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THE GANITAPANCAVIMSI ATTRIBUTED TO SRIDHARA

TAkAO HAYASHI

ABSTRACT. — This paper provides a detailed study of the Ganitapasicavimsi at-
tributed to the famous eighth-century mathematician Sridhara 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.

RisuME (Le Ganitaparicavimst attribué a Sridhara). — Ce document présente
une étude détaillée de la Ganitaparicavimsi attribuée au célébre mathématicien
Sridhara du huitiéme siécle en vue de lui redonner sa forme originale. 11 se
compose d’une révision du texte édité par David Pingree, d’une traduction en
anglais de ’ensemble du texte, et d’'un commentaire mathématique.

INTRODUCTION

David Pingree discovered a manuscript of a small arithmetical text
named Ganitaparicavimst (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 Sridhara; the last verse here
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occurs also at the end of most of the extant manuscripts of the Trisatika
(Tr) written by the eighth-century mathematician Sridhara. Pingree has
published an edition based on this single manuscript under the title ‘The
Ganitaparcavimsi of Sridhara’ [Pingree 1979].

In an earlier paper [Hayashi 1995], I expressed doubts about Sridhara’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 (Slokas)’) and the introductory stanza (slokanam pasica-
vimsatya ‘by twenty-five Slokas’) claim; (2) it contains no stanzas of the
previously known two works in the same field by Sridhara, namely the Tr
and the Patiganita (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 Sripati’s Ganitatilaka (GT, 11th
century) and eight and a half verses of Bhaskara II’s Lilavat: (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 Ganesa in his commentary (AD 1545) on the L
attributes to his father Kesava and which causes inconsistency in the GP
with regard to 7; and (5) it uses, in addition to the ordinary numerals, the
word-numerals which Sridhara avoids in the Tr and PG. My conclusion in
that paper was that ‘the present GP is not the original work itself (GP() of
Sridhara, although we cannot of course deny the possibility that the GPg
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 GP. This has been determined as
follows.

First, I regarded the ‘twenty-five §lokas’ as referring to the number of
the verses for the sutras (rules) only, because it is too small to include the
samjiiah (terminology) and the udaharanani (examples) or even one of
them. Note that the anonymous Pasicavimsatika (‘(Mathematical Text)
Consisting of Twenty-Five (Verses)’, 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 GP
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
Kesava and L), and one (F9-10) of the chapter on Shadow (from L). When
F7-8 and FE6 are omitted, the GPy 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. T 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 sutras of the GP( thus obtained is ex-
actly twenty-five without the introductory and concluding verses (S1, 26).
The GPy still contains poetic meters other than sloka in its narrow sense,
that is, the Anustubh meter, (Arya in 23cd and 26 and Upajati 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 GPy is not the origi-
nal work of Sridhara but a counterfeit. The following are the several points
unfavorable to Sridhara’s authorship of GP. For the details see the rele-
vant places in the Commentary.

(1) The terminology of the weights and measures of the GPy 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 GPy
(lab) 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 GPy, 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 GP¢ (11cd), like the L, does. Moreover,
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the way the GP 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 GP¢y (12-3ab). The Brahmasphutasiddhanta (BSS,
12.11cd-12) also prescribes the same arrangement for the direct three-
quantity operation but not for the inverse one. (6) The GPy still contains
word-numerals. (7) Sridhara prefers the Arya meter in the Tr and PG but
the GP prefers the Anustubh.

Itis, however, also true that none of the above points is a definitive rea-
son that completely denies Sridhara’s authorship of the GPy.

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 £+ GPy restored
Terminology 8 8 9 0 9
Eight fundamental operations

sutras 26% 29 8 0 8

udaharanas 22 24 3 0 3
Classes

sutras % 5 7 -4 3

udaharanas 7 6% 6 -3 3
Three-quantity operation etc.

sutras 4 4 (1 %) +1 2% barter, selling of

udaharanas 27 27  (3) +2 5 living beings
Mixture

sutras 6 27%** - 43 3  interest, purity of

udaharanas 16 45 - 43 3  gold, investment
Mathematical series

sutras 3 29 - +4 4 sum, first term, etc.

udaharanas 2 19 - 41 1 ofarithm. progr.

*PG treats the class problems in Mixture.

**Except the class problems.



THE GANITAPANCAVIMSI ATTRIBUTED TO SRIDHARA 249

Chapters and Number of verses Topics to be
sections Tr PG GP + GP( restored
Plane figures

Rectilinear figures
sutras 5 11 (2) —-2,42 2 tri-and quadri-
udaharanas 5 12 (2) —-1,+44 5 laterals
Circular figures

sutras 4 - 2 é -2 %
udaharanas 2 - 2 -1 % %
Excavations
sutras 6 - % 0 %
udaharanas 8 - % 0 %
Brick-piling
sutras 1 - 1 0 1
udaharanas 4 - % 0 %
Timber-sawing
sutras 2 - 1 0 1
udaharanas 3 - g 0 g
Heaped-up grain
sutras 4 - % 0 %
udaharanas 4 - % 0 %
Shadow
sutras 1 - ﬁ -1 %
udaharanas 2 - % -2 %
Concl. rem. 0 - 2 -1 1

Total number of verses
sutras 63 (105) (24) +1 25
udaharanas 102 (133) (205) +25 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 samjia and for paribhasa (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 Ganitatilaka of Sripati.

GP Ganitapancavimst of Sridhara.

GSK Ganitasarakaumudi of Thakkura Pheru.
Tr Trisatika of Sridhara.

PG Patiganita of Sridhara.

PV Paricavimsatika (anonymous).

BG Bijaganita of Bhaskara.

BSS Brahmasphutasiddhanta of Brahmagupta.
L Lilavaty of Bhaskara.

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 InP
Terminology (samjia)
S1 1 Anul Homage Pbl 1 1,9
S2 2 Anul Units of weight Pbb 10 4
S3ab Anul cont. - - 3
S3cd 3  Anul Def. of kutapa. Cited by - - -
Surya.

S4 4 Anul Units of volume Pb6 11 8
Sb 5 Anul Units of money Pb4 9 2
S67a 6  Anul Units of length Pb7 12 5-6a
S7bed 7 Anul Unitof area - - 6bcd
S89 89 Anul Decimal names Pb2-3 7-8 10-1
Eight fundamental operations (parikarmastaka)

lab 10ab Anu g  Sum and diff. —8ab  -2lab 12,45,

46d

Elab (lab) Anuj Exs. - - 13
led 10cd Anuy Multiplication 56ab 18-19ab 14
Elcd (lcd) Anuy  Exs. E3-4 E3 17
2ab 1lab Anuy Division 9 22 18
2cd  1lcd Anu % Square and cube 10,14-15a 24a,28b 19a, 24a
F2ab (2ab) Anuj Exs. E5-6  E45 21,27
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Verse No. Meters Contents Tr PG L
New InP
8-4ab 12 Anuj Squareroot 123 25-6 22
4cd-6ab 134 Anu2 Cube-root 16-8 29-31 289
6cd-7ab 15 Anul Partcl and sum & diff.  23ab, 19 36cd, 32 30,37
of frac.
E2cd (2cd) Anu % Exs. E137 E1468 31,38
Ted 16ab Anu% Multi-part ¢l and 23cd,20ab 38ab,33ab 32,39
multiplication of frac.
E3ab (3ab) Anu % Exs. E14-59 El1459 33,40
8ab 16cd  Anu % Division of frac. 20cd 33cd 41
8cd 17ab  Anu % Square etc. of frac. 212 345 43
E3cd (3cd) Anuy Exs. E112  FE12:3 44
Classes (jati)
9ab 17cd  Anu % Zero cl. 8cd 2lcd  45b,46a
9cd-10ab 18 Anul Partincr./decr. cl. 24~ 39-40 34
E4ab  (4ab) Anuj  Exs. El67  EI821 35
10cd-11ab 19 Anul Inverse-op. cl. - 78 489
F4ed  (4cd) Anuj Ex. - E102 50
11cd 20ab  Anu % Optional-num. cl. - - b1
Ebab (bab)  Anu % Ex. of opt.-num. cl. - - 52
Ebcd (bed)  Anu % Ex. of vis.-num. cl. E239 E96 53
F1 20cd  Indr; =GT67:Rem. cl. - - -
E6ab (6ab)  Anu %2 Ex. of rem. cl. - E97 54
Ebcd (6cd) Anu % Ex. of diff. cl. - E98 b5
F2 21 Anul Rootcl. - 75 65
FEI (7)  Indrj Ex. - E99 67-8
F3 22 Aryal Seen-root-part cl. - 76 66
FE2 (8) Anul Ex. - E100 69-72
F4 23 Indr1 Tower cl - - -
FES (910) Sarl  Ex. - - -
Three-quantity operation etc. ({trairasikadi))
12-13ab 24 Upaj % (2n+1)-gt. op. and inv. 20-31  43,44cd,45 73,77,82
three-qt. op.
E7ab (11ab) Anu % Ex. for 3-qt. op. E309 E25-36 74-6
E7cd (ITcd) Anu % Ex. for 5-qt. op. E44-50  E39-44 834
E8 (12) Anul Ex.for 7-qt. op. Eb1 E45 85
E9 nn.  Anul* Ex forinv. 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 InP

............... Lost portion begins ...............

13cd Upaj % Barter 32ab  46ab 88

E10 Anul Ex. Eb4-5  F489 89

14ab Anu % Selling of living beings ~ 32cd ~ 46cd 78

Ell Anul Ex. E56 E50 79

Eight kinds of procedure (vyavaharastaka)

Mixture (miSraka)

14cd-15ab Anul Interest 33 47 90

E12 Anul Ex. E57-8  Eb2-3 91

15cd-16ab Anul Purity of gold 36 53ab 103ab

E13 Anul Ex. E634  E63 104

16cd-17ab Anul Investment 38ab  59ab 94

El4 Anul Ex. E679 E712 95

Mathematical series (Sredhi)

17cd-18ab Anul  Sum of arithm. progr. 39 8bab 121

E15%+* Anul Ex. E73-4%* E103-5%* 122-3

18cd-19ab Anul First term 40ab  86ab 124

E15 Anul Ex. E734 E103-5 125

19c¢d-20ab Anul Common diff. 40cd  86cd 126

E15 Anul Ex. E734 E103-5 127

20cd-21ab Anul Number of terms 41 87 128

E15 Anul Ex. E734 E103-5 129

Plane figures (ksetra)

21cd-22ab Anul Equiperpendicular 42 115 1723
quadrilaterals

E16-9 Anu4  Exs. E759 FEI1224 1745

22cd-23ab Anul Inequiperpendicular 43 117 169,171
quadrilaterals

E20%** Anul Ex. E80 170,186-7

................ Lost portionends................

23cd %5ab  Arya % Circle 45 199,203

E2lab  (13ab) Anu % Ex. E85 200,202

*The PG s 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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FI11 33 Armal

Praise of Sridhara

Verse No. Meters Contents Tr PG L
New InP
F5* 25cd  Anui Circle segment 47 -
FE4 (13cd) Aryé?% Ex. E86 -
F6 26 Indr % Arrow and chord - =204
FE5 (14) Anul Ex. - =205
F7 27  Aryal Def. of bahuand koti - =135
F8 28  Gitil  Sides of right-angled tri- 51 =136

angles
FE6 (15) Anul Exs. - =137
Excavations (khata)
24ab  29ab  Anu % Excavations 52-3 214
E21cd(16ab) Anu % Exs. E87-90 215-6
Brick-piling and timber-sawing (citi-krakaca)
24cd 29c¢d  Anu % Brick-piling & timber- 5860 220,223,225
sawing

E22ab(16cd) Anu % Exs. for brick-piling E95-8 221-2
E22cd(17ab) Anu % Ex. for timber-sawing E99-101 224,226
Heaped-up grain (rasi)
25ab 30ab  Anu % Heaped-up grain 61-2 227
E23ab(17cd) Anuy Ex. E102 298
Shadow (chaya)
25cd  30cd Anu % Time from shadow 65 -
E23cd (18) Anu% Ex. E106-7 -
F9  3lab Vasj  Shadow - =234
FE7 (19) Indrl Ex - =235
F10  3lcd Vas % Height of lamp - =236
FE8 (20) Upajl Ex - =237
Concluding remarks ((granthasamapti))
26 32  Aryal Merits of the GP - 272

* Exactly the same half verse is ascribed by Ganesa to his father Kesava.
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E + v. no.
F + v. no.

S +v. no.

(A)
(A)

ATI]BT2

T. HAYASHI

1. TEXT

A Baroda manuscript of the Tr. See Bibliography.

A verse for an example or examples.

A verse borrowed from other work.

The text of the GP edited by Pingree.

A verse for terminology (samjna).

The Wellcome Institute manuscript of the GP on which P is
based.

A has been added by Pingree.

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'in T1, which is accepted here, reads B in T2. T1 is omitted
ifitis P.

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

(Interpolated passage)

(p- 890) (f. Ir) =TI

RERLESS

(3T FHT:)
: g1 yaeafa |

EEHAITAT

AT TS9ear FT: TRer™aTisl

IS AAATYT AT HFE IR |

& gau: Wé‘a’gﬁi‘ WWIISNI
: YsWh: &a

Wﬁ“%ﬂ‘rsgﬂ'ﬁﬁrﬁ%@'ﬁwﬁrusw
TIOT: FET: TO: TRHEgHITEH: |

mﬁaﬁ‘ﬁi‘wﬁ 1S4

WWWWI
e YISW §FE ISW T fasma: 18510

1 s;jT—‘r]s;j?—r

P. This hemistitch is cited by Suryadasa, who also reads ‘Sﬁ?ﬁf". See

Hayashi 1995, 246.
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TIAT ST FAT FeATEEg At FC: |
TVSHTHT: NACHEHET AN S6 1!
IS STEQ:HIY q9T §&qT 9L 4T |
fra<ie afgwraaT & € SRS US7
(p. 891) T I W THTHeFAAId ad: |
T T TIgd Rlfege AT TUSSII
aﬁ‘ﬁm‘:ﬁ‘?qu gfeeqfa: 12
I T INTE, € T SRAVT: 1S9 113
gooooooooooooooooo< I\ ) ‘
gfa g5
(I IICRATEH)
Agfaaeaaaiaadn: ga i
TR TUTEAT () FRATaHar ¥ad |1ab 14
IO
yieaarar: f& g@r: e wqrgr fqefar: 1Elab |
TN Go | © | 93 |TNT ST o9 | Ua=gdTgl (qorsT v 9o ngfa

Agfaaeaaaiad |
U FA (1)

T T AT g T AR g |l ledll
IRV | )

faeat: & fraresad: fa =T i ELeda

TE: WU 9\ U7 ¢ (1) T[0T 9§93 T[T 933 T UATSSTA Fel 1° 3048 |
9° 0 ¢ 3% | ST U I

(p. 892) HTTETL T I
AT HTSATERr AT &4 YAThe g 9 12ab 16

T ] WL
e ] TTE W.
ST | &7 P.
TS | T[0T WL
gd:]gqa:P.

@ Ot s 0 N
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JETEYUH || T A S RAC =3 Ea I =T 11 7 I 3o¢n &Y
¢ (1) TS 9°6¥33% §Y 933 |MTT-ITESET I[UAT 929 | 98932 I( 1) i
IR : |

AT g

gHfgETar i EreaaaggiaaT: 1 2¢d |l
SRR

&t qETET AT STET aEt 99 1 E2ab |

8W:“2? R3¢ 4 % 9w T AN
3 ¢ .

R\9 R Y 3G 3 LR R N

STE: 9 | 933 | STAT G 9 | 9¥93° | TAT T 932 | 95geng\s | i
Il

T T |
TERTATEYATE fEeega & |
TSI GRTTeITeI =R fgaqur ~=aaail 310
TR W& GH qehiaq Jgeaed YeH 14ab |10

SATEYI NI EIE AT =T 11 & 9201 @ | 933 1T aige |
(p. 893) T FAA I

ATT T9T SHAG-RIAA-ATEAAT T l14cdll
T TUFIE FedT e yoehere |12
THT FHEET I aRTTea= AT San |l ¥ 113
TGS T JCIAATIT JATGT: 16ab |
SETEYU NI ATHATS =TE: | 4 &e g99ef | @ | 933 1T agaT

7 T ] MTTER ) P

8  Presumably this table was added later by someone who regarded ‘“TaT=T’ in E2ab
as referring to ‘the (first) nine (natural numbers).’

9  FETTTA | aETAT P

10 erepfer | =i P.

11 guigreTs | auif |qTe Py | 94932 |

12 fregrerey ] e syreg P

13 gEreT<g—4q | &I 3=<T P.

14 gqgTeTy | 9= 1gATS: P, 729] 1860867
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c : c d
g srarTatatad ‘TFWHTWWTH’H:II

<
(301 frerfraaresa)
-~ r ~ o
HTITSTd '?|H§,‘I REEEEANERELE (‘J\’HH\“

FSETHE FEwT g aTET @@ 6ed Il
qAf=ERT SAT AT TTGUARY &<: |7ab |15
IETELUA
=T 16 9|9 |9 17 J14T: W; & | ¢ 3 Qﬁ_ﬁ'm 23
33|« 2 92 |92 22

uqgATgareT oy |23 | sfa framgfaasaasfad
R

THTTSI Ao = I

AT 0T SrETar geamagall 7edl
SEERIH I 1)

FUTEIAIATH: & & AW TAH | E3ab |

e | o |9 o [T STER | g | U |0 | U | ¢ | JUETSSTAR
€23 e 3 2

m gfa R

&

EECINE el

TR @a=8&T §38F U aq: 18ab |

(p- 895) I=TELIH ||HHsdaﬂ'ﬁﬁwluuhmwuuw&qquﬁﬂﬂmm a1
18 ursg u u 2 gfq frenmmETe:

Praarifey g

15 ®qHgY ] €IUEL P.

16 =19: in margin W.

17 Here and hereafter, I supply the bottom line of each box, which is missing in P.
18 grersT | STEeT W.
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BIWET: FAT T T FAT 92 TN 8ced |l

IRV |

HIEAIET &t TG anar T & TR IEScdll

=Te: | 3 | STar amt | el aﬁ?mmmﬁ‘(flv)ﬁ 9 |9
1=

? < 2R
?
Efa stz
gfa Fraafraates g9
(3T STfT:)
ST A
[T W T S G FEATEY 19ab |
g i o

HIJIIQWIJIIHqIE\HICﬁ SERN|

BITETHI: SHT IHET IAT: 1 9ed 120
gAT U SUTYERTUeadr @raga=ar | 10ab 12!

(p. 896) IETETU I
HuTen-TeET: & f&
T ATeT T : | Edab |

=T |3 | 3 | 2EET ST | 90 | & | EETOITE |3 |3 |2 ered W ¢
9|9 3|3 212
33 ]2
3|3
R NEfT AT E=TT e ST a=agE |
TR ATAr G I
19 clow

20 SY9T: | H{WT: P; @9 | AGTATH P, AATAH W.

21 g4T 84T ] gar &9 P, &ar £ W; fgmree | fesvmw.
2 13w

28 3WI]1P
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e SO UETIE ¥ 9L AT 10cd 2
wﬁ‘aﬁaﬁrm@a@wmﬁmam

JEATETOR 1 (1)

gAtergr afita: &
ST | Edcd |

m‘r&r:n?gwaﬁzwmwag'azm%ww:xnﬂ%r
3

SHEATI: |

TEATHTIRY FAA W26
ATATIIGAE AT R g : | 11ed 1 27

FERH |

Hfeay: yaggTE:
=TETer sfIgEae |Esab 128

m‘r&r:nguramxmwmmxm?nm—cﬁ‘rrﬁr: 90 |l
']

gfa guwrta: 120
I FYAATHSTELUH |
T VST STUToS 49
YSEET: &fq O Far: W E5cd i

=T | 9 TIT & |STAT: ET: 93 15T gIAST: o
%

AV OO0

-
T YT FAA N

24 F9L ] UL P

25 W]WW;W]WP;U] 9% | W.
3 3

26 gWI]TEP

27 guI: ] W. Metrically the latter is better but the word form is difficult to ex-
plain unless the word T3 has the passive meaning ‘seen’. Presumably the syllable I
was here either pronounced like ‘¥ or regarded as a single-consonant syllable.

28 ETIEW
29 s]gEP
30  WE SIS ] Y8 ST P; V5 ] Y€ W.
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fegTamT JaET-
T VT Tehe e Ttar: 1 F1 13!

(YT ) ISTH LA |l 32

T8 VTG qe3Y=4% ard Y&r 1 E6abll

u u u%meonm—cﬁw&r 351

AT MITIETE (G ST TR Eau-THIIT: | =19

?
?
?
&
?
?
?
i

gAr &30 SHfvaaer®® gqTiesvuT aauarsaiay Ta-T ¥ &
gc
STET: YT 3% 130 37 faetEesr ar fesrfansfa srosfa
I faEvSTegETE
TSTGI=T 9€ FET: Tigia: &fTIE6edIl

9 | 9 | sTETa u g9 & |3 THRS U Srar Mgia: o ngta
%R

Yt

-
gASTar g

31 =GT 67 (p. 44, line 11). ¥&hered GT | ThaT&H P.
32 m‘rﬂmn] a W.
33 2 1 W.
o °
34 S ] ;‘; W.
35  Cited from GP 10a.

% FT AT 1 EAT AT B AR T W,

37  IEATY | AET FTTW; § (above 3°) ]9 W.

A0 0 0
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qATE AT g A garcaad |38

qAgd afetd aita ST wed 1F210
T
AT ATTSIET: & AVHAT Jd: @LHT: IFELN
T 119 Sesa @ S 9 9 TYT 3o |STAT TR 36 WSFT FEASTR A

FEETISTAr AN

T AILANAATIE AGTAATARATAATEIATT |
TEATI TA=ETT afT FEr T |

EEIEa

RURIEE MR EAMIEE R LR EE R
TieaTRged: ST TR Alfag IFE21

= g 9 | T 9 T 9= 139SATaT e oy ST gEHATISITIG : FHTET
R 2

(p. 900) ATSSITAT A 140

qTSET YHT HguTgIEmicE: Ea: w9 ot 141
TEAed Higd dgsd gF faf=a= S ATHEHA I F41142

IR

ATITAT: FfaqfHaT a8 @ @47 T00T T9& IFE3 144

38 AT | FuigaTe P.

¥ T )ETRT W

40 ATSETAT AN ] @ 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 ATSET | ATSEIT B2.

42 gEed | dgs B2; AHEEA N (R3 1) ] AR g B2.

43 7 of ATHW in margin B2; STTETEI: | ] TSI : | P; SOTErES: | B2.

44 FIHAT | IIHT B2 (corrected by putting 9’ and R’ above ‘T’ and ‘T’ respectively);
TEOT B2 | 4T P; T« 118 B2 ] §ATI (3= 11) P.
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TE: | TIFRII & ST AT FAT: RECRIEEACE RS NI ISR EE

16 zfq ArewTia:

gfa SryvreTafa=ar Srfa: gamETi

foam o9 T weEw RNy
TRUTWTSIET STIHI -
THTSHTAT §d: Wl ST | 13ab |

IR
|Tg: TSOM: TIHed g  &fd |E7ab |

45 HTE: .. | HT: | g | ] TOTH: ... §HT: §¢ | &¢ | P, AT & ¥ B2,
fe
MY

46 e | ] B2.
S
%ﬂxww&;{’gg

3R MM e N WD

47 1119 W.
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=T | & | 900 | 9% | FoquTHT: | 9% | O ITfEEA
? R
K 23

T = 49
EEMIMEIRSHEAUE |

qTg AT I 99 T¥IY & g FAIETed
= | 3 | 9= |50FeT FATL ¢ WFfA T=IfEE 0

R ]2

goo ‘e

9 ()
A9 ISTELOA

FgmamT FafeeamT @€ gFmEST 3 q)
Miﬁ‘ﬁﬁﬁﬂ?ﬁﬂﬁﬁﬂmznm

51 &= gEAT: 2% 52 gfq FETTiorRT |
30 2?
3

(p. 902) FHETALTI O IITEYOA I
TTATEEU (here ends f. 1v) ... WE9N53
(3T HATETERH)

(F® - and FEr-TF&TT and most part
for rectilinear figures in &3 - STG&TT are missing. )

48 900 ] ggo W.

49 Here and hereafter, I leave the irregular sandhi (°% F°) asisin P.
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50 9] @ P;o 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 93 13 P;3 (below ‘9?°) 193 P;o W] & P. For the zero sign see the footnote for the

previous enclosure.
52 92 ] P.
53  gqTE ] EWEP.
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(... NE201)

......... (f. 3r) 3T TUTETA N
Y

4R
ENS

98 <3>3
Y Y

<% o>
CERIS
HTET A 998 ¢ 1|5 F(q Igeea T qHEA |
FAETITT FAA
HATHATATGHAT TR TTEd fgaed i 23cd
IETEIUA
gfefer: & swreaT® g9 TEwe g (6 1E21ab |

=TE: 0
)
(&1 3%
afefa: | 39 | =7 &t | 9o | fa geeE
3 k1
\9 \9
24
3 £ asg
= >‘£‘1 42
54 W.

55 End of the prose comment on the missing E20 for a quadrilateral.

56 )‘.'R (:>\M
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|
(p. 903) &¥: &FATTTT TAA I

T FeA AT SAYANTTGET TR I F5 1157

i el
I FHeasy & w7 % FEa«+ 1 FE4)
=T 0l
3IHL3
<@—,|- 3>58

HET A | oy | (A oW FATHAAAN
2
Y

AT gAA N

waoqwqull-dwm*wi ATHEAGAT J(Adq: WL &1 |
= gqor fgfae wadg sar 159
WWWW@HFM“

IR

FYfaeqagar=ar a9 91 yivAar g4 |61
TIY a2 AT SATATORAT T g ey | FES 1| 62

T |90 | & |03 =T FrorfAfa: quITd a0 ASET SAT & N SHTATUEATL
?

?
TTAI AT Jafaegia: 3o ISfa I g= 1
(p. 904) IS FIA 1164

57  Cited, and ascribed to his father Kesava, by Ganesa of Nandigrama in his com-

mentary on L 213.

58 4]?3 P, 36?3 W,

59 fgifaw.
60 =1.204.
61  goT=aT ] gOT=AY L/ASS, I I L/VIS.

62 =L 205.T9Y P, L/ASS ] T L/VIS; 10T P, L/ASS ] 10 L/VIS.

63 9 (below 92’) ] @ P,o W.
64 g ] e P
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TIETRE: STaee =T fesfaer arg: 160

ST STE AT AT At FEar awir 157166

THAFITIE FOIt aTarasTaTfaaTTe 167

g &ife: wfegfagea=aireas arg: 1F8 158
IITETUA I

FifeIqeEd a7 =T aF & Fia: |
Fife I a: AifeI(@AT T 57 < WFE6169

IS

<4>

E
<Q—,|- Y>7O
TTRAHTO AT F0: Y IS STETEa

SR I IC IR IER S LRI GEE IR

P ECCEARSIR e el K

FIAATET A1 ( 1)

TAEET: ATHS QI a9 qISa |24ab |
SR

e gag=T: & YTEE IgES 1 E21cd 172
(p. 905) =ATE: I

65 ZETETEIT P, L/VIS ] §¥T ATgT L/ASS; I: L/ASS, L/VIS | I P; aeefS=aT L/ASS
] 9T ST (AT AT P, &ITG, 57T W, Fea@Haa| L/ VIS.

66 =L 135.®Ife: L/ASS, L/VIS ] &ifa: P.

67 it L/ASS, L/VIS | &It P; &T:@wiairary L/ASS, L/ VIS ] ST:&ugiY, P.

68 =1,136.

69 - L/ASS 137 (L/VIS 188). &If< P, L/VIS ] &ife: W, &ife L/ASS.

70 3% P, 3> W.

71 GHTT: in margin W.
72 =g | TSP
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L\
13/ Ny 3 |y

X 4

(&7 o &7 5)7
AT FAEET: 93 | 9y I 74 T |TaemasT: |

i o

IKLSEEREEEIRS (;I\’IH\"

I=gaw faat AN FdS wAATEAH 1 24cd 1 73
IETEIUA

TS TG T g=a@d (@ B far 1E22ab 176

a1l

Y
43 1 ul 2 I
54 “
(&7 9 & )’

Ao FAEEAT: 985 | Yo I 78

hahdoddall dGIG(UIH\ll
IwasEfafaETy AT vShv: W g I E22cd

a1l

] AL 2
SR Ten O/ W ey
k] Y P, W 4 W.

74 FTW]TeT P
75 H@Tif: | WY P; ATEAH | ATEAH P.
76 yrgrer | At s=mE P

Y
AN Flws PR PN
(13 ] P, 2% 1 W

78 P puts ‘@e” before the figures.
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2o

90
<Qa- {>79
AT & 180 3TeT el geRedT: 9ue \fa fefashe=smasTa
(p. 906) TTfordTATRTY TAA I
U T I ySETTRfqarsa: 125ab 181
SRTR I
vefaweqedt TE wfq SgE-aTEa: 1E23ab 182

el

2%
(8 90)%
T TAEEdT: 90 ¢ |TATa=T ARTETd: 184 gfq wrfereraaT
FIEATHIRTL I
HAGATE AgTE TNV &= Waq 25ed |

IETg LA
20 2o
3 3 2
79 %0 P, % w.
80  H{TIT: ] AIAT: W.
81 FHfq ] gfaP.
82  FHfq | &fa P.

83 @3; P @“ w.

84 P puts this sentence ‘Q’aﬁ’r_cﬁ' ...”, together with numerical figures ‘3%’ at the be-
ginning and ‘TATAT” instead of “@TT:” at the end, between the figure and ‘T,
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fergr wETger TgT F LA TETUE23cdn
T | 56 IgAge o FHEATGA 3¢ 187 Fog  feraey m sfa fo
L

I N

|
(p. 907) FTATIATT T

g ﬁmgﬂww
AT YA fga i e == 1| F9 || 88

E el
Sarf=gfa: argseaar =q.1%°
TET TNT ST adT aaTs I FE7 1190
EZ RS ||
3
%
?
¢R
3
(& 29)91
a&n‘ﬁrw—ﬁ?rﬁr 92 IsfaT FraTaT 192
rdt==agT g 193

EARIE-s] ERCIRL IR "

gt WAL T | SrIR==aT I F10 194

85 fagr wr ] fagaT P,

86 W repeats the last part of 25cd, v fe 34%?[’, before T,

87 gIgT | g AFA Wi BTATGS | BT AT W.

88 =1 9234. g P, L/ASS, L/VIS ] g W; rgaer P, L/ASS, L/VIS ] TgATAT W.
89 YTE'_L/ASS, L/VIS]wrg P.

90 =1 235.d€7 L/ASS, L/VIS ] &4T: P.

Qb> 3
2 ?>l>
91 p 3w

92 FTEHN] FTEHUL W.
93  &Edt==q | &= P.
94 =1.236.FTATgd P, L/VIS | STaTEd L/ASS; &Tqat==a+ P, L/ASS ] &9&r=q L/ VIS.
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IETETUA

T g ETE T FraTge: S 61 I
drarfegfa: erferadT qareT: sderga=aTg=aqr T IFES 119

NI R Wﬁ?ﬂﬁf 9% WW 3|W‘éﬂﬁﬁ¢m
k4

(L. 3v)fe Erat==a 1 N

(p- 908) fT FraTemasT: | (3fq FagTITEaA 1)

EISERCASEIRAIMERSERC IS IC E I RSl R
HYAd T8 T8 Trarearad aaaa= i R8I

I G TEuar FAa9ad qrad |
YT ey AT e e IF11 1

gfq SEyeETEfat=ar mraastaeT gaTET o’

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, (A), 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 (paribhasa) (begins).

95 =1 287. FETEAT: ] FATSSY L/ASS, TUTSS¥T L/ VIS.
96 Fg® | FF& W; IO ] IT P.
97 four goTaT ] fafer: guTT WL
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Having bowed to Siva, Sridhara teaches the essence of the book of
algorithms (pati) composed by him, in twenty-five verses (slokas) with
clear import. /S1/

Five gunjas shall constitute one masa and ‘kings’ (16) masas one karsa.
The same (when used) for gold (suvarna) is (called) suvarna. Four of
these (karsas) are laid down to be one pala. /S2/

Three gunijas constitute one wvalla; sixteen of these are laid down to
be one gadyanaka. /S3ab/

In (a measuring cup called) kutapa, the depth is one and a half arnigulas
and the length and width are three (angulas each). Four kutapas make
one prastha, four prasthas one adhaka, four adhakas one drona, and
‘kings’ (16) dronas make one khari. /S3cd-S4/

Twenty varatakas (cowry-shells) make one kakini, four of these one
pana, sixteen of these one dramma, and sixteen of these make one niska.

/S5/

Three corns of yava placed vertically (i.e. lengthwise) shall consti-
tute one angula, twenty-four of these one kara (cubit), four karas one
danda, two thousand of these one krosa, and four krosas one yojana.

/S6-S7a/

Ten or eight hastas (cubits) make one vamsa (bamboo rod). One
nivartanais (the area of) the plane figure bound by four (equal) arms
(sides) which are made up of twenty of these (vamsas). /S7bcd/

Eka, dasa, Sata, sahasra, ayuta, and then laksa, prayuta, koli, arbuda,
padma, kharva, nikharva, mahapadma, Sarku, saritpati, antya, madhya,
and pararddha (1017): these shall be the names (of numbers as well
as of places), each of which when multiplied by ten becomes the
succeeding term. /S8-S9/

100000000000000000.

Thus the terminology.

Now (begins) the eightfold fundamental operation (parikarma-astaka).
Rule for the sum (sarnkalita) and the difference (vyavakalita).
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The sum or difference (of the digits) at each (notational) place (should
be taken). In the case of (the sum or difference) with zero, there shall
be no change./lab/

Example.

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

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

Rule for the multiplication (gunana).

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

Example.

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

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 (bhaga-hara).

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 (numbers) shall be the square, and the prod-
uct of three equal (numbers) the cube. /2cd/
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Example.

273

O friend, what will be the square and cube of nine and of ‘three-suns’

(123)? /E2ab/

I
cu
456 789

Setting-down: 1 2 3 1
149162536496481 | 1

234 5 6 7 8 9
8 27 64 125 216 343 512 729

1

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-mula).

When one has taken away the (largest possible) square from the last odd
(place), the even (place next to it on the right) being divided by twice
the root (which is placed in a line for the root), 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 (for the root). (The
two operations, viz.), ‘the even (place next to it on the right) being di-
vided’ and ‘when one has taken away (the square of the quotient),” are
repeated (and each time twice the quotient obtained is placed in the
line for the root). Half of that (number which is obtained in the line
for the root) is the (square-)root. /3—4ab/

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

Rule for the cube-root (ghana-mula).

81,

(In each triplet of notational places), the first is a cube (place) and a
pair of non-cube (places follow). When one has taken away the (largest
possible) cube from the last cube (place), its root being separately
(placed in a line), one should divide its preceding place by thrice the
square (of the root) and place the quotient in the line (of the root).
One should subtract the square of that (quotient) multiplied by three
and by the last (root) from its preceding (place), and also the cube
(of that quotient) from its preceding (place). This operation is further
(repeated) for obtaining the (cube-)root. /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 Sridhara is completed.

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

Rule for the sum and the difference of fractions and the part class (bhaga-
jati).

For the sake of equal denominators, one should multiply the denomi-
nator and the numerator (of each fraction) by mutual denominators.
The numerators having the same denominator are added together or
subtracted (from one another). 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, (what is
the remainder when the same are) removed from three? /E2cd/

Setting-down: | 1 | 1 | 1 | (The fractions) obtained with equal denomi-
2134
nators are | 6 | 4 | 3 | Byaddition is produced | 13 | When one has
12 112 |12 12
subtracted this from three, the remainder is m Thus the sum and the
12

difference of fractions.
Rule for the multiplication of fractions and the multi-part class (prabhaga-

jati).

In the case of the multi-part (class) 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 | By (the operation called) multi-part is pro-
41213

duced 1 Multiplicand u multiplier u By multiplication is
24 3 2

produced u Thus the multiplication of fractions.
6

Rule for the division of fractions.

Having interchanged the numerator and the denominator of the di-
visor, (one should perform) a multiplication (of the dividend) 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 u divisor u Quotient u Thus the division of frac-
6 3 2

tions.

Rule for the square etc. of fractions.

The squares, the cubes, and the (square-and cube-)roots of the denom-
inator and numerator (are made) respectively for the square, the cube,
and the (square- and cube-)roots {of a fraction). /8cd/

Example.

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

Setting-down: | 3 | The squares obtained | 49 | and the cubes | 343
1 4 8

2
The roots obtained | 7 | 7 | Thus the square etc. of fractions.
212

Thus the eightfold fundamental operation for fractions is completed.

Now (begin) the (operations called) class (jati).
Rule for the zero class (Sunya-jati).
In the case of multiplication by zero, (the result) shall be zero. In the

case of the square, cube, etc. of zero (also, the result shall be) zero.
/9ab/
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Thus the zero class.

Rule for the partincrease and the part-decrease classes (bhaganubandha-

bhagapavaha-jati).
The numerator is added to, or subtracted from, the integer multiplied
by the denominator (and the numerator is deleted) if the fraction is of
unity. (But if the fraction is of the preceding quantity), 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 (and the lower numerator and denominator are deleted).

/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 | When these are made into the same color, (the
1)1
3|3

results) produced are | 10 | 8

313

(Setting—down> for the case of ‘its own numerator’: Produced for

313
1|1
1|1
313
this are 4 and 2.

Thus the fourfold class of part-increase and part-decrease.
Rule for the inverse-problem class (vyastoddesaka-jati).

The positive and negative, the multiplier and divisor, and also the square
and root are inversely (applied) to the seen {(quantity) (drsta). When its
own part has been added to, or subtracted from, (the original quantity),
one should divide (the seen quantity) by unity increased or decreased
by that part. /10cd-11ab/

Example.

What is that (number) 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 | divisor 3,
3
and visible 16. The quantity produced is 4. Thus the inverse class.

Rule for the optional-number class (ista-jati) etc.

The visible (quantity) (drsya) is divided by unity which is multiplied, di-
vided, or increased or deceased by part according to the statement (of
the problem). /11cd/

Example.

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

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 (drsya-jati).

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

Setting-down: 1| 1| visible 6. The (number of) parrots produced is 12.
6|3

Thus the visible-number class.

I
Now, a rule for the remainder class (Sesa-jati).

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

1

Example of the remainder class.

When one-sixth (of a flock of parrots), a half of the remainder, and
one-third of the remainder from that (remainder) are gone, ten par-
rots (are seen). /E6ab/
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Setting-down: | 1 | remainder’s H remainder’s H visible 10. The
6 2 3

quantity produced is 36.

Or, otherwise, the fractions (given here are regarded as those) for ho-
mogenization of the creeper (of fractions) by means of the rule of the
partial-decrease (class). Setting-down From the homogenization by

O N F=0 Q) MO b=t =t

o

means of the computation beginning with ‘the denominator is multiplied

by the lower denominator and the numerator ...” (10ab), what is pro-

duced | 5 | By this the seen (quantity) is divided. (The number of) the
18

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 (vislesa-jati).

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

Setting-down: | 1 | 1 | difference of this (pair) | 1 | visible 6. The total
6|2 3

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

-
Rule for the root class (mula-jati).

(The visible quantity that is the original quantity) increased or decreased by (a
certain number of) the root (of the original quantity), is multiplied by four and
increased by the square of (the number of) the root; the square-root (from the
result), when decreased or increased by (the number of) the root, halved, and
squared, becomes the answer (phala). /F2/

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

o
Setting-down: (root of the original quantity, negative) 1, remainder’s 1| rootof
6
the remainder, positive, 1, visible 30. The quantity produced is 36. Thus the root
class.

Rule for the seen-root-part class (drsta-mula-amsa-jati).

Now, in the case of the statement in which (the original quantity is) increased or
decreased by part (of the quantity), the visible is divided by unity increased or
decreased by that part and the calculation of it (the original quantity) is as above
(in the root class). (The number of) the rootalso (is divided by the same). This
is when (each) 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 | root1,visible 129. The quantity produced is 81. Thus
271319

the seen-root-part class is completed.

Rule for the tower class (mada-jati) 98

Aline of like digits corresponding to (each) floor (bhumi) of a tower (mada) is

successively divided by the desired number (ista) increased by one. The quotient

(of each division) is multiplied by the desired number and, (starting from the

bottom, successively) added to the above. Listen to (this) wonderful rule taught

by Narmada®®. /F4/

98  The word mada is not Sanskrit but either Malayalam or Kannada or Tamil (cf.
also méda 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 Itis not certain whether this Narmada is Padmanabha’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,
Narmada, father of Padmanabha, wrote a Nabhogasiddhi in the latter half of the four-
teenth century; three manuscripts of the work are extant in Varanasi and in Bikaner.
Padmanabha, 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 Narmada,” 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 mada. This Narmada, therefore, seems to have belonged to South In-
dia.
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Example.

O disciple, listen (to me). In a king’s beautiful tower (gopura) with seven floors
(ksana)'%0 there were (some) men. On each floor, a man standing below was
(heard) saying in a loud voice, ‘As many of us are here, so many of them came
from the floor (above), for fear of falling down.” O friend, tell the number of
persons on each floor (bhumi) separately. /FE3/

Settlng -down: The same number of men produced separately for each floor
is | g4 | The number (of men) of each floor produced by means of the said

computation is | o7 | Thus the tower class.

Thus the (chapter on the operations called) class composed by the
revered teacher Sridhara is completed.

Now (begin) the three-quantity operation (trairasika) etc.

Rule for the three-quantity operation etc.

In the three-, five-, seven-quantity operations, etc., (the corresponding
terms in) the standard and requisite (sides) are of the same kind (jati).
When one has moved the fruit and the denominators (of fractions)
to the mutually opposite sides, excepting the inverse (three-quantity
operation) 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 ksana 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, ksana stands for a
very small unit of time). It may be either a Sanskritization of an unknown non-Sanskrit
word or a corruption of ksama used synonymously with bhumi of F4a and FE3d, or oth-
erwise a word somehow related to the Sanskrit word ksoni/ ksoni (‘earth’).
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Example.

One hundred mangos are (obtained) for six and a half panas. How
many of them are (obtained) for one dramma? /E7ab/

Setting-down: | 6 | 100 | 16 | Obtained are | 246 | pieces of mango fruit.
1 2
2 13

Thus the three-quantity operation.

Example for the five-quantity operation (parnicarasika).

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 | Obtained for the interest is 24. Thus the five-

2 1
100 | 60
5 0

quantity operation.
Example for the seven-quantity operation (saptarasika).

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 | Obtained is | 19 | drammas. Thus the seven-
10 | 12 1
313 5
81|10

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

Having given (a piece of gold whose purity is) eight varpas ... /E9/

(Here begins the lost portion, for which see Table 2 in the Introduction.)

Now (begin) the eight kinds of procedure.
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Now, an illustrating figure:
25

52
39

24

—_
w|oo
Nel

60
Figure 1t

The area (phala) of this is 1764.1°1 Thus the knowledge of quadrilateral
figures (caturasra-ksetra) is completed.

Rule for the knowledge of circular figures (vrita-ksetra).

The diameter (vyasa) 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? /E21lab/
O

Setting-down:

Figure 2t
The circumference (obtained) is | 31 | and its area | 78 | Thus the cir-
3 4
7 7

cular figure.

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

The area of a bow (capa) is the arrow (sara) multiplied by half the sum of the
chord (jya) and the arrow (isu) and increased by one-‘nails’-th part (i.e., 1/20)
(of itself) /F5,/102

Example.

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

Setting-down:

Figure 3t
The area of thisis | 95 | Thus the computation of the area of a bow.
i
5

Rule for the computation of the arrow (etc.)

The square-root of the product of the sum and the difference of the chord and
the diameter (is taken). The diameter decreased by that (square-root) 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 (the
result as) the length of the diameter of the circle. /F6 = L 204/

Example.

O friend, tell the arrow when a chord ending with a circle!%3 whose diameter is

ten measures six. (Also tell) the chord from the arrow, and the diameter from
the chord and arrow. /FE5 = L 205/

Setting-down: | 10 | 6 | The length of the arrow obtained is 1. When the arrow
111

is known, the (length of the) 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 (etc.)

Rules for oblong (a@yata) and trilateral (tryasra).

In a trilateral or a quadrilateral, against an optional arm (bahu, 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 (koti, upright) by

102 Ganesa cites this half Anustubh verse in his commentary on L 213 and ascribes
it to his father KesSava.

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 (karna, 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 186/

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
Figure 4t

The ear obtained by means of the computation as told (above) is 5, (the edge 4,

and the arm 3). Thus trilaterals and oblongs. .

Thus, the (chapter called) Procedure for Plane Figures in the
Mathematics in Twenty-Five Verses composed by the revered teacher
Sridhara is completed.

Rule for the procedure of excavations (khata).

The (horizontal) 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 Aastas (for each)? /E21cd/

Setting-down:
5

3 5 3 5

14 5
Figure 5t Figure 6t
Obtained are 252 and 75 solid hastas. Thus the procedure of excavations.

Rule for the procedure of brick-piling (¢iti) and timbersawing (krakaca).

The area (phala) is multiplied by the height in the brick-piling and by
the (number of sawing) routes in the timbersawing. /24cd/
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Example (for brick-piling).

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:
5

2 51 2 s

14 5
Figure 7t Figure 8t
Obtained are 168 and 50 solid hastas.

Example for the procedure of timber-sawing.

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

Setting-down:

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 (rasika).

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

Example.

In the case of a heaped-up grain whose circumference is thirty-six, what
shall be the volume in bahus (= hastas)? /E23ab/
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Figure 10t

Setting-down:

Obtained is 144 solid hastas, which measure the same in Magadha’s
Khari. 104
Thus the procedure of heaped-up grain.

Rule for the procedure for shadow (chaya).

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

Example.

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

Setting-down: gnomon 8 arigulas, shadow 24 argulas. Obtained is the
elapsed or remaining portion of the daylight u Thus the computation
8

of (the elapsed or remaining portion of) the daylight.

I
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) arnigulas?
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 Kharika” stipulated in the treatises.’
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Setting-down:

)=

3

Figure 11t

The (length in) argulas of the shadow obtained is 12. Thus the knowledge of the
shadow.

Rule for the knowledge of the height of the lamp (dipa-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 (obtained). /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 argulas (in length), how much will be the
height of the lamp? (Also,) at that time from this (height),'% the distance be-
tween the lamp and the gnomon should be told to me. /FE8 = L 237/

Setting-down: gnomon (in angulas) 12, shadow in argulas 16, distance between the

gnomon and the lamp in hastas 3. The height of the lamp obtained is | 11 | hastas.
4

Thus the height of the lamp. .

Thus the procedure for shadow.
(Concluding remark.)

May you not fall in the cunning snares of the works of critics. Read again
and again (this) textbook on mathematics composed by Sridhara,
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 Sridhara. /F11/

1

105 Instead of ‘(Also,) at that time from this (height),” 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 ( Verses) composed by the revered
teacher Sridhara 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
Sridhara and that the work is an epitome of his larger work. The god to
whom homage is paid, Siva, is also common to the two works as well as to
the PG.

$2: 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 ma ka pa
gunja 1
masa 5 1

karsa* 80 16 1
pala 320 64 4 1

*One karsa of gold is suvarna.

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

S3ab: Weight, system 2.

gu va ga
gunja 1

valla 3 1
gadyanaka 48 16 1

The weight units valla and gadyanaka 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

gunija 2 1

valla 6 3 1

dharana 48 24 & 1

ghataka 84 42 14 13 1
gadyanaka 96 48 16 2 11 1

(The units of system 2 are italicized.)

S$3cd—-S4: Volume.

Def: Measuring cup for one kutapa=3x 3 x 1 % angulas = 13% cubic argulas.

ku pra a dro kha
kutapa 1
prastha 4 1
adhaka 16 4 1
drona 64 16 4 1
khari 1024 256 64 16 1

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

According to L 7-8,

1024 kudavas =1 khari=1 cubic hasta,

where hasta is the same as kara, that is, 24 angulas. Hence follows exactly
the same value of kudava as above,

1 kudava = 13% cubic angulas.

Srinivasan 1979, 71, says without documentation that Bhaskaracarya’s
kudava is defined by ‘a vessel ... in the shape of a cube measuring 3%
angulasin every dimension.’ This kudava is equal to 42% cubic argulas and
about three times larger than the above kudava inferred from L 7-8. I can-
not find the mention of ‘a cube measuring S% arigulasin every dimension’
in any of Bhaskara’s works.
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S$5: Money.
va ka pa dra ni

varataka 1
kakini 20 1
pana 80 4 1
dramma 1280 64 16 1
niska 20480 1024 256 16 1

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

va ka pa pu

varataka 1

kakini 20 1

pana 80 4 1

purana 1280 64 16 1

S6-S7a: Length.
ya a ka da kro yo

yava 1
angula 3 1
kara 72 24 1
danda 288 96 4 1
kroSa 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 angula, in L 5-6a.

S7bcd: Area.

Def: Measuring rod of one vamsa (‘bamboo’) = 10 or 8 hastas (or karas).
1 nivartana = area of the square of 20 vamsas x 20 vamsas.

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 vamsa 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.

8$8-59: 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),
mahasaroja (Tr, PG) for mahapadma (big lotus), and saritam pati ('Tr, PG)
and jaladhi (L) for saritpati (lord of rivers or sea).

lab: 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’ (samkalita) 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,

at0=a, O04+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.

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

60
9 100
12 81

(Sum)81  (Diff) 19

With regard to the first example for the sum of integers (7 + 8 +9 + 16 +
93 4+ 60 + 76 + 50) given in GT 14, the commentator Simhatilaka (14th
century) describes the actual procedure for the summation as follows.
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Y@ AT T T4 q9 AU SETTIATThAVTY: THIRaTafmraarg s
TEATATTHRACHATET  fafear 116 geersr fam ot T
TEEW W 117 gy faraT A9 SrarEgiawia: ¢ | seaTiesAm )
TUTITSZTA | 18 yeaufaacnyomsd faemeaar Srar a9 & 110 gaws
YERY STAT: TR Y 109w gearggonar faferar: ... 1110 (GT, pp.
3-4)

On a writing board (pattaka) or on the ground (bhumi) 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, (the summation is made) in the direct
order. Similarly, (the summation may be made) from the lowest digit.
The three (of the ninety-three) added to the six existing in the seventy-
six becomes nine 9; when the six (of the sixteen) 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 Direct order: Sum of the units’ place = 7+ 8 + 9 +
1 6 6+34+0+6+0 = 39. Sum of the tens’ place =
9 3 1+94+6+7+5+3=31.Total = 319.
6 0 Inverse order: Sum of the units’ place =0+ 6+ 0 +
76 34+6+9+ 8+ 7 = 39. Sum of the tens’ place =
g 8 3454+7+6+9+1=31.Total = 319.

3 1

106 surfaegria | sEt geatts GT; fefaary | fafearsg GT, @ 1 @ GT.
107 farar a7t ] farmmsst GT.

108 FUTYTSETA | ] TUT A=TsFT GT.

109 geRvURST | FeRsTeaST GT.

110 qgesr ST | 79T GT.
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Icd: 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 kapata-sandhi (‘door-junction’) in the Tr and PG (kavata-in PG). Tr
5—6ab = PG 18-19ab read:

fa=reamaT v FETedfRrERAT U |
TUATEA AT A AT a7 /A 1 Tr 5 = PG 1811
ITATAICHTE qad: HATedf-aniareg &I Tr E80 I 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, Il mov-
ing (the multiplier) each time. This process is known as kavata-sandhi
(“the doorjunction method"). (tr. by K. S. Shukla, ‘I added by me)

According to this, the multiplication by the kapata-sandhi was made ‘in the
inverse or direct order’ (vilomagatyanulomamargena va), but the GP refers
to the ‘inverse order’ only. See the phrase ‘the digits of the multiplicand,
beginning from the last (place)’ (gunyasyantyadikan ankan). The decimal
places are numbered from the units’ place and therefore the ‘last place’ is
the highest place.

Elcd: Examples for multiplication.
127 x 24 = 3048, 16132 x 123 = 1984236.

The working process of the first example by means of the kapata-sandhi in
the inverse order may be reconstructed as follows. The productat 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.

2 4
Multiplier: 24 _ Q.
Mﬁltiglicand: 127 2x4=8: 2887
2 4 3 .,
1x2=2: 2127 Move "24" 285;
94
Ixd4=4: 2427
o 7 x 2 =14, 24
Move 24 2%, 988 +14=302:3027
2% 2 =4, 24
4i4:8~ 2827 / 7 x 4 =28, 24

204+28=48: 3048
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According to the anonymous commentary on the PG (p. 13), the kapata-
sandhi in the direct order is carried out as follows.

Multiplier: 24 2x2=4: 24
Multiplicand: 1 2 7 944—6: 1648
7x4=298: 24
1238 Move 24’: 2 4
1648
7x2=14 24
2+14=16: 1268
1 1x4=4: 24
Move ‘24’ 24 6+4=10:1048
1268 7
1
2x4=8: 2 4 .
16+8=24: 1248 Ix2=2: 24
2/ 1+2=3: 3048

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 kavata-sandhi is easy to do in the inverse
order. Therefore it has been mentioned first (in the verse).” (vilomagatya
kavatasandhih sukara eva iti sa eva purvamuddistah).

The anonymous author of a commentary on the Tr preserved in A2 tells
us another variation of the kapata-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 x 37) of Tr E3 reads as follows:

AR IEEAEASIE IR LS E IE R 12 geaT AT AU e

T %%

2 | Frre 3 e | s (L) o | 3399

(Tr, A2, fol. ba)

111 grfasrewrarar | Srerer e A2.

112 3 9 3 9 A2.
T % &

]
TR &




THE GANITAPANCAVIMSI ATTRIBUTED TO SRIDHARA 295

Setting-down of (the multiplicand) eight hundred and ninety-six

(together with the multiplier, thirtyseven) |3 7 By the
8 9 6

multiplication with repeated shift (of the multiplier) produced is

(That) by which (the multiplicand is) 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: 37 Move ‘37’: 37
Multiplicand: 8§96 24636
57
8x3=24: 37 26
2489 6
6x3=18: 37
8 x7="56: 37 24636
2469 6 578
5 26
1
Move ‘37’ 37
2469 6 6x7=42: 37
5 24632
578
9x3=27: 37 264
2469 6 1
57
2 Delete ‘37: 2463 2
578
9x7=63: 37 264
24636 1
57
20 Add up: 33152

TrE3=PGE3: 1296 x 21 = 27216, 896 x 37 = 33152, 8065 x 60 = 483900.
Tr E4: 987654321 x 753 = 743703703713, 6543 x 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 Elcd).
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: 304 8
Divisor: 24 19
Quotient: 1 24-4x2=16: ;ZS
3—2x1=1: 104 8
24 19
Move ‘24’: 168
1 24
10—-4x1=6: 648
24 1927
16 -2x7=2: 28
1 2 4
Move 24’: 64 8
24 197
12 28—4x7=0: 22
6-2x2=2: 24 8
24 /

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, 123° = 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, 25 = 625, 36% =
1296, 63% = 3969, 4322 = 186624, 7802% = 60871204.

Tr E6 =PG E5 (cube): 13 = 1, 9% = 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).

V81 =9, V15129 = 193.

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

o o o]l Rootx?2
15129
1-12=0: 5129|2
5—(2-1)-2=1: 1129|2
11-22="7: 72924
72 -924.3=0: 9124 6
9-32=0: 0024 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).

V729 =9, V1860867 = 123.
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The working process of the latter may be reconstructed as follows (c = cube
place).

C C c| Root

1860867
1-13=0: 860867|1
8—(3-1%).2=2: 26086712
26—-3.1-22=14: 14086712
140 — 23 =132 : 13286712
1328 — (3-12%).3 =32 3267(123
326-3.12.32=2: 271123
27 -33=0: 0123

6¢d—7ab: Part class and the sum and difference of fractions.

ad *£ be

+c
d

ad
bd

+bc
bd

ad =+ be
bd

a

b +

— —

a ¢
b~ d  bd

The part class (bhaga-jati) 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’ (kala-savanana in Tr and -savarna 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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E2¢d: Examples for the part class and the sum and difference of fractions.

111 643 13

34 12]12|12 12

3|13 _, |36/13| _, [23

112 |1212]  [12
TrE7=PGE6 (sum): }+ s+ 1+ L =320+ 3-h+6="2.
Tr E8 = PG E8 (difference): 1 — __%_ézo 5 ( —§)—2%:%.
TrE13=PGE14 (partclass): s+ 5+ 3 +i+5+3+3 4242404748 =
305
72520'

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

1T @
Hz lb

3 . ’ =~ ey s a s, ag > [ :
The ‘multi-part class’ (prabhaga-jati) is expressed as 7L’s ﬁ s... 3 while

ai
by

d2 e
bol- - -

an

by

ayag - - - ay
bibo - - - by

" oa;
I =

ai

‘multiplication’ (gunana) as 3t multiplied by Z—; multiplied by ... multi-
plied by 7*.

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 6¢cd-7ab above.

Tr 20ab = PG 33ab treat the multiplication of fractions.

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

. 1/1]1 1
Multi-part class: 4lols| M
Multiplication: U

Tr E9 (multiplication): 31 X 11 = % % % = %.
PG E10 (multiplication): 2§ x 1§ =32,603 x 3 = 1502.
Tr E14 (multi-part class): 1 x %—i— (1x %) %+{( X %) X %} % of kakini
= 14 varatakas.
: .9l 1 1 1 3 __ 68
Tr E15 (multi-part class): 25 X 3 +3 X 5+ 3 X 15 = g9-
PG E15 (multi-part class): % X % X %+% X % X (—1) X % +2% X % X % = 2351200%
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8ab: Division of fractions.
alc a|d adf  a ¢ _a _d ad
pld) T lblel Tleel b T aT T b
Tr 20cd = PG 33cd give the same rule for division.
Example (the reverse of the second example of E3ab).
11 . 13 _ 1
6|3 6|1 2
TrEI0=PGEIL: 65 + 2§ =23, 60] + 35 = 175

8cd: Square etc. of fractions.
a a® ) a\?2 _ a?
b — Ssquare b2 . (Z) = b—Q,
3 3
U . Cubeu (8 =5
U va \/3 Va
— square- rootM : -= —,
b b Vb
.ja v a
M — cube-root \\3/[; @ 7= %

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.

U [ ooefi]
— square — — cube

— square-root 7 343 — cube-root 7
d 9|’ 8 2
TrE11 = PG E12 (square): (25)? = 63, (57)? =277, (3)* =1, (5)% =
1
§.
Tr E12 = PG E13 (cube): (74)% = 421%, (151)% = 854627, (1)® = &,

3 =5

3/ T 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.

ax0=0xa=0, 0°=0, 0°=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.

a
. b +b
Part of unity: H_) ac+b Coax-=2
c ¢ c
¢
a
. b a(dxc)|  a
Part of oneself: I bd Yy +
d

Tr 24 = PG 39 give the rules for the partincrease class and PG 40 for the
part-decrease class. The Tr edited by Dvivedi 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.

_a(dxc)
b

>
Ul o

E4ab: Examples for the partincrease/decrease class.

3x3+1 10| I 10

Q9

3
o 3x3-1 8 1 8
W= s |73 " > 373
3
3
1 3x (341) 4 3 31 4
I T R I B R
3
3
1 3x (3-1) 2 38 3 1 2
ol — — L= = = =
1 3 1] 1 13 1
3

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

Tr E16 = PG E18 (part of unity): 1§ + 5 + 83 =3 + % + % = 157;.
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Tr E17 = PG E19 (part of oneself): sl 3dy. 14 {(Sl) . l} Ay % +1.
1 1 1 1 245 5 15
5t 3) 2=, t5=7%
10cd—11ab: Inverse-problem class.

xta=b — x=bFa, xxa=b — x=b=a,

x+-a=b — x=0>bxa, X=a — x = a,

Vi=a — x=ad, x:l:%~x=c — Y=o
The Tr edited by Dvivedi does not treat this topic. PG 78 gives the same
rules except the last. Itis 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:

c 1
X1 —2=x9, X9 X3 =x3, xé:x4, x4+§x4}:x5, x5~ 3 =16.

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

48
x5 = 16 x 3 =48, x4=1+1/3=36, xg = V36 =6,

Xe=6+3=9 x;=24+2=4
PG E102: x; X%:XQ,DC2+3=X3,DC§ = x4, x4 +9 = x5, \/X5 = X,
x6—1:4.x1:4%.

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’ (ista-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 $): 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.



THE GANITAPANCAVIMSI ATTRIBUTED TO SRIDHARA 303

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 Ebab,
L 52) is designed for the optional-number class itself but the other three
are originally designed respectively for the visible-number class (GP Ebcd,
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 Sripati 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 X 3 =x9, x9-+b=uxs, x3+g~x1=x4, x4 +~4=2.

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

statements.
3 3 1 4 4 1
1 = - = -, — —-1:—, —74:—
x3=3 3+8=5 43 5 5 5
Hence follows: )
X1 =2+ 5= 10.

L 52 (number):x1><5:x2,x2—%-x2:x3,x3+102x4,x4+%-x1+

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

X
— = —==06.
763
Solution (reconstructed): Assume x = 1 and calculate according to the
statements.
1 1 1
1l—=—-—=-=-.
6 3 2
Hence follows )
x=6=+—-=12.
2

Tr E23 (pillar): x — 5 — & — {5 = 2 hastas. x = 8 hastas.
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Tr E24 (pillar): x — 5 — 5 — g — § = 49 arigulas. x = 21 hastas.

Tr E25 (plllar).x—g—l%—f—3 = 12 hastas. x = 6 hastas.

Tr E26 (pearls): x — 5 — 5 — § — 15 = 6. x = 30.

Tr E27 (elephants): x— (3 +5-3) — (3+%-4) — (5 +%-§) = 4. x = 1008.
Tr E28 (wasps):x — g — 5 — 3 — 5 — 50 = 1. x =60

TrE29 (number): x— (3 + 3. ) — (242 1) — (2 4+ 2. 1) = 11. x = 3600.
PG E96 (pillar): x — 3 — 5 — § = 3 hastas. x = 12 hastas

L. 53 (lotus flowers): x — 5 — 5 — § — 7 = 6. x = 120.

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

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

al ao ay
X] — — X1 = X9, X9 — — - X9 = X3, ey Xp — — +Xp = C.

by
o) i)

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.

Rule:

Eo6ab: Example of the remainder class; parrots.
Statements of the problem:

X] — Exl = X9, X9 — §X2 = X3, X3 — gxg = 10.

Solution 1 (reconstructed) by the rule of the optional-number class
(11cd): Assume x; = 1 and calculate according to the statements.
1 5 5 1 5 5 5 1 5 5

l——1=2, 2_-.2 -, 2 __. iy
6 6 6 26 127 12 3 12 18

Hence follows

Solution 2 by the rule of the optional-number class (11cd) with the help of
the rule of the part-decrease class (10ab): Assume x; = 1/1 and apply the
rule of the part-decrease class.
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15| 5] =110 = 1|5
1 6 12 36 18
1 1 1

6 9 3

1 1

2 13

1

13

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

10 15 30
IRy Al pun v A el w7
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.

3 =10+ {(6-1)(2—1)(3—1)+ (6-2-3)} = 36.

X3 36.

PG E97 (number): x; — %xl = X9, X9 — %xg = X3, X3 — %xg = X4, X4 — %x4 =

3. x1 = 360.

1 1 6
L 54 (money): x1 — gx1 = x2, x9 — §x2 = X3, X3 — 7X3 = X4, X4 — 15X4 = 63
niskas. x1 = 540 niskas.

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
Ebab above) after rewriting the statements of the problem. The L treats the
above problem (L 54) as an example for the optional-number operation.

Eo6cd: Example of the difference class; cows.
Statement of the problem:

X X
—(z—=) =6
¥ (2 6)
Solution (reconstructed): Calculate the difference of the two fractions,
X
— 2 =6,
T3

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.

PGE98 (cows): x — 5 — 3 — (5 — 3) X 2=
L. 55 (black bees): x — 5 — 5 — (5 — 5) X
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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 +ayv/x = b.
Rule:

X =

(\/4b+a2:Fa>2
5 .

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.

IE1: Example for the root class; purely numerical.
Statements of the problem:

1
X1 —\/HZXQ, XQ—EXQZX3, x3 + /x3 = 30.

Solution (reconstructed): By the root class,

Vixs0+12-1\°

2

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, xo = 30. Again by the root class, x; = 36.

PGE99 (number): x1 —/x1 = x9, xg—%x«z = X3, X3—\/X3 = X4, x4—%x4 =
x5, X5 — 2y/%5 = 8. x1 = 36.

L 67 (swans): x — 5y/x = 2. x = 16.

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

I3: Seen-root-part class.
Type of problem:

x + % cxEe/x=d.
Rule: Rewrite the problem as

. d
T 1ta/d’

Vx

¢
4+ .

TTxa
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:

1 1 1
X+ —x+ —x+ —x + /x = 129.

27 3 9
Solution (reconstructed): The three fractions are added up,
13
x 4+ ﬁx + Vx =129,

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

\/4'<129+3_2>+(1+3—3)2—1+3—2

2

= 81.

PG E100 (monkeys): x — (5 +3 - 3) —x=2:x=9.
L 69 (swans):x—l()f—%x:?x?).x:144.
L70(arrows):x—4\f—§:6+8+1.x:100.
L71 (wasps):x—\/x/72—8x22.x:72.

L 72 (number): x + 18y/x 4+ 5 = 1200. x = 576.

I4: Tower class.

Type of problem: Let n be the number of the floors of a tower and x; 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,
x;, y and a are integers.

Xn - P =9
Xn—1 Xn—2
Xp_1+ - =95
a a
X2 X1
X9 T+ — — o =D
X1

xl—{—; =
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Rule: Let us assume that a solution for y (say #) has already been obtained.
The verse prescribes an algorithm for obtaining x;, 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)’ (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 x;. In this rule, a is called

the ‘desired (number)’ (ista) and b ‘like digits’ (sadrsa-arika).

a @ (3) i (4)baﬂd (5)
b lb) alb btm+b((l'~__l)2+.'.+w:xn
ab a a a _
@t Gt @ e T e T e
b ab ab ab _
@D?  (@rD? @D T e = %2
b b ab ab —x
1

(a+1) (a+1)  (a+1)

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

__ Y
= a+1
Wy X1 ay ay
ey S s TR (a+1)2
ay | Xeo @y ay ay
Xp_—1 = —+ = + (++—
=1 a+1 a+1 a+1 (a+1)2 (a + 1)1
Xp—1 ) y )
n=) a ) a+1  (a+1)2 (a+ 1)1

From this it is also obvious that y must be a multiple of (a+ 1)"~1in order
that every x; 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 Trisatika. For B2 see under Sridhara- Trisatikain 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 Trisatika 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 la is not. It is therefore very likely that
someone, possibly the previous owner of the manuscript (Yati Hemacan-
draJi, 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 Trisatika. 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 (ista, say ) 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 () to it. (4) To the sum repeatedly apply the same calculations, that
is, (i) division by (¢+ 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 4 into those having equal de-
nominators and delete the denominators. The results are the solutions for
x; and y. In this rule, a is called the ‘multiplier’ (guna) and b the ‘optional
(number)’ (ista).

b

Tt Gt =

(a+1)
(anr_D b
b— ,Hil (Hal];nfl + -+ (a’fl) = Xp—1
Step (5) is necessary because here the results (x1, X9, ..., x,) of Step (4) are

not integers unless the optionally chosen number 4 is a multiple of (a +
1)1,

Among the manuscripts of the Trisatika 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 =)
X6 + X6 — X5 =),
X5 + X5 — X4 =),
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X9 + X9 — X1 =Y,
X1 + X1 =9.

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

1) (2) (3) (4) and (5)
64 64 64 x 1 =64 (63 +64)/1 = 127 = x,
64 64/26 =1 1x1=1 62+1=263 = X
64 64/2°=2 2x1=2 60+2=062 = x5
64 64/2* =4 4x1=4 56+4=060 = x4
64 64/22 =8 8x1=8 48+8=156 = x3
64 64/22 =1616x 1 =16 32 + 16 = 48 = %o
64 64/2 =32 32 x 1=3232 =x]
Example in the Patan Ms. H]JM 10728 (see the Appendix).
X4
X5 Y =5
X4 X3
X4 + 99" Y
X3 X9 _
BWrtg g =P
X9 X1 _
Wt T =Y
X7

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

121

o
81 — %5
40 40
97 B
13 13 80 _
9 % 8T — %4
4 4 2% _ 78 _ .
379 97 =81 — %3
/
_ 1 8 72 _ 1
b=1—3 9= 81 = X9
\
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Delete the denominators 81’s and a set of solutions is obtained: {x;} =
{81x!} = {54,72,78,80,121} and y = 8156 = 81.

12-3ab: (2n 4 1)-quantity operation.

When the quantity (y) of a certain category (for example, price) is propor-

tionate to the quantity (x;) of each of n categories (for example, length,

width, weight, number, etc.), and if y = b when x; = a; for all ¢’s, then
y= bl_% 1%

=14

The computation is carried out as follows.

(1) The ‘standard’ (pramana, a;) and the ‘requisite’ (iccha, x;) of each cat-

egory are put side by side and at the bottom of the columns the ‘standard-

fruit’ (pramana-phala, b) and the ‘requisite-fruit’ (iccha-phala, y) are also

put.

(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 x; in this case) is divided by the product of the terms of
‘the side with fewer numerators’ (the side of @; in this case).

This rule includes the three-quantity operation:

al X1 _ ay X1 bxl
by y b a’

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

bx1
ay|blx1| — y:a.

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.

ax| oo ab
by X1
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This is usually expressed as follows.

b
aylblx1| — y:ﬂ.

X1

As the example for the inverse three-quantity operation (E9) is lost, it is
impossible to know which style its nyasa 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-nivrttr) 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 4+ 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-Biruni (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.

[)anas 1—; % 13 16 16 x 2 x 100 2 .
: - |1 2 — —————— = 246— pieces.
mango|100 - 100 13 x 1 13
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But the nyasa of this example put the three terms as usual in three cells
arranged horizontally, which implies the following computation.

1001 100 x 16
610016/ —X_100><16><3_2462
1 6% 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 karsa, 10% panas,
9 palas 1 karsa) = 4 puranas 13 panas 2 kakinis 16 varatakas.

Tr E31 = PG E26 (black pepper, money-weight): (1411 panas, 1% palas, 10— %
panas) = 10 palas 1 karsa 3 masas 4% gunjas.

Tr E32 (grain, money-volume): (100l coins,!14 60% kharis, 1 coin) = 9

dronas 2 adhakas 2 prasthas lm kudavas.

Tr E33 = PG E27!15 (grain, volume-money): (1% dronas 3 kudavas, 8 coins,
1 khari 1 drona) = 873 coins.

Tr E34=PGE29 (gold weight-money): (1 suvarna, 70 coins, 1 — masa)

=3 }Z(%) coins.

Tr E35 = PG E30 (a man’s walk, length-time): (8 yojanas, % day, 100 yojanas)
=8 months 263 days.!!6

Tr E36 = PG E31 (a worm’s crawl, length-time): (% angula, }1 day, 10 yo-
janas) = 33600 years.!1”

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% coins.

Tr E38 = PG E34 (pearls and necklaces, number-number and number-
number).'18 Tr: (1 necklace, 8 pearls, 20 necklaces) = 160 pearls, (6 pearls,
1 necklace, 160 pearls) = 26% necklaces. PG: (8 pearls, 20 necklaces, 6
pearls) = 26% necklaces.

114 §ridhara often uses the word ripa 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 ripaka 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).!!® Tr: (1 suvarna,
16 varnas, 168 suvarnas) = 2688 varnas, (11 varnas, 1 suvarna, 2688 varnas)
=244 suvarnas b masas 4% gunjas. PG: (16 varnas, 168 suvarpas, 11 varnas)
= 244 suvarnas b masas 4% raktikas.

PG E28 (grain, money-volume):!'2° (100% coins, 60% kharis, % coin) = 2
dronas 1 adhaka 2178 prasthas.

301
PG E32 (an elephant’s walk, length-time): (%(l + %1) (1- %) 1+ %) yojana
per {6 1.4 % (1+ 1)} day—2(1 — %) yojana per 1§ days, 1 day, 100
yojanas) = % day.121

PG E33 (aman’s earning, money-time): (7% coins per 1% days—% coin per
day, 1 day, 100 coins) = 19% days.

L 74 (saffron, money-weight): (% niska, 2% palas, 9 niskas) = 52 palas 2
karsas.

L 75 (camphor, weight-money): (63 palas, 104 niskas, 12}1 palas) = 20 niskas
3 drammas 8 panas 3 kakinis 11% varatakas.

L 76 (brown rice, money-volume): (2 drammas, 1% kharis, 70 panas) = 2
kharis 7 dronas 1 adhaka 2 prasthas.

E7c¢d: Example for the five-quantity operation; interest.

3 12
3 12
mon.thi 2d 12 12x2x60x5
— _— = .
_capita 100 60 3x 1 x 100
interest
5
Hereafter, in the references to other texts, I express the two vertical
columns of a five-quantity operation etc. horizontally as (a1, as, ..., ay, b;

X1, X2,...,%,) 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): (4 month, 1005 coins, 13
coins; 7% months, 17 — % coins) = 5% coins.

Tr E46 = PG E41 (gold, purity-weight-money): (16 varnas, 1 suvarna, 60
coins; 10 varnas, 63 suvarnas) = 2362% coins.

Tr E47 (gold, purity-weight-money): (16 varnas, 1 suvarna, 73 coins; 11
varnas, l% suvarnas) = '75322 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’.



THE GANITAPANCAVIMSI ATTRIBUTED TO SRIDHARA 315

1

Tr E48 = PG E42 (gold, purity-weight-money): (16 varnas, 5

suvarna —1
gunija, 20% coins; 11% varnas, 3 gunjas) = 1% coins.

Tr E49 = PG E43 (wages for carriers, volume-length-money): (8 dronas, 1
yojana, 6 panas; 1 khari 1 drona, 3 yojanas) = 2 puranas 6 panas 1 kakini.

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% (the
monetary unit not given).

L 84 (interest, time-money-money): (1% months, 100, 5%; 3% months,

62%) = 7% (the monetary unit not given).

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

pieces | 1 2 1 2

length |10 12 _ 10 12 ~ 2x12x3x8 _ 191 drammas

width | 3 3 3 3 1x10x3 5 )
drammas | 8 - - 8

Tr E51 = PG E45 (blanket, length-length-number-money): (2, 8, 1, 10 coins;
3,9,2) = 33% coins (the unit of length not given).

L 85 (cloth, length-length-number-money): (3 hastas, 8 hastas, 8, 100 niskas;
% hasta, 3% hastas, 1) = 0 niska, 14 drammas 9 panas 1 kakine 6% varatakas.

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 varnpas 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% varnas, 100% suvarnas, 10}L

varnas) = 122 suvarnas 8 masas 430 raktikas.\?*

122 DvivedT’s text of the Tr reads 12 and TYUIT: respectively for 122 and ATYT:. The
former must be a misprint. The word rapana cannot be attested in any other Sanskrit
works. Dvivedi glosses the latter as follow (p. 19): VIS99 ﬁ?‘ﬂ': ITEfRRTR AT T
gfa wTforae: faeafa | But all the manuscripts of the Tr I consulted read ATT and not
TYIT. Dvivedi does not specify the manuscript he used for his edition.
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L 80 (gold, purity-weight): (10 wvarnas, 1 gadyanaka, 15 varnas)
gadyanaka.

©olno

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 (== 189 224) though
one of the two 2’s is missing. Therefore, the quadrllateral is determmed
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= /(88— 25) (88 — 39) (88 — 60) (88 — 52) = 1764,

where (25 4+ 39 4 60 4 52)/2 = 88, as it is a cyclic quadrilateral, or from
the two diagonals (56, 63),

T

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,'?® and Tr 43

123 Dvivedi’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:

wﬁﬁggﬂﬁaw f& nﬁm’a‘uTr E80 1l

The word ﬂﬁf (‘in straight’) of the fourth 9T% does not make sense in this con-
text. ﬂz_\g'ﬁ' & should be emended to ﬂm@' (‘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:

Whatis the calculated (area) of that (quadrilateral) 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, Sridhara 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.

ATFqEAIg A fgfaamer fAs=EgeT |
RIS ATGE ST =TIaY a9 T PG 11011
AT ERQT (& FAANT GTIIT ST | PG 111abll

Elongated and equilateral quadrilaterals, equi-bilateral and equi-
trilateral quadrilaterals, inequilateral quadrilateral, equilateral, in-
equilateral and equi-bilateral trilaterals, and also circle and bow: Il these
are the ten (basic) 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 ¢ the flank sides, and d the top of
a quadrilateral, and & the height when it is equiperpendicular. Sridhara
prescribes

a+d

A=
2

h (PG 115)

for equiperpendicular figures and

A=/(—-a)s—b)(s—0)(s—d) (PG117),

where s = ”’*”%’, for inequiperpendicular figures. Both formulas are
also meant for the three kinds of trilaterals where d = 0.



318 T. HAYASHI

Table 3: Sridhara’s Classification of Quadrilaterals
Equiperpendicular Inequiperpendicular in PG

Straight-face Non-straight-face o Tr
Equilateral D ]
Elongated ﬁ ]
Equi-bilateral o\
Equi-trilateral /j Q
Inequilateral /—\ //\

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

A=ab (Tr42ab)
for equilateral and elongated quadrilaterals,

a+d

A= b (Tr 42¢d)

for ‘other (straight-face) quadrilaterals’,!24

A= \/(s —a)(s—=0b)(s—¢)(s—d) (Tr43abc),
125

for non-straight-face quadrilaterals'=> and trilaterals, and lastly

A=g~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 Sridhara’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 (rju-mukha) and in
Tr 49 (rju-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’ (anrju-mukha) for ‘inequiperpendicular’ quadrilat-
erals. This expression does not occur in the Dvivedi’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 himselfis ambiguous about the condition of the formula. He
prescribes two formulas in one verse, one for a ‘gross’ area (sthula-phala)
and the other for ‘accurate’ one (suksma-).

5[ . ii \1; \1; : l
AT qE S TaTdreds aAH I BSS 12.21 1

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+d>< b+c
2 2

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

A=

(1) 12, 12, 12: gross 72, accurate v/ 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%, accurate 1764.

Prthudaka uses the same quadrilateral (8) for explaining Brahmagupta’s
rules for the diagonals of an ‘inequilateral’ (visama) 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 (suci-ksetra, 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 Sridhara, Bhaskara
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II, and even the commentator Prthudaka, misunderstood the condition
of Brahmagupta’s formula. Bhaskara II says:

[FAEIMIE G R IR s el
WHWWWWWFIILI%II
mﬁaﬁ?ml

aﬁﬁwﬁgﬁgma‘a@ﬁnmmn

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) (given by them as) determinate.
(But, even if the four sides are given, its diagonals are indeterminate
and the figure is not necessarily inequiperpendicular.) Tell (me) then
other pair of ears and, (when it is equiperpendicular), the equal
perpendicular and the ears.

In the prose passage that follows, assuming one of the diagonals to be 32,
he obtains another diagonal, V621 4+ V2700, and then, assuming the fig-
ure to be equiperpendicular, he calculates the perpendicular, v/38016/25,
and the diagonals, V5049 and V/2176. And then he concludes that prose
passage with a criticism of his predecessors beginning with Brahmagupta:

@Wéﬁ?mﬁ?ﬁﬁmm \gaHAf-aae s fgamEe
mﬂﬁ |TETA TUT | (End of the prose passage after
L 187)

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

23cd: Circumference and area of a circle.

292 22 /d\?
C:7d A:7(—> .
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The Truses y10/1 for the ratio of the circumference to the diameter (7):

d 4
C=vV1082, A= 10(5) (Tr 45).

This is the only approximation to that ratio (w) preserved in the extant
works of Sridhara 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

RS

2
\/{d§+(d1+d2)2+d§} x 10 x h

h 2
“;r h) w109  (Tr 47);

_ Tr 54);
4 54 (Tr 54);
AR
V:§+§Xﬁ (Tr 56).

In the last formula, 19/6 is used as an approximation to V/10:
1 19

V10~ 3+ 5%x3- 6"
However, it has been logically inferred from Raghavabhatta’s statements
in his commentary on the Saradatilaka that one of his lost works, namely
Brhatpati, employed V10/1 for practical calculation and 22/7 for accurate
one. See Hayashi 1995, 244. Therefore, Sridhara was the first in India who
used 22/7 for that ratio. Bhaskara II employed 22/7 and 3927/1250 (L
199).

E21ab: Example for the circumference and area of a circle.
Given d = 10. Answer: C = 312, A = 781.

Tr E85: Given d = 10. Answer: C = v1000, A = v 6250.
For the calculation of these square-roots, Tr 46 (= PG 118) gives the ap-
proximation formula,

VKa® _ [VKd?]

a a

VK =

5

where «a is an optional large integer and [VKa?] is the integer part of
VKa2, 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, thatis, C ~ 313}, A ~ 79g;.
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F5: Area of a segment of a circle.

(a+m)h  (a+h 1
A= .
5 T 9 gy

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

The verse of F5 is exactly the same as the one Ganesa ascribes to his father
Kesava while commenting on L 213 that gives an example for Bhaskara 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 Sridhara’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.

IE4: Example for the area of a circle segment.
Given a = 13, h = 3. Answer: A = 25%.

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

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

TrTRiaTT & e RISy |
f& wafa wer fage mufaeeT sy afe afcruTr 86

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

The prose part after the verse gives the answer V640 =~ 25%. For the

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

F6: Arrow, chord and diameter of a circle (L 204).
d—+/(d—a)(d+a)

. . a=2h(d—h), d:(g>2+k+h.

The Tr does not have these formulas.

h:

I'E5: 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’ (bahu) and ‘edge’ (koti) (L 135).
One of the two sides orthogonal to each other of a right-angled triangle is
called ‘arm’ (bahu) and the other ‘edge’ (koti).
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The state of being orthogonal is expressed as ‘in the direction competing
with it’ (tatspardhinyam disi). In the L, a right-angled triangle is called ‘no-
ble trilateral’ (jatya-tryasra).

The Tr does not give any definition of these terms.

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

c=va*+ 12, b=V —ad? a=Vc>—b.

Tr 51, which is the last verse of the chapter on plane figures (ksetra-vyava-
hara), gives these formulas. The verse occupies the last part of a proce-
dure for obtaining the segments (avadha, 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 & = 24/ (a — d).

— Tr 50cd: Regard (x1,%,0) and (x9, %, c), where x1 and x9 are the seg-
ments of the base divided by the perpendicular, as right trilaterals (x; and
X9 =arms, h = edge, b and ¢ = 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.

AR FfagregaarIRuaiar qor | 127
Fifest qegcargfaar o Tomad & | Tr 511

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: ¢ = 5.
2. Given ¢ = b, a = 3. Answer: b = 4.
3. Given b = 4, ¢ = b. Answer: a = 3.

126 The trapezium is here called ‘straight-face quadrilateral’ (Fa& - IgAT). See
the previous footnote.

127 Z47 | &7 Dvivedi’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 £ its
depth.

Tr 52-53: V = a1 x as X ag, where ¢; is the mean length, mean width and
mean depth, that is, @; = (27;1 alj) /n;.

E21c¢d: 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% for the base 13 and 11% for the base 15.

Tr E87 (a lotus pool): Given a; = 16, a9 = 5, asj = 2,3,4 hastas. Answer:
V =240 (cubic hastas).

Tr E88 (an excavation): Given a; = 12, agj = 3,4,5, ag = 8 hastas. Answer:
V = 384 (cubic hastas).

Tr E89 (an excavation): Given a] = 16%, as = 10}1, as = 8 hastas. Answer:
V = 1353 (cubic) hastas.

Tr E90 (an excavation): Given a1 = a9 = ag = 16 hastas. Answer: V = 4096
(cubic hastas) .

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 A
its height.

2. The ‘fruit’ (phala), thatis, 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 marga (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+uv,

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

S =abm + (2 x 12)®  (square) hastas,

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

S=Am+ (6 x4)% (square) hastas,
where A is the area in arngulas 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 = % hastas; a brick’s length = 1 hasta, width = % hasta, height = 6
angulas. Answer: V = 9 solid hastas, v = é 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 (rupa) per a pit of 3% X 2 % 3%
solid hastas. Answer: V. = 80 solid hastas, v = 24% solid hastas, N = 3}}—3
coins.

E22¢d: Example for timber-sawing.

Given A = 10x 3 (square hastas), m = 6. Answer: § = 180 (square) hastas.
The unit of § is, in the manuscript, expressed as ‘solid hastas’ (ghana-
hastah), that is, the cubic hasta, but it should be the ‘square’ hastas, which
must have been expressed simply as ‘hastah’.

The figure in the manuscript shows a rectangle divided by ‘five’ equidistant
straightlines 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 Pheru (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
hasta, m = 5. Answer: § = 15 (square) hastas.

Tr E100 (wages for the sawing in E99): By the three-quantity operation,
(sawing of 100 x 1 (square) hastas of acacia catechu, 6 coins, 15 (square)
hastas) = 19—0 coin.

Tr E101 (horizontal cutting of timber of acacia catechu): Given the tim-
ber’s diameter = 1 hasta, m = 10. Answer: A = V10 x 124 = /207360 ~
455% (square angulas), S = 455% x 10+ (6 x 4)2 = 7% (sql}are> has-
tas. Wages calculated by the three-quantity operation, (100, 6, 7%) = %
coin.

25ab: Volume of heaped-up grain.

2
v (S €
6 9

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

2
Tr 61-62 gives the formula, V = <g - h, where h is the height. In the at-

tached example (Tr E102), & equal to C/9 is given. According to BSS 12.50,
L 227, GSK 3.97, and PV A29-31, = 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.

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

= &2 qaylight,
s+ g

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 = @ , and also in its reverse form, s = # —g.128
For equivalent and different formulas for shadow-time relationship given

in Sanskrit mathematical works, see GSK pp. 160-62.

E23¢d: Example.
Given g = 8 angulas, s = 24 angulas. Answer: [ = % of the daylight.

Tr E106: 1. Given g = 12 angulas, s = 3g angulasin the West. Answer: t = %
of the daylight elapsed. 2. Given g = 8 arigulas, s = 3g arngulasin the West.
Answer: t = % of the daylight elapsed.

Tr E107: 1. Given g = 12 arigulas, t = % daylight elapsed or remaining.
Answer: s = 36 angulasin the West or East. 2. Given g = 8 angulas, t = %
daylight elapsed or remaining. Answer: s = 24 argulasin the West or East.

F9: Shadow (L 234).
dg
h—g
where d is the distance between the feet of the lamp and of the gnomon
and 7% the height of the lamp.

S =

FE7: Example (L 235).
Given g = 12 angulas, d = 3 hastas, h = 3% hastas. Answer: s = % hasta =
12 angulas.

I10: Height of the lamp (L 236).

FES: Example (L 237).
Given d = 3 hastas, s = 16 angulas, (g = 12 arigulas). Answer: h = 66

angulas = % 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 Bhaskara dealt with combi-
natorics of digits (numerical figures) which is a topic he invented.

=rrr0ﬁ‘=rg'€r=r§|%|ﬁ‘a-r TEEYTT gEET
TfEqITTRTEAT amg‘q'rﬁsfer-rnmﬂn

128 Read ﬁ_'ﬂ'l_cl'ﬂ"ﬁ@ instead of f& @AY & of Tr 65d in Dvived’s text.
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Although neither multiplier, nor divisor, nor square, nor cube is asked
(in this chapter), second-rate haughty mathematicians would inevitably
fall in this net of digits.

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

T Ao AT AT

SERNILEKIREC RIS E R

T TgUgE qERNagE

T T8 Afaqer dfeas HEraariBG 1021129

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 (book) in order to enhance your intelligence and to obtain
maturity.

FI1: Another concluding remark (praise of Sridhara).

This verse has been found attached to most (but not all) of the extant
manuscripts of the Trisatika of the same author. See, for example, Al, 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
Sridhara occurs. B1, which is complete, does not have it.

129 The last compound reads ‘S&fTel” in my edition (2009) of the BG but it should
be Wi -’; ‘T MGTP ] Mg A’ in the corresponding footnote should also be corrected
to ‘Stfe MGT ] 1% P, 1&g A.’
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APPENDIX: MADAJATI IN HJJM 10728

Included here are a rule and an example of the tower class found in the
Patan manuscript H[JM 10728 (= H2) of the Tiisatika. For my interpreta-
tion, see under ¥4 and FE3 in the Commentary.
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Text (H2, fol. 5)
qTSHTar HLTEIATET | !

T HRUTH dE9: FEITT U0 HE || 2
TgIATICRAT TEARLIUT =T @ 13

Rl

SATERT JUAIYT: HATar AmmEd difed
feaTergae: gfaaqareT: TS ¢

AT WETIATad ST a7 SUaT: q9T: S &
%%wauﬁmwﬁm%ﬁwmm(n)

TE | TS | Y SIS0 || g || STaT: 997 qqreer(:) |7
?

TUFTIGTATEIAH |8 =T (1)

(& 93)°
STAT §AT GATI 68 (1) 10 ug Aqrewfrta: ATl

AT | AT H2; ATAT | AT4T: H2.
TEIT ] 4T H2 (‘e’ crossed out).
HATeHeAT | ATad | FeaT H2.
Frfye: ] e WH2 (‘e crossed out); dad: ] dad: IH2 (‘I’ crossed out); dqT: ] AT: Il
H2; 7 ] i H2.
5 STaT: FAT: T YA | AT@T & 1&T H2.
6 STITEAATI | Irdraaroe H2.
7 STqT: ] SATar: 1 HL.
8
9

s W N =

TIFTAT | TIF ¢ TT9T H2.

This figure, as usual in Sanskrit manuscripts, occupies not its proper place (after
the second “ITH:’) butaspace (of 13 aksaras x 5 lines of writing) at the top left corner
of the page (fol. 5b).

10 gwqr | o He.
11 ATewTa: SHTET | ATesiaqaT: H2.
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Translation

A computational rule in the Arya 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 (the same calculation). Delete the denominators of (all the
fractions obtained, after they are reduced to those that) have equal de-
nominators.

A certain number of royal ladies, elegant, lovely and adorned with var-
ious ornaments, mounted on the stands (puspaka) built on five levels
(bhw) (for) watching a wrestling sport. (The number of the ladies on
each level was) increased by half (of itself) and also (simultaneously
decreased by half of the number of the ladies on the next level, both
due to their) descending, for fear of collapse (of the stands). (In
consequence), they became the same (in number in all levels). How?
If you know the curious tower class, o friend, tell {me) that quickly.

Setting-down: on the (stands having) five levels, 5; part of those who are
on the (next) lower level, || 1 || (The number of women) who mounted

2
on (the stands having) five levels is produced (by calculation). Showing
the (number of) women at each level, setting-down:

[Figure 12t (see ksetra 12 in the Text above)]

The number (of ladies on each level, after moving), becomes equal: 81.
Thus is completed (the section on) the tower class.
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