x = 1008.

Tr E28 (wasps): x� x
6 �

x
3 �

x
4 �

x
5
� x

30 = 1. x = 60.
Tr E29 (number): x�( x4 + x

4 �
1
4)�( x3 + x

3 �
1
3)�( x

5
+ x

5
� 1

5
) = 11. x = 3600.

PG E96 (pillar): x� x
4 �

x
3 �

x
6 = 3 hastas. x = 12 hastas.

L 53 (lotus flowers): x� x
3 �

x
5
� x

6 �
x
4 = 6. x = 120.

Tr 27cd and PG 74ab prescribe an algorithm each for this type of problems
which Śrı̄dhara calls stambha-uddeśaka (‘pillar-problem’). The L treats the
above problem (L 53) as an example for the optional-number operation.

F1: Remainder class (Śrı̄pati’s verse, GT 67, p. 44, line 11, is cited).
Type of problem:

x1 �
a1

b1
� x1 = x2; x2 �

a2

b2
� x2 = x3; : : :; xn �

an
bn
� xn = c:

Rule:

x1 = c�

²�
nY

i=1

(bi � ai)

�
�

�
nY

i=1

bi

�¦
:

This rule is used neither in the next example (E6ab) which is designed for
the remainder class nor in any other examples of the GP. See above under
11cd.

E6ab: Example of the remainder class; parrots.
Statements of the problem:

x1 �
1

6
x1 = x2; x2 �

1

2
x2 = x3; x3 �

1

3
x3 = 10:

Solution 1 (reconstructed) by the rule of the optional-number class
(11cd): Assume x1 = 1 and calculate according to the statements.

1�
1

6
� 1 =

5

6
;

5

6
�

1

2
�

5

6
=

5

12
;

5

12
�

1

3
�

5

12
=

5

18
:

Hence follows

x1 = 10�
5

18
= 36:

Solution 2 by the rule of the optional-number class (11cd) with the help of
the rule of the part-decrease class (10ab): Assume x1 = 1=1 and apply the
rule of the part-decrease class.
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1
1
�
1
6
�
1
2
�
1
3

! 5
6
�
1
2
�
1
3

! 5
12
�
1
3

! 10
36

! 5
18

The rest is the same as above.
Solution 3 (reconstructed) by the rule of the inverse operations (10ab–
11cd):

x3 =
10

1� 1=3
= 15; x2 =

15

1� 1=2
= 30; x1 =

30

1� 1=6
= 36:

F1, which is placed immediately before this example, would solve the same
problem as follows, but this solution is not even mentioned in the text.

x1 = 10� f(6� 1)(2� 1)(3� 1)� (6 � 2 � 3)g = 36:

PG E97 (number): x1�
1
2x1 = x2 , x2�

2
3x2 = x3 , x3�

3
4x3 = x4 , x4�

4
5
x4 =

3. x1 = 360.
L 54 (money): x1�

1
2x1 = x2 , x2�

2
9x2 = x3 , x3�

1
4x3 = x4 , x4�

6
10x4 = 63

nis.kas. x1 = 540 nis.kas.

The Tr does not treat this type of problems. The PG solves the above prob-
lem (E97) by the same rule as that for the pillar problems (see under GP
E5ab above) after rewriting the statements of the problem. The L treats the
above problem (L 54) as an example for the optional-number operation.

E6cd: Example of the difference class; cows.
Statement of the problem:

x�
�x

2
�

x

6

�
= 6:

Solution (reconstructed): Calculate the difference of the two fractions,

x�
x

3
= 6;

and to this, as in E6ab, apply either the optional-number class or the
optional-number class with the part-decrease class or the inverse-operation
class. The answer is 9.

PG E98 (cows): x� x
2 �

x
4 � ( x2 �

x
4)� 2� 5 = 3. x = 20.

L 55 (black bees): x� x
5
� x

3 � ( x3 �
x
5
)� 3 = 1. x = 15.
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The Tr does not treat this type of problems but PG 74cd prescribes an al-
gorithm for the above problem (E98). The L treats the above problem (L
55) as an example for the optional-number operation.

F2: Root class.
Type of problem:

x� a
p
x = b:

Rule:

x =

 p
4b + a2 � a

2

!2

:

The Tr does not treat this problem but PG 75 gives the same formula for the
negative sign. L 65 prescribes a formula equivalent to the above for both
signs.

FE1: Example for the root class; purely numerical.
Statements of the problem:

x1 �
p
x1 = x2; x2 �

1

6
x2 = x3; x3 +

p
x3 = 30:

Solution (reconstructed): By the root class,

x3 =

 p
4� 30 + 12 � 1

2

!2

= 25:

Either by the optional-number class or by the optional-number class
with the part-decrease class or by the remainder class or by the inverse-
operation class, x2 = 30. Again by the root class, x1 = 36.

PG E99 (number): x1�
p
x1 = x2 , x2�

1
6x2 = x3 , x3�

p
x3 = x4 , x4�

1
5
x4 =

x5 , x5 � 2
p
x5 = 8. x1 = 36.

L 67 (swans): x� 7
2

p
x = 2. x = 16.

L 68 (number): x + 9
p
x = 1200 + 40. x = 961.

F3: Seen-root-part class.
Type of problem:

x�
a

b
� x� c

p
x = d:

Rule: Rewrite the problem as

x�
c

1� a=b
�
p
x =

d

1� a=b
;

and to this apply the root class (F2).
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The Tr does not treat this problem but PG 76 gives an algorithm obtained
by applying the root class to the above equation. L 66, like F3, advises to
apply the root class after rewriting the statement of the problem.

FE2: Example for the seen-root-part class; purely numerical.
Statement of the problem:

x +
1

27
x +

1

3
x +

1

9
x +
p
x = 129:

Solution (reconstructed): The three fractions are added up,

x +
13

27
x +
p
x = 129;

and to this the seen-root-part class is applied.

x =

0BB@
r

4 �
�

129� 40
27

�
+
�

1� 40
27

�2
� 1� 40

27

2

1CCA
2

= 81:

PG E100 (monkeys): x� ( x3 + x
3 �

1
3)�

p
x = 2: x = 9.

L 69 (swans): x� 10
p
x� 1

8x = 2� 3. x = 144.
L 70 (arrows): x� 4

p
x� x

2 = 6 + 3 + 1. x = 100.
L 71 (wasps): x�

p
x=2� 8

9x = 2. x = 72.
L 72 (number): x + 18

p
x + x

3 = 1200. x = 576.

F4: Tower class.
Type of problem: Let n be the number of the floors of a tower and xi the
number of persons on the i-th floor at the beginning. From the i-th floor
persons equal in number to an a-th part of the number of persons on the
(i� 1)-th floor simultaneously move to the (i� 1)-th floor with the result
that the number of persons on every floor becomes equal (y). Naturally,
xi , y and a are integers.

xn �
xn�1

a
= y;

xn�1 +
xn�1

a
�

xn�2

a
= y;

...

x2 +
x2

a
�

x1

a
= y;

x1 +
x1

a
= y:
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Rule: Let us assume that a solution for y (say b) has already been obtained.
The verse prescribes an algorithm for obtaining xi , which may be para-
phrased as follows (cf. the table below). (1) Put b n-times vertically. (2) Di-
vide the i-th term from the bottom by (a+ 1)i (except the topmost term).
(3) Multiply each term by a. (4) Starting from the bottom, add each term
to the immediately above. (5) Divide the topmost term by a (this is not
stated in the verse). The results are solutions for xi . In this rule, a is called
the ‘desired hnumberi’ (is. t.a) and b ‘like digits’ (sadr. śa-aṅka).

(1) (2) (3) (4) and (5)

b b ab b + b
(a+1) + b

(a+1)2 + � � �+ b
(a+1)n�1 = xn

b b
(a+1)n�1

ab
(a+1)n�1

ab
(a+1) + ab

(a+1)2 + � � �+ ab
(a+1)n�1 = xn�1

...
...

...
...

...
b b

(a+1)2
ab

(a+1)2
ab

(a+1) + ab
(a+1)2 = x2

b b
(a+1)

ab
(a+1)

ab
(a+1) = x1

This algorithm can be obtained by solving the above mentioned n equa-
tions for xi inversely:

x1 =
ay

a + 1

x2 =
ay

a + 1
+

x1

a + 1
=

ay

a + 1
+

ay

(a + 1)2

...

xn�1 =
ay

a + 1
+

xn�2

a + 1
=

ay

a + 1
+

ay

(a + 1)2
+ � � �+

ay

(a + 1)n�1

xn = y +
xn�1

a
= y +

y

a + 1
+

y

(a + 1)2
+ � � �+

y

(a + 1)n�1

From this it is also obvious that y must be a multiple of (a+ 1)n�1 in order
that every xi is an integer, although this is not stated in the verse.

The same rule (F4) together with the same example (FE3) and the answer
in a column are found on the obverse of the first folio of one of the Baroda
manuscripts (B2) of the Triśatikā. For B2 see under Śrı̄dhara-Triśatikā in the
Bibliography.
It was customary for a scribe to begin his copying a Sanskrit work on the
reverse side of the first folio (1b), leaving its obverse (1a) blank. In the
present case also, the Triśatikā begins on fol. 1b and the stuff on 1a is writ-
ten by a hand different from that of the main work. The text of the main
work is separated from the left and the right margins by a double vertical
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line on each side but the text on 1a is not. It is therefore very likely that
someone, possibly the previous owner of the manuscript (Yati Hemacan-
dra Jı̄, Baroda) or a related person, copied this rule and the example from
some other source just as a casual memo.

Another set of a rule and an example for the tower class is found in a Patan
manuscript (H2) of the Triśatikā. For its text and translation see the Ap-
pendix.
The rule, which is totally different from F4, may be paraphrased as follows
(cf. the chart below). (1) Divide any optional number (is. t.a, say b) by the
multiplier (a) plus one. (2) Put the quotient below and multiply it by the
multiplier. (3) Also put the same quotient above and add the desired num-
ber (b) to it. (4) To the sum repeatedly apply the same calculations, that
is, (i) division by (a+1) [indicated by a right arrow in the chart], (ii) mul-
tiplication by a [a right arrow down] and (iii) addition of b [a right arrow
up]. (5) Reduce the fractions obtained and b into those having equal de-
nominators and delete the denominators. The results are the solutions for
xi and y . In this rule, a is called the ‘multiplier’ (gun. a) and b the ‘optional
hnumberi’ (is. t.a).

b
(a+1)n�1 + � � �+ b

(a+1) + b = xn

%
b

(a+1) + b! � � �

% &

b! b
a+1

ab
(a+1)n�1 + � � �+ ab

(a+1) = xn�1

&
ab

(a+1) = x1

Step (5) is necessary because here the results (x1; x2; : : :; xn) of Step (4) are
not integers unless the optionally chosen number b is a multiple of (a +
1)n�1 .

Among the manuscripts of the Triśatikā available to me (see the Bibliogra-
phy), only H2 contains this rule. Moreover, H2 is affected with interpola-
tions in places. It is very likely that this rule is also an interpolation.

FE3: Example for the tower class; a tower having seven floors.
Statements of the problem:

x7 � x6 = y;

x6 + x6 � x5 = y;

x5 + x5 � x4 = y;
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...

x2 + x2 � x1 = y;

x1 + x1 = y:

Solution (reconstructed): Since n = 7 and a = 1, let y = (1 + 1)7�1 = 64.
Then,

(1) (2) (3) (4) and (5)

64 64 64� 1 = 64 (63 + 64)=1 = 127 = x7

64 64=26 = 1 1� 1 = 1 62 + 1 = 63 = x6

64 64=25 = 2 2� 1 = 2 60 + 2 = 62 = x5

64 64=24 = 4 4� 1 = 4 56 + 4 = 60 = x4

64 64=23 = 8 8� 1 = 8 48 + 8 = 56 = x3

64 64=22 = 16 16� 1 = 16 32 + 16 = 48 = x2

64 64=2 = 32 32� 1 = 32 32 = x1

Example in the Patan Ms. HJJM 10728 (see the Appendix).

x5 �
x4

2
= y;

x4 +
x4

2
�

x3

2
= y;

x3 +
x3

2
�

x2

2
= y;

x2 +
x2

2
�

x1

2
= y;

x1 +
x1

2
= y:

Solution (reconstructed): n = 5 and a = 2. Let, for example, b = 1 and
apply the given algorithm.

121
81 = x05

%
40
27
! 40

81
% &

13
9 !

13
27

80
81 = x04

% &
4
3 !

4
9

26
27

= 78
81 = x03

% &

b = 1! 1
3

8
9 = 72

81 = x02
&

2
3 = 54

81 = x01
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Delete the denominators 81’s and a set of solutions is obtained: fxig =
f81x0ig = f54; 72; 78; 80; 121g and y = 81b = 81.

12-3ab: (2n + 1)-quantity operation.
When the quantity (y) of a certain category (for example, price) is propor-
tionate to the quantity (xi) of each of n categories (for example, length,
width, weight, number, etc.), and if y = b when xi = ai for all i’s, then

y =
b
Qn

i=1 xiQn
i=1 ai

:

The computation is carried out as follows.
(1) The ‘standard’ (pramān. a, ai) and the ‘requisite’ (icchā, xi) of each cat-
egory are put side by side and at the bottom of the columns the ‘standard-
fruit’ (pramān. a-phala, b) and the ‘requisite-fruit’ (icchā-phala, y) are also
put.

a1 x1

a2 x2
...

...
an xn
b y

(2) The two ‘fruits’, b and y , are exchanged, where the unknown y is ex-
pressed either by a vacant place or by a bindu (dot) that indicates a vacant
place. (3) The denominators of fractions, if any, are mutually moved to the
opposite side. (4) The product of the terms of ‘the side with more numer-
ators’ (the side of xi in this case) is divided by the product of the terms of
‘the side with fewer numerators’ (the side of ai in this case).
This rule includes the three-quantity operation:

a1 x1

b y
!

a1 x1

y b
! y =

bx1

a1
;

but the nyāsa (‘setting-down’) for the accompanying example (E7ab) ar-
ranges the three terms horizontally in the usual manner:

a1 b x1 ! y =
bx1

a1
:

In the case of the inverse three-quantity operation, the two ‘fruits’ are not
exchanged but the rule about the division is applied here also.

a1 x1

b y
! y =

a1b

x1
:
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This is usually expressed as follows.

a1 b x1 ! y =
a1b

x1
:

As the example for the inverse three-quantity operation (E9) is lost, it is
impossible to know which style its nyāsa has employed.

Tr 29 = PG 43 prescribe for the three-quantity operation, Tr 30 = PG 44cd
for the inverse three-quantity operation, and Tr 31 = PG 45 for the five-
quantity operations etc. PG 44ab treats the ‘going forward and backward’
(gati-nivr. tti) type of problems, stipulating an advance calculation of the
daily increase of the distance, property, etc.
L 73 prescribes for the direct and inverse three-quantity operation and L
82 for the five-quantity operation etc.

It is noteworthy that the present rule includes all the (2n + 1)-quantity
operations beginning with the three-quantity operation and even the in-
verse three-quantity operation. This means that not only the five-quantity
operation etc. but also the three-quantity operation and the inverse three-
quantity operation employ the vertical two-column arrangement of the
given (2n + 1) terms. On the other hand, most Sanskrit texts includ-
ing the Tr, PG and L employ the horizontal arrangement for the direct
and inverse three-quantity operations and the vertical arrangement for
the rest. The only other text that prescribes the vertical two-column ar-
rangement for the three-quantity operation also is the BSS (12.11cd–12)
which is known to be the first that gave the rules in such a way that we
can infer the arrangement of the given terms. But the BSS (12.10–11ab)
also allows the horizontal arrangement for the direct and inverse three-
quantity operations and this arrangement became more popular for the
three-quantity operations than the vertical one in later India. Interestingly,
al-Bı̄rūnı̄ (11th century) refers to the vertical two-column arrangement
for the three-quantity operation. For a lucid exposition of the history of
the three-quantity operation see Sarma 2002.

E7ab: Example for the three-quantity operation; mango fruit.
According to the rule of GP 12-3ab, the solution should be as follows.

pan. as 13
2

16
1

mango 100 �
!

13 16
1 2
� 100

!
16� 2� 100

13� 1
= 246

2

13
pieces:
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But the nyāsa of this example put the three terms as usual in three cells
arranged horizontally, which implies the following computation.

6 100 16
1
2

!
100� 16

6 1
2

= 100� 16�
2

13
= 246

2

13
:

Hereafter I express a three-quantity operation a b x as (a; b; x) and the two
categories of quantity as ‘weight-money’ etc.

Tr E30 = PG E25 (sandal wood, weight-money): (1 pala 1 kars.a, 10 1
2 pan. as,

9 palas 1 kars.a) = 4 purān. as 13 pan. as 2 kākin. ı̄s 16 varāt.akas.
Tr E31 = PG E26 (black pepper, money-weight): (1 1

4 pan. as, 1 1
3 palas, 10� 1

3

pan. as) = 10 palas 1 kars.a 3 mās.as 4 5
9 guñjās.

Tr E32 (grain, money-volume): (100 1
3 coins,114 60 1

2 khār̄ıs, 1 coin) = 9
dron. as 2 ād. hakas 2 prasthas 1 139

301 kud. avas.
Tr E33 = PG E27115 (grain, volume-money): (1 1

2 dron. as 3 kud. avas, 8 coins,
1 khār̄ı 1 dron. a) = 87 91

99 coins.
Tr E34 = PG E29 (gold, weight-money): (1 suvarn. a, 70 1

3 coins, 1� 1
10 mās.a)

= 3 153
160 coins.

Tr E35 = PG E30 (a man’s walk, length-time): (8 yojanas, 1
3 day, 100 yojanas)

= 8 months 26 2
3 days.116

Tr E36 = PG E31 (a worm’s crawl, length-time): ( 1
8 aṅgula, 1

4 day, 10 yo-
janas) = 33600 years.117

Tr E37 (commission of surety, money-money): ‘When the commission of
surety is six percent separately, what will it be for one thousand coins in-
clusively?’ (106 coins, 6 coins, 1000 coins) = 56 32

53
coins.

Tr E38 = PG E34 (pearls and necklaces, number-number and number-
number).118 Tr: (1 necklace, 8 pearls, 20 necklaces) = 160 pearls, (6 pearls,
1 necklace, 160 pearls) = 26 2

3 necklaces. PG: (8 pearls, 20 necklaces, 6
pearls) = 26 2

3 necklaces.

114 Śrı̄dhara often uses the word rūpa for prices of commodities in his examples in
the Tr and PG. Following K. S. Shukla (p. 24 of his translation of the PG), I regard it
as a synonym of rūpaka meaning a coin of any denomination.
115 The verbal expression of PG E27cd is different from that of Tr E33cd. Here, the
sign of equation means the numerical equality.
116 30 days = 1 month.
117 360 days = 1 year.
118 The Tr takes up this problem twice: here under the three-quantity operation
and in Tr E40 under the inverse three-quantity operation. Here, it is solved by means
of two successive three-quantity operations. On the other hand, the PG treats it only
as an example for the inverse three-quantity operation.
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Tr E39 = PG E36 (gold, weight-purity and purity-weight).119 Tr: (1 suvarn. a,
16 varn. as, 168 suvarn. as) = 2688 varn. as, (11 varn. as, 1 suvarn. a, 2688 varn. as)
= 244 suvarn. as 5 mās.as 4 1

11 guñjãs. PG: (16 varn. as, 168 suvarn. as, 11 varn. as)
= 244 suvarn. as 5 mās.as 4 1

11 raktikās.
PG E28 (grain, money-volume):120 (100 1

3 coins, 60 1
2 khār̄ıs, 1

4 coin) = 2
dron. as 1 ād. haka 2 178

301 prasthas.
PG E32 (an elephant’s walk, length-time): ( 1

2(1 + 1
4)(1� 1

3)(1 + 1
2) yojana

per f6 � 1
5
� 1

9 �
1
3 � (1 + 1

4)g day�2(1 � 1
3) yojana per 1 1

2 days, 1 day, 100
yojanas) = 243

373
day.121

PG E33 (a man’s earning, money-time): (7 1
2 coins per 1 1

3 days� 1
2 coin per

day, 1 day, 100 coins) = 19 21
41 days.

L 74 (saffron, money-weight): ( 3
7

nis.ka, 2 1
2 palas, 9 nis.kas) = 52 palas 2

kars.as.
L 75 (camphor, weight-money): (63 palas, 104 nis.kas, 12 1

4 palas) = 20 nis.kas
3 drammas 8 pan. as 3 kākin. ı̄s 11 1

9 varāt.akas.
L 76 (brown rice, money-volume): (2 drammas, 1 1

8 khār̄ıs, 70 pan. as) = 2
khār̄ıs 7 dron. as 1 ād. haka 2 prasthas.

E7cd: Example for the five-quantity operation; interest.

months 3
2

12
1

capital 100 60
interest 5 �

!

3 12
1 2

100 60
� 5

!
12� 2� 60� 5

3� 1� 100
= 24:

Hereafter, in the references to other texts, I express the two vertical
columns of a five-quantity operation etc. horizontally as (a1; a2; : : :; an; b;
x1; x2; : : :; xn) just for convenience.

Tr E44 = PG E39 (interest, time-money-money): (1 month, 100 coins, 5
coins; 1 year, 60 coins) = 36 coins.
Tr E45 = PG E40 (interest, time-money-money): ( 1

3 month, 100 1
2 coins, 1 1

2

coins; 7 1
2 months, 17� 1

4 coins) = 5 1
8 coins.

Tr E46 = PG E41 (gold, purity-weight-money): (16 varn. as, 1 suvarn. a, 60
coins; 10 varn. as, 63 suvarn. as) = 2362 1

2 coins.
Tr E47 (gold, purity-weight-money): (16 varn. as, 1 suvarn. a, 73 coins; 11
varn. as, 1 1

2 suvarn. as) = 75 9
32 coins.

119 The PG treats this problem under the inverse three-quantity operation.
120 Close to Tr E32 above.
121 This and the next examples are problems called ‘going forward and backward’.
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Tr E48 = PG E42 (gold, purity-weight-money): (16 varn. as, 1
2 suvarn. a �1

guñjā, 20 1
2 coins; 11 1

2 varn. as, 3 guñjās) = 1 111
832 coins.

Tr E49 = PG E43 (wages for carriers, volume-length-money): (8 dron. as, 1
yojana, 6 pan. as; 1 khār̄ı 1 dron. a, 3 yojanas) = 2 purān. as 6 pan. as 1 kākin. ı̄.
Tr E50 = PG E44 (wages for laborers, number-time-money): (3 persons, 2
days, 5 coins; 8 persons, 9 days) = 60 coins.
L 83 (interest, time-money-money): (1 month, 100, 5; 1 year, 16) = 9 3

5
(the

monetary unit not given).
L 84 (interest, time-money-money): (1 1

3 months, 100, 5 1
5

; 3 1
5

months,
62 1

2 ) = 7 4
5

(the monetary unit not given).

E8: Example for the seven-quantity operation; cloth.

pieces 1 2
length 10 12
width 3 3

drammas 8 �

!

1 2
10 12
3 3
� 8

!
2� 12� 3� 8

1� 10� 3
= 19

1

5
drammas:

Tr E51 = PG E45 (blanket, length-length-number-money): (2, 8, 1, 10 coins;
3, 9, 2) = 33 3

4 coins (the unit of length not given).
L 85 (cloth, length-length-number-money): (3 hastas, 8 hastas, 8, 100 nis.kas;
1
2 hasta, 3 1

2 hastas, 1) = 0 nis.ka, 14 drammas 9 pan. as 1 kākin. ı̄ 6 1
3 varāt.akas.

E9: Example for the inverse three-quantity operation.
Most part of this example is lost but, judging from the three words that have
survived, this is concerned with exchange of a piece of gold whose purity
is eight varn. as and another piece equivalent to it. As has been pointed out
in L 78, the inverse three-quantity operation is applicable to the weight-
purity relationship of gold as well as to the age-money relationship of liv-
ing beings and to the unit-quantity relationship of grain. The L gives one
example each for them. The Tr and PG give one or two examples for each
of them as well as one for the area-number relationship of cloth. I cite only
those for gold.

Tr E42 = PG E38 (gold, weight-purity): (12 1
2 varn. as, 100 1

2 suvarn. as, 10 1
4

varn. as) = 122 suvarn. as 8 mās.as 4 36
41 raktikās.122

122 Dvivedı̄’s text of the Tr reads 12 and rpZA, respectively for 122 and mAqA,. The
former must be a misprint. The word rapan. a cannot be attested in any other Sanskrit
works. Dvivedı̄ glosses the latter as follow (p. 19): qoXfrpZ{, s̀vZ‚,. pÑrEÄkAEBr̃ko rpZ
iEt gEZtt, Es@yEt. But all the manuscripts of the Tr I consulted read mAq and not
rpZ. Dvivedı̄ does not specify the manuscript he used for his edition.
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L 80 (gold, purity-weight): (10 varn. as, 1 gadyān. aka, 15 varn. as) = 2
3

gadyān. aka.

13cd–23ab: Lost. Cf. the parallel verses in the Tr, PG, and L indicated in
Table 2 above.

E10–E19: Lost. Cf. the parallel verses in the Tr, PG, and L indicated in Table
2 above.

E20: Example of an inequiperpendicular inequilateral quadrilateral.
Most part of this example is lost except a geometrical figure and a short
sentence attached to it. The figure shows a quadrilateral with two diago-
nals and two perpendiculars, though they are distorted in the manuscript.
It also contains the numerals for the lengths of the four sides (25, 39, 60,
52) except the base (60) and of the two perpendiculars ( 189

5
, 224

5
) though

one of the two 2’s is missing. Therefore, the quadrilateral is determined
uniquely: it is cyclic and its diagonals are orthogonal to each other, their
lengths being 56 and 63. The prose sentence after the figure states that its
area is 1764.
This area can be obtained either from the four sides by means of Brahma-
gupta’s formula, i.e., the extended Heron’s formula,

A =
p

(88� 25)(88� 39)(88� 60)(88� 52) = 1764;

where (25 + 39 + 60 + 52)=2 = 88, as it is a cyclic quadrilateral, or from
the two diagonals (56, 63),

A =
56� 63

2
= 1764;

as they are orthogonal to each other. However, the first method is more
plausible than the second because Tr E80 asks for the area of exactly the
same quadrilateral with the answer 1764 in its prose part,123 and Tr 43

123 Dvivedı̄’s text of the Tr reads 1784 but this ‘8’ must be a misprint. All the
manuscripts of the Tr I consulted read 1764. The verse of Tr E80 reads as follows in
his text:

pÑk̂Ety‚-y m̀K\ qEčB́‚EmB̀‚jO /yodfkrO.
E/ct̀g̀‚ZO yTAĞmm̂j̀En sK̃ t-y Ek\ gEZtm̂; Tr E80;

The word ffj̀En (‘in straight’) of the fourth pAd does not make sense in this con-
text. ffj̀En sK̃ should be emended to an̂j̀m̀K̃ (‘when it is non-straight-face’) as in
manuscripts A2 and L3, although other manuscripts are also corrupt at this point. See
the next footnote. With this emendation, the above verse means:

What is the calculated hareai of that hquadrilaterali whose face (top) is the square
of five, base sixty, and arms (two flank sides) thirteen karas multiplied respectively
by three and four, when it is non-straight-face?/Tr E80/
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immediately before it prescribes Brahmagupta’s formula (see below). It
would then be natural to think that the lost folio contained a verse that
gave the same formula immediately before GP E20. The same formula is
stated in PG 117 also but the uniquely extant manuscript of the PG breaks
off after PG 118 that prescribes a formula for approximate square-roots.
Thus, no example for the formula is preserved in the extant PG.
In the PG, Śrı̄dhara classifies trilaterals into three, that is, equilateral,
isosceles and scalene, and quadrilaterals into five, that is, equilateral
(square), elongated (rectangular), equi-bilateral, equi-trilateral and in-
equilateral.

aAytsmct̀rŹ̃ EŠE/smB̀j̃ Evqmct̀rŹm̂.
smEv_mEŠsmB̀jìyŹA�yT v̂ĄcAp̃ c; PG 110;
"̃/AEZ df{tAEn Eh Plm̃qA\ sADỹ(-vkrZ̃n. PG 111ab;

Elongated and equilateral quadrilaterals, equi-bilateral and equi-
trilateral quadrilaterals, inequilateral quadrilateral, equilateral, in-
equilateral and equi-bilateral trilaterals, and also circle and bow:; these
are the ten hbasici figures, whose areas one can obtain by means of the
calculation appropriate for each.

He further classifies quadrilaterals into equiperpendicular (samalamba)
and inequiperpendicular (asamalamba) and gives one area formula for
each category. Let a be the base, b and c the flank sides, and d the top of
a quadrilateral, and h the height when it is equiperpendicular. Śrı̄dhara
prescribes

A =
a + d

2
� h (PG 115)

for equiperpendicular figures and

A =
p

(s� a)(s� b)(s� c)(s� d) (PG 117);

where s = a+b+c+d
2 , for inequiperpendicular figures. Both formulas are

also meant for the three kinds of trilaterals where d = 0.
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Table 3: Śrı̄dhara’s Classification of Quadrilaterals
Equiperpendicular Inequiperpendicular in PG

Straight-face Non-straight-face in Tr

Equilateral –

Elongated –

Equi-bilateral

Equi-trilateral

Inequilateral

In the Tr, Śrı̄dhara treats trilaterals and the first two categories of quadrilat-
erals separately from other equiperpendicular figures. Thus he prescribes

A = ab (Tr 42ab)

for equilateral and elongated quadrilaterals,

A =
a + d

2
� h (Tr 42cd)

for ‘other hstraight-facei quadrilaterals’,124

A =
p

(s� a)(s� b)(s� c)(s� d) (Tr 43abc);

for non-straight-face quadrilaterals125 and trilaterals, and lastly

A =
a

2
� h (Tr 43d)

as an alternative formula for trilaterals.
Of course, Brahmagupta’s formula stated in PG 117 and Tr 43abc gives
the correct area only when the figure is circumscribed, but nowhere in the
PG and Tr it is mentioned, although Śrı̄dhara’s extant two examples, the
quadrilateral (25, 39, 52, 60) in Tr E80 and naturally the trilateral (13, 14,
15) in Tr E81, are cyclic.

124 In the Tr, ‘equiperpendicular’ quadrilaterals are called ‘straight-face’. This ex-
pression does not occur here in Tr 42 itself but does occur in Tr E77 (r.ju-mukha) and in
Tr 49 (r.ju-vadana). This nomenclature has not so far been found in any other Sanskrit
mathematical works. The ‘straight-face’ seems to signify that the ‘face’ (i.e., the top)
of a trapezium (including square and rectangle) lies ‘straightly’ in the same direction
as the base, that is, in parallel to the base. It would then be quite natural to expect
the expression ‘non-straight-face’ (anr.ju-mukha) for ‘inequiperpendicular’ quadrilat-
erals. This expression does not occur in the Dvivedı̄’s edition of the Tr but does occur
in Tr E80 in two of the manuscripts I have consulted. See the preceding footnote.
125 See the preceding footnote.
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Brahmagupta himself is ambiguous about the condition of the formula. He
prescribes two formulas in one verse, one for a ‘gross’ area (sthūla-phala)
and the other for ‘accurate’ one (sūks.ma-).

-T́lPl\ E/ct̀B̀‚jbAh̀þEtbAh̀yogdlGAt,.
B̀jyogAD‚ct̀čyB̀jonGAtA(pd\ ś#mm̂; BSS 12.21;

The product of the halves of the sums of the sides and countersides of
a tri- and quadri-lateral is a gross area. The square-root of the product
of fourfold of half the sum of the sides, each decreased by a side, is the
accurate.

The accurate one is Brahmagupta’s formula while the gross one is the so-
called ‘surveyor’s rule,’ that is, in the same notation as above,

A =
a + d

2
�

b + c

2
:

The BSS has no example for these formulas but the commentator
Pr.thūdakasvāmı̄ (10th century) illustrates them by three trilaterals and five
quadrilaterals (fols. 65b–67a), probably following the above-mentioned
Śrı̄dhara’s classification of tri- and quadri-laterals.

(1) 12, 12, 12: gross 72, accurate
p

3888;
(2) 10, 13, 13: gross 65, accurate 60;
(3) 14, 13, 15: gross 98, accurate 84;
(4) 10, 10, 10, 10: gross 100, accurate 100;
(5) 5, 12, 5, 12: gross 60, accurate 60;
(6) 14, 13, 13, 4: gross 117, accurate 108;
(7) 39, 25, 25, 25: gross 800, accurate 768;
(8) 60, 52, 39, 25: gross 1933 3

4 , accurate 1764.

Pr.thūdaka uses the same quadrilateral (8) for explaining Brahmagupta’s
rules for the diagonals of an ‘inequilateral’ (vis.ama) quadrilateral (BSS
12.28), which is also required to be cyclic, and for the segments of the diag-
onals and perpendiculars in a needle figure (sūc̄ı-ks.etra, BSS 12.32), which
is constructed on a quadrilateral, which is not required to be cyclic, but
he does not mention anywhere in his commentary that the quadrilateral
he uses is cyclic.
However, it is probable that Brahmagupta gave the formula for cyclic
quadrilaterals as has been argued several times. For one of the recent stud-
ies in this direction see Kichenassamy 2010. In that case, as Kichenassamy
points out, it follows that most successors, including Śrı̄dhara, Bhāskara
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II, and even the commentator Pr.thūdaka, misunderstood the condition
of Brahmagupta’s formula. Bhāskara II says:

EŠpÑAfE˚mt&ỹkc(vAEr\fE˚mtO B̀jO.
m̀K\ t̀ pÑEv\f(yA t̀Sy\ qœA mhF Ekl; L 186;
at̀SylMbk\ "̃/Emd\ ṕv{‚zdAãtm̂.
qV̂pÑAfEĄ~ qEčŰ Enyt̃ kZ‚yoEm‚tF.
kZO‚ t/AprO b́}Eh smlMb\ c tQC~ ` tF; L 187;

The two arms (flank sides) measure fifty-two and thirty-nine respec-
tively, and the face and the base are said to be equal to twenty-five and
sixty respectively.; This is the figure given by our predecessors as an
illustration of the inequiperpendicular figure. Fifty-six and sixty-three
are the lengths of its ears (diagonals) hgiven by them asi determinate.
hBut, even if the four sides are given, its diagonals are indeterminate
and the figure is not necessarily inequiperpendicular.i Tell hmei then
other pair of ears and, hwhen it is equiperpendiculari, the equal
perpendicular and the ears.

In the prose passage that follows, assuming one of the diagonals to be 32,
he obtains another diagonal,

p
621 +

p
2700, and then, assuming the fig-

ure to be equiperpendicular, he calculates the perpendicular,
p

38016=25,
and the diagonals,

p
5049 and

p
2176. And then he concludes that prose

passage with a criticism of his predecessors beginning with Brahmagupta:

ev\ ct̀rú̃ t̃¯ṽv bAh̀¯v˚yO kZO‚ bh̀DA Bvt,. evmEnyt(ṽ _Ep EnytAṽv
kZA‚vAnFtO b}Ĳ̂g̀ØAŊ{,. tdAnyn\ yTA. (End of the prose passage after
L 187)

In this way, when the hfouri arms of a quadrilateral are the same as those
hgiven by our predecessorsi, a number of paris of ears exist. Thus, in
spite of the state of being indeterminate, a pair of ears were calculated
as if hthey werei determinate by Brahmagupta and others. That calcu-
lation is as follows. (Here he cites BSS 12.28.)

23cd: Circumference and area of a circle.

C =
22

7
d; A =

22

7

�
d

2

�2

:
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The Tr uses
p

10=1 for the ratio of the circumference to the diameter (�):

C =
p

10d2; A =

s
10

�
d

2

�4

(Tr 45):

This is the only approximation to that ratio (�) preserved in the extant
works of Śrı̄dhara if we except 22/7 for the time being. He uses the same
approximation in his formulas for the area of a circle segment (Tr 47), for
the volume of a truncated cone (Tr 54), and for the volume of a sphere (Tr
56):

A =

s�
a + h

2
� h

�2

� 10� 9 (Tr 47);

V =

rn
d2

1 + (d1 + d2)2 + d2
2

o2
� 10� h

24
(Tr 54);

V =
d3

2
+

d3

2
�

1

18
(Tr 56):

In the last formula, 19/6 is used as an approximation to
p

10:
p

10 � 3 +
1

2� 3
=

19

6
:

However, it has been logically inferred from Rāghavabhat.t.a’s statements
in his commentary on the Śāradātilaka that one of his lost works, namely
Br.hatpāt.ı̄, employed

p
10=1 for practical calculation and 22/7 for accurate

one. See Hayashi 1995, 244. Therefore, Śrı̄dhara was the first in India who
used 22/7 for that ratio. Bhāskara II employed 22/7 and 3927/1250 (L
199).

E21ab: Example for the circumference and area of a circle.
Given d = 10. Answer: C = 31 3

7
, A = 78 4

7
.

Tr E85: Given d = 10. Answer: C =
p

1000, A =
p

6250.
For the calculation of these square-roots, Tr 46 (= PG 118) gives the ap-
proximation formula,

p
K =

p
Ka2

a
�

[
p
Ka2]

a
;

where a is an optional large integer and [
p
Ka2] is the integer part ofp

Ka2 , which is calculated by means of the algorithm based on the deci-
mal notation, for which see GP 3–4ab above.
Thus the prose part after Tr 46 gives approximations to the above square-
roots by taking a = 100, that is, C � 31 31

50
, A � 79 1

20 .
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F5: Area of a segment of a circle.

A =
(a + h)h

2
+

(a + h)h

2
�

1

20
;

where a = chord, h = arrow (height of the segment).

The verse of F5 is exactly the same as the one Gan. eśa ascribes to his father
Keśava while commenting on L 213 that gives an example for Bhāskara I’s
formula for the arc anonymously cited in L 212. The L does not give any
formula for the area of a circle segment.
For Śrı̄dhara’s own formula for a circle segment given in Tr 47, see above
under GP 23cd. For an analysis of the formula of F5, see Hayashi 1995, 242–
45.

FE4: Example for the area of a circle segment.
Given a = 13, h = 3. Answer: A = 25 1

5
.

The diameter of the circle intended here turns out to be 17 1
12 .

The problem given here is numerically the same as that of Tr E86, but the
expression is different.

cApAk̂EtEn "̃/̃ E/h-tbAZ̃ /yodfkr>ỹ.
Ek\ BvEt Pl\ EvŠn̂ gZEy(vA kTy yEd ṽE(s; Tr E86;

In a bow-like figure whose arrow is three hastas and chord thirteen karas
(= hastas), what is the area? O learned! Calculate and tell hthe answer to
mei, if you know.

The prose part after the verse gives the answer
p

640 � 25 29
100 . For the

approximation of the square-root, see above under GP E21ab.

F6: Arrow, chord and diameter of a circle (L 204).

h =
d�

p
(d� a)(d + a)

2
; a = 2

p
h(d� h); d =

� a
2

�2
� h + h:

The Tr does not have these formulas.

FE5: Example for the arrow, chord and diameter (L 205).
1. Given d = 10, a = 6. Answer: h = 1.
2. Given d = 10, h = 1. Answer: a = 6.
3. Given a = 6, h = 1. Answer: d = 10.

F7: Definition of ‘arm’ (bāhu) and ‘edge’ (kot.i ) (L 135).
One of the two sides orthogonal to each other of a right-angled triangle is
called ‘arm’ (bāhu) and the other ‘edge’ (kot.i ).
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The state of being orthogonal is expressed as ‘in the direction competing
with it’ (tatspardhinyām. diśi ). In the L, a right-angled triangle is called ‘no-
ble trilateral’ (jātya-tryasra).

The Tr does not give any definition of these terms.

F8: Sides of right-angled triangles (L 136).

c =
p
a2 + b2; b =

p
c2 � a2; a =

p
c2 � b2:

Tr 51, which is the last verse of the chapter on plane figures (ks.etra-vyava-
hāra), gives these formulas. The verse occupies the last part of a proce-
dure for obtaining the segments (avadhā, lit. ‘place down’) of the base of
a trapezium from its four sides. The procedure goes as follows.

– Tr 49: Transform the given trapezium126 (a; b; c; d) to the trilateral (a�
d; b; c) by removing the rectangle delimited by the perpendiculars drawn
from the two vertices.

– Tr 50ab: Calculate the area A of the trilateral by Tr 43 and then the
perpendicular or height by h = 2A=(a� d).

– Tr 50cd: Regard (x1; h; b) and (x2; h; c), where x1 and x2 are the seg-
ments of the base divided by the perpendicular, as right trilaterals (x1 and
x2 = arms, h = edge, b and c = ears) and calculate the arms by the next for-
mulas.

– Tr 51: the same three formulas as above.

It should however be noted that Tr 51 can also be read independently.

B̀jkoÔo, k̂EthFnA(p̂T?p̂TÃZ‚vg‚to ḿl̃. 127

koEVB̀jO t(k̂(yoỳ‚Etto ḿl\ þjAyt̃ kZ‚,; Tr 51;

The square-root from the square of the ear decreased by the square of
the arm or of the edge, is respectively the edge or the arm. The square-
root from the sum of the squares of them (i.e. the arm and edge) be-
comes the ear.

FE6: Examples for the sides of right-angled triangles (L 137).
1. Given a = 3, b = 4. Answer: c = 5.
2. Given c = 5, a = 3. Answer: b = 4.
3. Given b = 4, c = 5. Answer: a = 3.

126 The trapezium is here called ‘straight-face quadrilateral’ (ffj̀vdn -ct̀bA‚b̀). See
the previous footnote.
127 hFnAt̂ ] honAt̂ Dvivedı̄’s text.
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24ab: Volume of an excavation.

V = Ah;

where A is the area of a horizontal cross-section of the excavation and h its
depth.

Tr 52–53: V = �a1 � �a2 � �a3 , where �ai is the mean length, mean width and

mean depth, that is, �ai =
�Pni

j=1 aij
�
=ni .

E21cd: Examples for the volume of an excavation.
1. Given A = 84, h = 3. Answer: V = 252.
2. Given A = 25, h = 3. Answer: V = 75.
The example referred to by the word ‘previous’ is lost but it is known from
the figures given in the manuscript that the horizontal cross-section of the
first example is the Heron’s integral triangle (13, 14, 15; A = 84) and the
second a square of side 5 (A = 25).
In the given figure of the Heron’s triangle, the side of 14 is taken to be its
base. This is because the height is also an integer (12) only in that case; the
height is 12 12

13 for the base 13 and 11 1
5

for the base 15.

Tr E87 (a lotus pool): Given a1 = 16, a2 = 5, a3j = 2; 3; 4 hastas. Answer:
V = 240 hcubic hastasi.
Tr E88 (an excavation): Given a1 = 12, a2j = 3; 4; 5, a3 = 8 hastas. Answer:
V = 384 hcubic hastasi.
Tr E89 (an excavation): Given a1 = 16 1

2 , a2 = 10 1
4 , a3 = 8 hastas. Answer:

V = 1353 hcubici hastas.
Tr E90 (an excavation): Given a1 = a2 = a3 = 16 hastas. Answer: V = 4096
hcubic hastasi.

24cd: Brick-piling and timber-sawing.
1. The ‘fruit’ (phala), that is, the total volume of the piled bricks is

V = Ah;

where A is the area of a horizontal cross-section of the piled bricks and h
its height.
2. The ‘fruit’ (phala), that is, the total area of the surfaces cut out of a plank
by means of a saw is

S = Am;

where A is the area of a cut surface and m the number of cutting lines
called mārga (road or route).
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These rules seem to have been meant for evaluating respectively the work
of piling bricks, which is proportionate to the weight of the piled bricks
and therefore to the total volume of the bricks (cf. the example in Tr E97–
98 under E22ab below), and the work of sawing, which is proportionate to
the total surface area cut by the saw (cf. Tr E99–E100 under E22cd below).

Tr 58 gives, in addition to the same rule as above for the volume of the piled
bricks, a rule for the number of the bricks:

N = V � v;

where v is the volume of one brick.
Tr 59 gives a formula for vertical cutting (ūrdhva-ccheda),

S = abm� (2� 12)2 hsquarei hastas;

where a and b are the length and the thickness of the timber measured in
aṅgulas.
Tr 60 gives a formula for horizontal cutting (tiryak-cheda),

S = Am� (6� 4)2 hsquarei hastas;

where A is the area in aṅgulas of a cut surface.

E22ab: Examples for brick-piling.
1. Given A = 84, h = 2. Answer: V = 168.
2. Given A = 25, h = 2. Answer: V = 50.
For the area of the cross-section in each problem, see under E21cd above.

Tr E95–95 (a rectangular altar): Given the altar’s length = 6, width = 3,
height = 1

2 hastas; a brick’s length = 1 hasta, width = 1
2 hasta, height = 6

aṅgulas. Answer: V = 9 solid hastas, v = 1
8 solid hasta, N = 72.

Tr E97–98 (wages for digging a pit): Given the pit’s length = 10, width = 2,
height = 4 hastas; the rate of wages = 1 coin (rūpa) per a pit of 3 1

2 � 2� 3 1
2

solid hastas. Answer: V = 80 solid hastas, v = 24 1
2 solid hastas, N = 3 13

49
coins.

E22cd: Example for timber-sawing.
Given A = 10�3 hsquare hastasi, m = 6. Answer: S = 180 hsquarei hastas.
The unit of S is, in the manuscript, expressed as ‘solid hastas’ (ghana-
hastāh. ), that is, the cubic hasta, but it should be the ‘square’ hastas, which
must have been expressed simply as ‘hastāh. ’.
The figure in the manuscript shows a rectangle divided by ‘five’ equidistant
straight lines parallel to the longer sides. If this is not a mistake of ‘six’ lines,
the six ‘strips’ made by the five parallel lines and by the two longer sides
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of the rectangle probably represent the six cut surfaces rearranged on the
same plane.
It may be pointed out here that the piece of timber intended here is unre-
alistically thick. According to Pherū (GSK 3.92), a piece of timber whose
width (i.e. thickness) is more than one gaja (which is estimated to be 63 �
72 cm) cannot be cut by a saw (the ordinary hasta is equated to about 18
inches or 45.7 cm). See SaKHYa 2009, 157 (and 99 for gaja).

Tr E99 (vertical cutting of timber of acacia catechu): Given a = 12, b = 1
4

hasta, m = 5. Answer: S = 15 hsquarei hastas.
Tr E100 (wages for the sawing in E99): By the three-quantity operation,
(sawing of 100� 1 hsquarei hastas of acacia catechu, 6 coins, 15 hsquarei
hastas) = 9

10 coin.
Tr E101 (horizontal cutting of timber of acacia catechu): Given the tim-
ber’s diameter = 1 hasta, m = 10. Answer: A =

p
10� 124 =

p
207360 �

455 9
25
hsquare aṅgulasi, S = 455 9

25
� 10� (6� 4)2 = 7 163

180 hsquarei has-
tas. Wages calculated by the three-quantity operation, (100, 6, 7 163

180 ) = 1423
3000

coin.

25ab: Volume of heaped-up grain.

V =

�
C

6

�2

�
C

9
;

where C is the circumference of the circular base of a cone-like heap of
grain.

Tr 61–62 gives the formula, V =
�
C
6

�2
� h, where h is the height. In the at-

tached example (Tr E102), h equal to C=9 is given. According to BSS 12.50,
L 227, GSK 3.97, and PV A29–31, h = C=9 or C=10 or C=11 according to
whether the grain is fine or coarse.

E23ab: Example.
Given C = 36 hastas. Answer: V = 144 solid hastas.

Tr E102: Given C = 36, h = 4. Answer: V = 144 solid hastas.

25cd: Time from shadow.
The elapsed or remaining portion of the daylight is

t =
g=2

s + g
daylight;

where g is the length of the gnomon and s the length of the shadow.
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Tr 65 gives the same relationship of the time and the shadow length in the
form, t = g

2(s+g) , and also in its reverse form, s = g=2
t � g .128

For equivalent and different formulas for shadow-time relationship given
in Sanskrit mathematical works, see GSK pp. 160–62.

E23cd: Example.
Given g = 8 aṅgulas, s = 24 aṅgulas. Answer: t = 1

8 of the daylight.

Tr E106: 1. Given g = 12 aṅgulas, s = 3g aṅgulas in the West. Answer: t = 1
8

of the daylight elapsed. 2. Given g = 8 aṅgulas, s = 3g aṅgulas in the West.
Answer: t = 1

8 of the daylight elapsed.
Tr E107: 1. Given g = 12 aṅgulas, t = 1

8 daylight elapsed or remaining.
Answer: s = 36 aṅgulas in the West or East. 2. Given g = 8 aṅgulas, t = 1

8
daylight elapsed or remaining. Answer: s = 24 aṅgulas in the West or East.

F9: Shadow (L 234).

s =
dg

h� g
;

where d is the distance between the feet of the lamp and of the gnomon
and h the height of the lamp.

FE7: Example (L 235).
Given g = 12 aṅgulas, d = 3 hastas, h = 3 1

2 hastas. Answer: s = 1
2 hasta =

12 aṅgulas.

F10: Height of the lamp (L 236).

h =
dg

s
+ g:

FE8: Example (L 237).
Given d = 3 hastas, s = 16 aṅgulas, hg = 12 aṅgulasi. Answer: h = 66

aṅgulas = 11
4 hastas.

26: Concluding remark (merits of the GP).
The first half of this verse reminds one of the concluding verse of the last
chapter called ‘Net of Digits’ of the L, where Bhāskara dealt with combi-
natorics of digits (numerical figures) which is a topic he invented.

n g̀Zo n hro n k̂Etn‚ Gn, p̂č-tTAEp d̀ďAnA\
gEv‚tgZkbV́nA\ -yA(pAto_v[ymňpAf̃ _E-mn̂; L 271;

128 Read Edngtf̃qoĹ̂t̃ instead of Edngtf̃q̃ ãt̃ of Tr 65d in Dvivedı̄’s text.
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Although neither multiplier, nor divisor, nor square, nor cube is asked
hin this chapteri, second-rate haughty mathematicians would inevitably
fall in this net of digits.

The phrase ‘Read again and again’ (pat.ha pat.ha) of the second half occurs
also in the concluding verse of the BG.

gZk BEZEtrMy\ bAllFlAvgMy\
sklgEZtsAr\ soppEĄþkArm̂.
iEt bh̀g̀ZỳÄ\ sv‚doq{Ev‚m̀Ä\
pW pW mEtv̂Ŕ{ lE]vd\ þOEYEsŔ{; BG 102; 129

This book is pleasant for reciting (reading) [or elegant in style], is easy
to understand even for young people, is the essence of the whole math-
ematics, and is accompanied by proof methods. In short, this book is
full of merits and free from faults. Read again and again, o calculator,
this small hbooki in order to enhance your intelligence and to obtain
maturity.

F11: Another concluding remark (praise of Śrı̄dhara).
This verse has been found attached to most (but not all) of the extant
manuscripts of the Triśatikā of the same author. See, for example, A1, fol.
25b, H1, fol. 22a, H2, fol. 11b, L1, fol. 23a, L2, fol. 23b, L3, fol. 10a, and
T1, fols. 28b-29a. In P1, which is incomplete, the commentator cites the
verse while commenting on the first verse of the Tr in which the name
Śrı̄dhara occurs. B1, which is complete, does not have it.

129 The last compound reads ‘þOYEsŔ{’ in my edition (2009) of the BG but it should
be ‘þOEY - ’; ‘þOY MGTP ] þoY A’ in the corresponding footnote should also be corrected
to ‘þOEY MGT ] þOY P, þoY A.’
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Śrı̄dhara, R. tam: Ludwik Sternbach Felicitation Volume, Lucknow: Akhila
Bharatiya Sanskrit Parishad, 1979, pp. 887–909.
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APPENDIX: MĀD. AJĀTI IN HJJM 10728

Included here are a rule and an example of the tower class found in the
Patan manuscript HJJM 10728 (= H2) of the Triśatikā. For my interpreta-
tion, see under F4 and FE3 in the Commentary.
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Text (H2, fol. 5)

mAXjAtO krZś/mAyA‚; 1

ič\ s{kg̀ZAØ\ tdD, s\-TA=y g̀Zg̀Z\ s̃čm̂; 2

td̀pyA‚v̂(k̂(vA t̀SyhrAZA\ ECdA\ lop,; 3

udA;

aA!YA n̂pyoEqt, kEtpyA měAhv\ vFE"t\
Ec/Alň̂ty, s̀nFEtct̀rA-tA, pÑB́p̀¯pk̃. 4

sAD« B¡EByAvtFZ‚mEp tA jAtA, smA, -ỳ, kTm̂
ṽE(s (v\ yEd mAXjAEtk̀t̀k\ Em/ þv"Af̀ tt̂h; i5

˚yAs,; pÑB́Emk̃; 5; aDovt‚nA\f6 1
2

jAtA, pÑB́Emk̃ smA!YAh,i. 7

p̂T?p̂TţAyA‚df‚nm̂. 8 ˚yAsh,i.

१२१

८०

७८

७२

५४

h"̃/ 12i9

jAtA smA s\HyA; 81h; i10 ev\ mAXjAEt, smAØA; 11

1 mAX ] mA\X H2; aAyA‚ ] aAyA‚, H2.
2 s\-TA=y ] s\-TA=ỹ H2 (‘e’ crossed out).
3 aAv̂(k̂(vA ] aAvt̂; k̂(vA H2.
4 yoEqt, ] yoEqt̃,; H2 (‘e’ crossed out); k̂ty, ] k̂ty,. H2 (‘. ’ crossed out); tA, ] tA,;
H2; B́ ] B́Em H2.
5 jAtA, smA, -ỳ, kTm̂ ] jAtA -ỳ,. kT\ H2.
6 aDovt‚nA\f ] aDovĄAZA\f H2.
7 jAtA, ] jAtA,; H2.
8 p̂TţAyA‚ ] p̂Tk̂ , nAyA‚ H2.
9 This figure, as usual in Sanskrit manuscripts, occupies not its proper place (after
the second ‘˚yAs,’) but a space (of 13 aks.aras � 5 lines of writing) at the top left corner
of the page (fol. 5b).
10 s\HyA ] E/y H2.
11 mAXjAEt, smAØA ] mA\XjAEtsmAØ, H2.
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Translation

A computational rule in the Āryā meter for the tower class.

An optional number is divided by the multiplier increased by one. Put
that (quotient) multiplied by the multiplier below and, on the other
hand, put that (same quotient) increased by the optional number above
and repeat hthe same calculationi. Delete the denominators of hall the
fractions obtained, after they are reduced to those thati have equal de-
nominators.

Ex.

A certain number of royal ladies, elegant, lovely and adorned with var-
ious ornaments, mounted on the stands (pus.paka) built on five levels
(bhū) hfori watching a wrestling sport. hThe number of the ladies on
each level wasi increased by half hof itselfi and also hsimultaneously
decreased by half of the number of the ladies on the next level, both
due to theiri descending, for fear of collapse hof the standsi. hIn
consequencei, they became the same hin number in all levelsi. How?
If you know the curious tower class, o friend, tell hmei that quickly.

Setting-down: on the hstands havingi five levels, 5; part of those who are
on the hnexti lower level, 1

2
hThe number of womeni who mounted

on hthe stands havingi five levels is produced hby calculationi. Showing
the hnumber ofi women at each level, setting-down:

[Figure 12t (see ks.etra 12 in the Text above)]

The number hof ladies on each level, after movingi, becomes equal: 81.
Thus is completed hthe section oni the tower class.
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