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INTRODUCTION

1. INTRODUCTORY

The Tantrasangraha is a major work of Nilakantha Somayaji
(A.D. 1444-1545), one of the eminent Kerala astronomers of mediaeval
times. It is a full-fledged text on Hindu astronomy which deals, in eight
chapters, with the more mmportant aspects of the discipline, including the
Mean and True planets, Gnomonic and related computations, Lunar and
Solar eclipses, the phenomenon of Fyatipata when the Sun plus Moon
is equal to 180°, Reduction to observation of planetary positions
(Drkkarma) and the Elongation of the Moon’s horns (Candra-irngonnati),
It incorporates also new methodologies and corrections introduced by
the author towards accurate astronomical computation. The text of the
| Tantrasangraha is edited here critically, along with two commentaries,
of which the first commentary called Yuktidipika gives an elaborate
exposition of mathematical and astronomical concepts and computations,
in simple verses. Since, however, this commentary extends only
through ‘chapters I-IV, a second commentary called Laghuviveti  has
been adged for the rest of the work. This latter commentary, which
is concme and matter of fact, has already been issued through the
Trzvandrum Sanskrit Series, No. 188, (Trivandrum, 1958), but in the
present_pubhcatlon, its edition has been made more reliable and critical
by the employment of two highly accurate manuscripts,

2. MANUSCRIPT MATERIAL

2.1. Manuscripts of the Text of Tantrasangraha (TS)

Twelve manuscripts, in all, have been used towards the critical
edition of the textual verses.

A. Ms. 3810 of the Vishveshvaranand Institute Library,
Hoshiarpur. This is a palmleaf manuscript, inscribed in Malayalam
SCript, in 195 folios, 21 cm. X 3'5 cm,, having 7 to 8 lines a page, with
about 25 letters a line. Itis written in two or three hands, the lettering
of all of which is clear and shapely. The writing has been inked and has

T8 iii xvii
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undergone the scrutiny of a reviser whose occasional corrections can be
detected by their not being inked. The manuscript is in good preser-
vation, though the corners have rounded off by frequent use. The
manuscript is not dated nor any scribe mentioned, but its original
repository is given as ‘Varanasi’, a reputed family of Namputiri brahmins
in Central Kerala.! At the close of the work, some miscellaneous matter
has been inscribed on three folios. The manuscript contains the text
of Tantrasahngraha and its commentary Laghuvivrti, both complete and to
a high degree of accuracy.

B. A paper transcript of a palmleaf manuscript in Malayalam
script preserved in the Sanskrit Collegé Library, Tripunithura (Kerala),
Ms. No. 543-B, prepared by the late Rama Varma Maru Thampuran of
the Cochin royal family in 1941 and later passed on by him to the
present editor. The manuscript is not dated ; neither has any scribe been
mentioned. It contains a highly accurate text of the Tantrasangraha
with the commentary Laghuvivrti, The codex contains also several
short works on astronomy.

C. 1-10. Ten palmleaf manuscripts, all in Malayalam script,
containing both the text and the commentary Laghuvivrti, had been used
in the preparation of the edition thercof through the Trivandrum Sanskrit
Series, No. 188, (Trivandrum, 1958), and designated & to . While the
present edition of the textual verses is primarily based on the two highly
reliable manuscripts A and B noticed above, the variant readings that
occurred in the ten manuscripts and recorded in the said edition have
been noted here with the sigla C; to Cyy .

2.2. Relationship of the Text manuscripts

The readings of the manuscripts A and B are not only
accurate and almost free from scribal errors and other lapses, but also
almost identical, Stray differences, however, rule out the possibility

1. Vide the expression ‘Varanasi' inscribed in Malayalam letters
on the wooden covering board of the ms. and Varanasiye Kriyakalapam
Tantrasangraha-vyakhyanam, meaning ‘The Kriyakalapa : Tantrasangraha-
commentary belonging to Varanasi’, on the reverse of the final folio of
the manuscript. ‘
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of one being a copy of the other, Cj;_i, do not form a uniform
group ; manuscripts C, and Cyq, either individually or, together, align

with A and B.

2.3. TS Commentary in verse
Four manuscripts, described here-in-below, were used for the
edition of this commentary.

A. Ms. No. R. 2505 of the Govt. Oriental Mss. Library, Madras,
being a paper transcript in Devandgari (278 pages, 25 cm.X 22} cm.,
20 lines a page with 16 letters a line), copied in 1918 from a palmleaf
manuscript in Malayalam script which belonged to the Desamangalam
Manakkal, a house of scholarly Nampftiri brahmins in Central Kerala.
The writing is not quite free from errors, and minor lapses are frequent.
The manuscript contains only the commentary and not the text, and
extends upto the end of ch. IV.

B. Ms. No. C. 1375 of the Oriental Res. Institute and Mss,
Library, Kerala University, Trivandrum, in 113 ff., 35 cm. X5 cm. This is
a palmleaf manuscript in Malayalam script, of which there is a paper
transcript also in the said Library, being No. T, 746. The writing is
beautiful and the text preserved is generally free from errors, No scribe is
mentioned nor any date indicated, Only the commentary is available
herein and not the text. The manuscript belonged to Shri Tuppan
Tuppan Nampiutiri of Ponnorkkottu Mana, in Central Kerala. The
manuscript is well preserved and is tied up between lacquered wooden
boards bearing floral designs in red, black and green. One stray leaf
at the end, which is smaller in size, carries a short astronomical work in
nine verses, krtadvighnayana ... (verse 1), ganadim ca ... (verse 2) etc.

C. Ms. No. 16932-B of the said Kerala University Mss. Library.
This is a palmleaf manuscript containing the commentary of chs, IV,
in 86 folios, 40 cm. x 5} cm., having 12 lines a page, with about 48 letters
per line, It is well preserved but worm-eaten at places. The writing is
bold and clear but abounds in scribal errors and other lapses, possibly
On account of the not-so-clear writing in its archetype. A flyleaf carries
the name of the original owner of the codex as the scholarly principality
of Kilimanlir, near Trivandrum, in South Kerala : Kilimanar
kottaram vaka Tantrasangraham, ‘The Tantrasangraha of the Kilimanur
Palace’. The codex contains another work, being the textual verses of
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the Tanfrasangraha, in 13 folios in the beginning, which is numbered
16932‘A0

D. Ms. No. 586-E of the said Kerala University Mss. Library,
procured from a house of learned scholars in Central Kerala, being the
K0tallir Meletattu Mana as indicated in a stray leaf in the codex. It
is a miscellaneous palmleaf manuscript (30 cm, X5 cm.) containing five
works on different subjects, in different hands. The manuscript is old
and brittle and the corners have worn off by use. Tanfrasangraha-
vyakhya is inscribed as the last work in the codex in 15 folios, having
8 lines a page, with about 56 letters a line. No scribe is mentioned nor
is the manuscript dated. The text preserved is generally correct but
breaks off abruptly towards the middle of the commentary on verse

I. 26 (vide p.35 of the edition below) ; obviously its archetype
ended there.

Still another manuscript of the work, in palmleaf, inscribed in
the Malayalam script and containing chs, I-IV, is known to exist in the
Ponnorkottu Mana, P.O. Peringode, S, Malabar. This manuscript had,
at one time, been on loan to the Kerala University Mss. Library
(L. 1202), but was returned to the owner long back, in 1956, and the
efforts made to procure it for use in the presentedition did not bear
fruit. It is a consolation that the four available manuscripts were
adequate enough to prepare a reliable edition of the work and that the

nonavailability of the fifth manuscript did not result in any serious
difficulty.

2.4. Relationship of the manuscripts of the Com. in verse

While all the four manuscripts used, A, B, C and D, bear a
uniform text, minor variations establish their mutual independence. A
few, but common lacunae and errors point to a common ancestor which
contained those defects.! On the basis of mutual differences and
similarities, manuscripts A and B could be taken to form one group
while C and D form separate derivatives. In consideration of the

1. See, for example, com, verses, I. 151, 176, 376, 417, 455,

512, 645, 820 ; II. 31, 34, 185, 287, 372, 468, 473, 491, 654, 725, 39,
786.
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above, the pedigree of the manuscripts can be represented by the

following Stemma codicum :

(The original archetype)

(The common ancestor)

|
, ]
] |

2.5. Commentary Laghuvivrti

Twelve manuscripts of the commentary Laghuvivrti, all in palmleaf,
and inscribed in Malayalam script, have been used for the constitution of
its chapters V-VIII, edited here-in-below. These manuscripts are the same
as the twelve Text manuscripts A, and B and Cj.jp, described above,
which contain both the textual verses and the commentary. They are
designated by means of the same sigla.

2.6. Relationship of the manuscripts of Laghuvivrti

As in the case of the textual verses, while the Trivandrum Sanskrit
Series edition of the commentary Laghuvivrti has been duly consulted and
the variants recorded therein as footnotes taken due note of, the edition of
the Laghuvivrti presented here had to be based primarily on the two manu-
scripts A and B for very pertinent reasons. First, A and B were, both,
largely free from scribal and other errors and contained a more accurate
fext than that presented in the 7'SS edition ; in fact, these two mss. helped
in the correction of numerous lapses that had crept into that edition.
Secondly, the readings in these two manuscripts were practically identical
and uniform, indicating their being the representatives of a definitive
version of the commentary, The readings in two of the manuscripts
used for the 7SS edition, being Cg and Cjg, as recorded in the
footnotes to that edition, very often followed those of A and B, but not
always, possibly because the parallels in them were not fully recorded
in the footnotes. The other manuscripts used for the 7SS edition have
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additional or different passages from A and B' and, so, represent a
different version of the commentary. It was, therefore, felt that by
closely following A and B, the present publication would be placing
before scholars a version of the commentary different from that issued
through the T'SS edition.

The pedigree of the twelve manuscripts of Laghuvivrtl can be
represented as follows :

O (Author’s origi nal)

I l

P Q

I l
|I|I||l|||l|

C

I C, C C; Ci C C C; Cs

3. TEXTUAL PRESENTATION

In the critical edition of the Tantrasangraha and its two commen-
taries in this publication, special care has been taken to present the
material in as intélligible and handy a manner as possible for the modern
scholar, towards which the undermentioned editorial innovations have

been adopted.

() The textual verses have been printed in bold black type and
placed at the top of the pages, separated by a line from the commentary
which is printed below in smaller type.

(i) Textual and commentarial footnotes have been differentiated
for their easier identification, by prefixing them, respectively, by the terms
mulam and vydkhya.

(iii) Textual expressions (pratika-s} occurring in the commentary
have been set off by difference in typography.

(iv) Names of authorities cited and external quotations occurring
in the commentaries have also been similarly set off through difference

in typography.

1. For additional passages in C, see below. pp. 292, 294, 297,
318, 343. And, for different passages, see pp. 290, 297, 319,
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(v) Efforts have been made to trace the quotations to their
sources and indicate the references thereof.

(vi) Numbers expressed through ‘literary phrases’ in the text and
the commentaries have been converted also into numerical figures and
placed alongside the said expressions for easy comprehension.

(vii) Appropriate subject headings have been added, within
square brackets, to the numerous topics dealt with in the text and in the
commentaries. While including the said headings in the Contents, at the
begining of this publication, their English renderings have also been given.

(viii) In order to facilitate easy reference to the elaborate
commentary on chapters I-IV, which is exclusively in verse, the commen-
tarial verses of each chapter have been numbered consecutively.

(ix) Three Appendices have been added to the edition with a
view to facilitate easy reference to the contents of the book. In
JAppendix I, in addition to the half-verses of Tantrasangraha, all such

. doeypassages which express full ideas and, so, are amenable to be quoted

nlsewhere, have been indexed. Appendix II forms an index of the authori-

mcltcd in the text and the commentaries. The third Appendix is a
General Index of the numerous subjec‘ts treated by the author and the
commentators. It might be noted that English equivalents have been
‘provided for the technical terms included in the Index.

4. AIM OF THE PRESENT EDITION

As mentioned earlier, the Tantrasangraha of Nilakaptha has
already been made available in published form with the commentary
Laghuviveti, That being the case, what prompted the present under-
taking was the vast material on mathematical and astronomical rationale
that lies enshrined in the hitherto unpublished and little-known

commentary in verse on Tantrasangraha which is published for the first

time in the present volume. It would seem that, more than commenting

on the text of the Tantrasangraha, the commentator was more concerned

with the exposition of the broad conceptions and the methodologies of

mathematics and astronomy as understood and practised in Kerala during

his times. To him, the karikas of the Tantrasangraha were no more than
-‘ Pm on the wall to spread out the canvas of his mathematical acumen,
erhaps this is the most elaborate work in Sanskrit, so far known, which
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pictures the mental working of the Hindu mathematician and astronomer
of mediaeval times.

5 NILAKANTHA, AUTHOR OF TANTRASANGRAHA
5.1. Biographical details

Nilakantha is generally referred to with the title Somayaji,
Somasut, Somasutvan or Comdgtiri, the last being the Malayalam
derivative of the Sanskrit word. A detailed colophon occurring at the
end of his Bhasya on the Ganitapada of the Aryabhatiya, contains a good
deal of information about him : gfa *it-greumSa arEMAT  AEAFAAT
AR FTAAAW-NZEAT - FAreaarg-aRzaisemias gafasgn sada-
gA% AFUANA Fradqmgaa  gnfngtaicwadaga-stamizuasafast
waAA Waa AaMATFAMEAN  GAPIAAFEIAA Aawved awngar fafaafafan-
g7 gezagaafaat afaaarmda sa agua(ta) ey siagawefagra-
ST AEIWE etc.! |

The above-quoted passage informs that Nilakantha belonged to
the Gargya gotra,? was a follower of the Asvaliyana-satra of the Rgveda
and was a Bhatta, He was the son of Jatavedas and had a younger
brother named Sankara, He had an uncle Jatavedas by name and a
close friend Subrahmanya. He was a performer of the Soma sacrifice.
He had composed several works on astronomy, in which subject he had

made deep and extensive investigations, a fact which is well borne out
by his available works,

Some more personal details about Nilakantha seem to be forth-
coming from a Malayalam work entitled Laghuramayanam.® This work
describes itself as a work of Rdma, son of Nilakantha of the Gargya-gotra
and resident of Kupdagrama. Cf,, the colophon at its end : fa FUSATANR
TragAfaaRa  s-AAwesEANT  AFa-rHaTaT  warfzegfands-gega-
gifaz-wia-an-aruen IfRrengiagawAisasm TR faefad sitommae gasan )

1. ABh. Ganita, Ed., TSS, No. 101, (Trivandrum, 1930), p. 180.
2. Generally the term Gargya is affixed to his name in references,

3. Ed. P. R. Menon, Tuiicattu Granth@vali, No. 3, Tuiicattu
Karyalayam, Chittoor, 2nd edn,, 1931.
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This Nilakantha is identified by the editor of the work with our
quthor.t If this identification is correct, Nilakantha's wife was named
Arya, and he had two sons Rama and Daksinamurti, the latter of whom
was well versed in the Dharmaéastras and learned in the three languages,
Sanskrit, Tamil and Malayalam. The great Malayalam poet Tuiicattu
Ezhuttacchan is said to have been a student of Nilakaptha. Nilakantha
fs also said to have composed, at the request of a friend, a panegyric in
Malayalam on the Goddess Parvati, the presiding deity of the temple
of Urakam in Cochin, in order to ward off the predicted premature
death of that friend’s daughter. The authenticity of the above work
and the sources of the information are, however, not quite certain, and
corroborative evidences have to be found before accepting the above

statements.

5.2. Native village and favourite deity

Nilakantha hailed from Tr-k-kanti-ylir (Sanskritised into Sri-
Kunda-pura or §ri-Kunda-grama), near Tirur, S. Rly., Ponnani taluk,
South Malabar, a famous seat of learning in Kerala during the middle
. ages. The pame of his I/lam, as the house of a Namputiri brzhmin
s called, was Kelallur (sometimes spelt also as Kerallar and Kelannur),
- Sanskritised into Kerala-sad-grama corresponding to the Malayalam
word Kerala-nall-ur.® Nilakangtha’s house is identified as the present
Etamana Illam, situated a little to the south of the local temple.* It is
stated that Nilakangtha’s family became extinct and that the family
property was inherited by the ncarest relations, viz., the Etamana family.®

1. Vide P.R. Menon in his article ‘Tuficattu Ezhuttacchan’ in the
Malayalam monthly Tuiicatru Ezhuttacchan, 3 (1952-53) 127-35.

2. Ibid. This stotra is published in a collection of stotras in
Malayalam script entitied Stavaratnamala, Pt. 1,

3. It may be noted that in the expression Gdrgya-Kerala prefixed
to the author’s name, the word Kerala refers to the name of his house
and not to the state, as is sometimes taken.

K, 4. Cf., Vatakkumkiir Rajaraja Varma, History of Skt. Lit. in
erala, vol. ], Trivandrum, 1938, p. 384,
5. I am thankful f is i i Tl
Maru Tha ul for this information to the late Sri Rama Varma

mpuran, Chalakkudi (Cochin).
TS iv
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Nilakantha’s favourite deity was Lord Siva installed in the famous
temple at Trpparannod (Sanskrit Sri-Parakrcda, also Sri-Svetdranya)
near his village ; cf. sit-rAaoaTR-q@TAT-FIMfasIogafaRgo, in the
colophon to the ABh. Bhasya quoted above (p. xxiv).

5.3. Patron, Netranarayana, and brother Sankara

Nilakantha refers to his younger brother Sankara in several
places in the ABh.Bhasya. Sanikara too seems to have been well versed
in astronomy and to have followed his elder brother’s studies, Thus,
after describing some method on the Rule of three (Trairasika) in his
ABh.Bhasya, Ganita 26, Nilakantha says how his brother who was
teaching at the house of his patron explained to the latter some of
those theories : cf., d ¥qifay gaw: ga: weFzgR agUS TENA
HeAMIAFAT FANAT qer (Aavawa) sfaafzar 1 (7SS 101, p. 156).

Nilakantha observes at the close of the Bhagya on the Golapada
that he was entrusting the Bhasya to Sankara for its proper propagation.
Thus, just before the final colophon, Nilakantha says : qaﬁraq
semiiwgamafa saemian |

AR AT aww  wewEnarfed pamo
REY WA @ER  sMEEWEw 9 )
faed acdm  faamidwegywreafaan
afs & ;Famifeacaaed aiasaRa TEI A 0

tfa Mavzsarnd aawan u
(TSS 185, p. 164)

That Nilakantha was intimately connected to and was patronised
by Kausitaki Adhya Netranardyana, known locally as Azhvaficeri Tamp-
rakkal, the religious head of the Namputiri brahmins of Kerala, is known
from several references in his writings, It is also clear that the patron
had great esteem for Nilakantha’s erudition in astronomy, in which
subject he too was interested and used to discuss dfficult points with
Nilakantha. Thus, in the discussion on the calculation of the motion
of planets (4Bh., Kala., 22-25), Nilakantha says :

sorafen: TRima AR TRTER
saraicd wifeaniq wadwarast gaw
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mizat agagveaaas afafadt gqfva
qETFATRE geasfwsfagy u
gent ¥ fearaifa satearmaafontaa |
qeRmat-afgear da aamia fag: o
gfa FYTTHY STEan AGATUI: 5 |

Agl FAYIAT JEH qIF TATIIH W
(7SS 110, p. 63)

Again, in the long discussion on the calculation of the apparent
position of celestial bodies (4Bh., Kala., 17-21), speaking on a method
to derive the sakrt-karna, our author says : -zl &9 sreqTfaETrRTan I

wrat reud fafEar agegwn fFagn—

rsatAReaATReq Aensaear fasitfast )

wsagneRzen freatamt sfasdg u gl
| (TSS 110, p. 47)

This would indicate the intimacy that existed between Nilakantha and
‘his patron and the common interest that bound them together. On the
7mmpilation of the ABh. Bhasya, Nilakantha observes in one place !
wmma kaifaq gawi agen sfoa FOIEEAT WEET VT
st Hifan, daeazaa fagay « (7SS 101, p. 113), Again, at another
context, he remarks : gdld AW FAWT Fgam wqr Gawmaafa feaam

siafear gregT sifwag ) e afewd @y ga: " SATRATANTIEE |
(TSS 101, p. 156).

It is clear from the above that the credit of enthusing Nilakantha
iP. his investigations, and, in fact, to have prompted him to write his
ABh.Bhasya, goes to Netranardyana,! the members of whose family are
known all through the annals of Kerala history to have been good
scholars and, at the same time, patrons of scholarship.

Fa

1. Even with regard to Nilakantha's Tantrasangraha, its intro-
ductory verse,

g fast fafed geed stiq easda st
savfant sAfad qed sHY aroame &

has a veiled reference to his

th patron (Netra)-Narayana at whose instance

at work too seems to have been written.
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5.4. Nilakantha’s Teachers Ravi and Damodara

Nilakantha informs us in his ABh, Bhasya that he studied Vedanta
under Ravi, ¢f. Ravita afta-Vedanta-Sastrena, (TSS 101, p, 180). That
Ravi was well versed also in jyoti$fastra and that Nilakantha imbibed
some of his knowledge in astronomy also from Ravi is clear from the
introductory verse to Nilakantha’s Siddhanta-darpana, where his teacher
has been mentioned by double entendre :

MRIIAITY Aear wnasd T awn
FesATETEAaAT Aey sutfarafageaa o

A work on astrology, Acaradipika, which is a detailed commentary,
in verse, on Muhurtastaka, is ascribed to this Ravi.

7 The teacher of Nilakantha who actually initiated him into
the science of astronomy and instructed him on the various principles
underlying mathematical calculations was Damodara, son of the
Kerala-Drgganita author Paramesvara,® of the Bhirgava-gotra and
resident of the village of Alattur (Sanskritised into A§vattha-grfma) which
was situated quite near Nilakantha's own village. In his ABh.Bhasya,
as also in his other works, Nilakantha reverentially refers to his teacher
and his studies under him. He speaks of how even as a boy he stayed
with his guru, at the latter’s residence, prosecuting his studies ; cf. war
RGN F@AT Aeq U etc. (ABh, Bhasya, TSS 110, p. 48). He also refers,
often, to his teacher’s views and quotes him ; ¢f, SFFARM ‘FegAFFHA-
CORDEET AT JIAITUFAIINI-TEYEITTAT  FwidAvaan agfaa: etc. (N’s
Grahapadigrantha® Ts, p 61) ; a=eteanenavawd: (4Bh. Bhasya, TSS 101,
p. 47) ; fag w @q afw yeRgyEly: cafwerwkfa:  ‘asogamad
SFaA’ etc. (ibid., p. 48) ; aafa—

“gax faeweaas gAY a1 smmdd g fadas:
SCAAGYERNTAR (Siddhanta-darpana-vyakhya, on verse 27, edn, p. 30,

Similar quotations and other references, which Nilakantha and
later authors make, proclaim Damodara not only to be a prominent

1.  Uloor, Kerala Sahitya Caritram, vol, II, Trivandrum, 1954,
p- 114. For a Ms. of this work see Kerala Uni. Mss, Lib., No. 3336-B.

2. (Y. the detailed colophon quoted above, pp. XXiv.
3. On this work, see below, p. xxxii-xxxiii.
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astronomer of the times but also as the author of erudite works on the
subject, manuscripts of which, are yet to come to light.

Nilakantha followed in the footsteps of Paramesvara, founder
of the Drgganita system of astronomy in Kerala and one of the fore-
most astronomers of the land. For him Paramesvara was not only
the revered father of his Guru but was also his Parama-guru, by
which term he generally refers to him in his works ; cf., adr wEia-
qERTEqEET FEATIIAE0 ‘IR0 (4546) zfa @wwms odem oz=-
gmtag fafaeitar | ‘etc. (Siddhantadarpana-vyakhya, under verse 18, edn.

p. 17); meRaqeaqew{a fagradifasany gaq sfamfaan | 4Bk Bhasya,
Golapada, verse 3).

5.5, Nilakantha’s writings

| Nilakantha has written several works which reflect his deep study
of and ripe scholarship in astronomy, embodying the results of his

- investigations in the subject and interpreting the science lucidly. A
mention of his works may, advantageously, be made here :

1, Golasara ( ‘Quintessence of spherical astronomy’ ), in
three paricchedas, embodying the basic astronomical elements and
procedures,!

2. Siddhantadarpani (‘Mirror of the laws of Astronomy’), a short
work in thirty-two enustubhs, enunciating the astronomical constants with

reference to the Kalpa and specifying his views on the astronomical
concepts and topics.?

3. Candy acchayaganita, (‘Computations concerning the Moon’s
shadow’) or merely Chayaganita, under which title it is sometimes cited,
a short work in thirty-two verses on the methods for the calculation of

e e

. 1.  Cr. edn. with Translation, by K.V. Sarma, V.V,R. Institute,
Hoshiarpur, 1970,

2. Critically ed. with the author’s own commentary, Translation

and Appendices, by K.V. Sarma, Hoshiarpur, 1976, (Panjab Uni. Indo-
logical Series, No. 7).
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time from the measurement of the shadow of the gnomon cast by the
Moon and vice-versa.!

4. Tantrasangraha, being the text edited here, divided into eight
chapters comprising 432 verses. This a major work of Nilakantha
and is an erudite treatise on astronomy. As a work belonging to the

Tantra class, it takes the commencement of the Yuga as the starting point
for calculations,

5. Aryabhatiya-Bhasya,® an elaborate commentary on the cryptic
and sutra-like text of Aryabhata which comprehends in 121 aryas the
fields of Mathematics and Astronomy. A perusal of the commentary
will amply prove that it is no false claim that Nilakaptha makes when
he designates his work as a ‘mahabhasya’ and explains the method of
exposition adopted by him : sftugrweTan fazfaafagra-sareart ‘qgrarsy’
g giwafaaaaa? awraamfaost freagaaienmesw aggmifeage
aFATATIangAfgy fafmawiifaarad adsaifarmargearafaais agaga-
mafe-nfuammuga-gfeagaa femfeafasfaafarosa-aqaafqass- -
vatfaaraaafqraagagatfaafasm fea ek asgafafad afagareeant
aafeangzawar anwan | (7SS 101, p. 180).

In another context, recalling how he came to write the
commentary, Nilakantha remarks : ®ar@ wagan @A gaar: sfaaafag
wier i fEfamanaeaam satafy sfqarfad aansdfada sqRamAGaY |
(TSS 101, p. 156).

The lucid manner in which the difficult conceptions about the
celestial globe and astronomical calculations are made clear, the wealth
of quotations, and the results of personal investigations and comparative
studies presented herein amply justify the appellation ‘Mahabhasya’
which Nilakantha has given to his work.

Nilakantha has commented only on the Ganita, Kalakriya and
Gola-padas of the Aryabhatiya, leaving out the Gitikapada, which he says
is covered by the commentary on the other three sections : cf. aaqd

1. Critically ed. with auto-commentary, Translation and
Appendices, by K.V. Sarma, Hoshiarpur, 1976, (Panjab Univ. Indological
Series, No. 6).

2. Ed. in 78S 101, 110, 185, (1930, 1931, 1957).
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faara enfweaifazartaar, TACAFTEATCAEAY MAGIAEER | TAFARAATII:
qe@a | (TS5 101, . 1.

6. Siddrantadarpana-vyakhya, a commentary on his own
Siddhantadarpana, included in the edition of the text, (see: abo-ve., p. Xxix
fn. 2). The commentary is elaborate and resembles, in diction and.
treatment, his Aryabhatiya-Bhasya. It is in this work that Nilakantha
gives the actual date of his birth as Kali 4545 : A.D. 1444,

7. A commentary on the Candracchayaganita, added to the

edition of the text (see pp. xxix-xxx and fn.).

8. Grahananirpaya, a work on the computation of lunar and
solar eclipses. Manuscripts of this work are_yet to be discovered,
but later authors and Nilakantha himself in his ABh.Bhasya quote from
this work ; cf, A3 UZUALA A | THIAFA g fastasifzaueatasRAvEHAY;
wRIwmEIRE T | AgeE /AT qgu AT -

qTRARIFIEEA:  CAATRAS: |
wezfraigsizarataaiasiagm: n
q¢ geaifad as= qrtArmyag: |
afzdr gd weewn namagd fdq o
qafy qg93 & Mady fagw a2
qagalsiy qafa: ga=givge ey |
(7SS 185, p. 102)

These verses are quoted also by $ankara in his commentary on
Nilakantha’s Tantrasangraha (on ch. 1V, verse 27, TSS 188, p. 107) with
the introductory remark : agara}rﬁ?-‘rar ‘IQUTFFWT& \

9. Sundararaja-prasnottara.  Sundararija, son of Ananta-
ndrdyana, was an astronomer of the Tamil country contemporaneous
with Nilakantha and author of a detailed commentary on the Vakyakarana
or Vakyapaticadhyayi which is a manual on the basis of which almanacs
are computed in the Tamil districts.! Sundararija had the greatest
respect for Nilakantha whom he addressed for clarification of certain
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points in astronomy. Nilakantha’s detailed answers to these questions
formed a regular work, Sundararaja-prasnottara. Manuscripts of this
work are yet to come to light, but both authors refer to this work.
Sundarardja in his commentary on the last verse of ch. V of the
Vakyakarana says :*

a7 q vfainadd g gwil  sfma-dewgmieteda-
FUS[F0] Frem-alaaiaarEal TEaRaIindA AEAAEAGAN TN AT6AG-

()i Memzminar aenagage  GERAATIATULT 03 stasiead |
A afadtiia fawsy feafaes fag

Nilakantha too refers to work in his ABh.Bhasya, Gola., 48 :
¢f. GRAVSTEFNAUEY AAFGAAAAATH 1 (7SS 185, p. 149).

10. A Grahanadi-grantha, copied in continuation of Nilakagtha’s
Siddhanta-darpana-vyakhya in the Trivandrum Palace manuscript No.
975. The work as available in this manuscript begins ‘% wgosy’ and
without any more introduction, continues : aawfe cazw a snfasaa-
WAV | ivaEd qgoed [ ] seraware: e 1 It is goes on to describe the
necessity of correcting old astronomical constants by observation, deals.
in detail with the Sakabda-samskara, quotes the verses of N’s Parama-
guru Parame$vara from his Siddhantadipika (Mahabhaskariya-bhasya-
vyakhya),? on the latter’s observation of some eclipses and after
some more discussion ends abruptly. There is no doubt that this work
is from Nilakantha’s pen. References herein to his own works, teacher
etc. fully confirm this point. One of his own works is referred to herein
thus : @@ QF AN FATY acEEaaan FATATAREAR — Aeagear
etc. (p. 60 of my transcript). The verses quoted are from Nilakantha’s
Candracchayaganita, vv. 9-10. He refers to his grand-teacher Paramesvara
and his own ABh. Bhasya too, berein : ¢f,, AEAQ fagradfasmiagat
vguraEnifag wfa 7 aagaal asgmonfA qIATgaaaEtn  AiERsay-
CTE LI LR G C E S s sraAfFaT- N e treaiemta:
afewfafead: Prafaldes nuawar o (pp. 57-58 of my transcript). The
ABh. Bhasya also is referred to elsewhere in this work (cf. pp. 62, 63
of the transcript). For a characteristic reference to N's teacher, see:

1. Ibid, p. 119.

2. Cr. Ed, by T.S. Kuppanna Sastri, Madras Govt. Or, Ser.,
130 (1957).



INTRODUCTION fxxill

GERERN  CIAFEALTANRAT Sag-FIAITUZACATIIAGRAT  Foita-
Hreet, agfmda smawdiaradaa | (p. 61 of the transcript).

11.  Grahapariksakrama (?). The well-known Kerala astrologer,
the late Puliyir Purushottaman Namputiri, has edited! an old,
incomplete® Malayalam summary of a Sanskrit work under the title
Grahapariksakrama. The textual verses were not available to the editor
and he presumed that the author was Drgganita-Parame$vara.® These
verses are, actually to be found in Nilakantha’s Bhasya on the Golapada
of the Aryabhafiya, under verse 48 (TSS 185, pp. 132-49). Itis a
long tract of about 200 verses, enunciating the principles and methods

for verifying astronomical computation by regular observations. The
work ends thus :

gl defam: s ader satfaaifag
siaqAageRen sacy fagfateaan

It is not however very definite whether this is an independent
work with the title Grehapariksakrama and is quoted in extenso in the
Bhasya or whether it is but a part of the Bhasya.

Nilakantha should have written more works than those mentioned
above since there are quotations attributed to him in later works, for
instance, in Sankara’s commentary Laghuvivrti on Nilakantha’s Tantra-
sangraha, which could not be traced to his known works. Again, the
Trivandrum Palace Ms. No. 975, containing Nilakantha'’s Sidahanta-
darpana-vyakhya and the work on eclipses etc. described above, has, in
continuation, some incomplete tracts with no definite titles, which again,
to all appearance, seem to be Nilakantha's writings.

1. Pub. by the Astrological Research Institute, Bombay-25, 1950,

2. The colophonic words at the end of the edition indicating its

Completion form only the editor's addition and not found in the
manuscript.

3. Vide the editor’s Introduction, p.i ; see also Shri Nampritiri's

review and opinion on Ganitaprakasika by K. V. A, Rama Poduval,
Canannore, 1950, p. xiv.

TS v
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According to some, Nilakantha has composed a work entitled
Grahanirnaya! It is likely, however, that this is only the Grahanas
nirnaya, noticed above, Ulloor attributes to Nilakantha a work called
Ganitayukti. Thus, speaking about a Bhasayuktibhasa, he says that “it
is not the work of Kelallir Comatiri, author of Gani tayukti.’* The
ascription is wrong and the fact is that while our author belonged to the
Garga-gotra, this latter work is by an anonymous author belonging to
the Bbaradvaja-gotra as is clear from its first verse, which runs
as follows :*

fafsramuweiwnidacat  Hafaa |
qITZINT aa=y wifeaq afwagwa: o

5.6. Chronology of Nilakantha’s works

It has been noticed® that Nilakantha's ABh.Bhasya is later than
his Tantrasangraha and Golasara which are quoted in the former. But
nothing has been said about the chronology of his other works. The
present writer's investigations have, however, shed some light on
this matter.

The first five works enumerated above, viz., Golasara, Siddhanta-
darpana, Candracchayiganita, the commentary thereon, and Tantra-
sangraha do not refer to any other work, but are, in their turn, quoted in
other works of Nilakantha, Of these, the Tantrasangraha is the most com-
prehensive of the five and gives the date of its composition as 1500 A.D.,
i.e., it was written when the author was aged fifty-six. On the above
considerations it may be presumed that the other four works were written
before this date. The Grahapanirnaya and the Sundararﬁja-praénottafa, of
which manuscripts have yet to be discovered and which are quoted in the
ABh,Bhagya, have also to be ascribed to about this period. This Bhasya,

1. Vatakkumkur Rajaraja Varma, Hist. of Skt. Lit. in Kerala,
vol. I, p. 389 ; Ulloor, Kerala Sahitya Charitram, vol. II, p. 117.

2. Uloor, ibid., p. 122.

3. Ms.: Madras, Mal. D. 339, p. 83-89, now, transferred to
the Kerala Univ. Or. Res, Inst, and Mss. Library, Trivandrum.

4. Ulloor, Kerala Sahitya Charitram, vol. 11, p. 119,
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a mature work, Nilakantha wrote when he was very old, as he himself
remarks : WATH IR - garEdfayad smermArGay (7SS 101, p. 156).

The Siddhanta-darpana-vyakhya which refers to the Aryabhatiya-Bhasya,
(Cf. com. on verse 25: uqagad ®AT grigargsTieny SafEaafafa

faTead 1 sce p. 24, of the edn.) is still later. And, so also his discursive
treatise on eclipses which too refers to the ABh. Bhasya more than once ;

of, @ FrAfFaaR gfad wa1 fagaq 1« (p. 63 of my transcript) ; QAR
afoaare feadaaaifaa: 1 (ibid., 63).

57. Date of Nilakantha

Indisputable evidences are available for fixing the date of our
author. Sankara, Nilakantha’s pupil, in his commentary on his teacher’s
Tentrasangraha, points out that the first and last verses of that work
contain chronograms specifying the dates of the commencement and of
the completion of the work, Thus, after giving the literal meaning
of the first verse of the work :

3 faeo fafgd Feed’ sog caels w1 |
saifani sifad ast At FTUIT AN

Sankara says : SIS 9 TE® wifEAl gAAT SARARA qECAiA-FR-
gimed  swREern gafass: « ewiftRaAmgiu ‘wenafafgrenR’ e
wfasafy | |

These two Kali dates, 16,80,548, and 16,80,553, work out to

Kali Year 4601, Mina 26, and 4602, Mesa 1, both dates occurring in
1500.

The Siddhanta-darpana and Nilakantha’s own commentary thereon
give, respectively, the year and actual date of his birth. Cf.:

Text, : wiaareaeniy @uatmey @ a7 1

ggfagAaiAey . qEnEEay SN
(Sid. dar., 18)

Com. : faegmamafiar @ ™ @w=war W@y | @ ALAW:
wuifaagens: | @ @ dReaAt asewaior-nate: (4500) 0 @
AN qswweafonger: (45) |\ am: cawaimew:  feafnd’fr (4545)
FTeawwEfa ai oW wad guwafmwred swet agfagawed oA
AR AR gAengT 9sHgnEeal avg: | miaed o savewfasag 1 ad@
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ANA-TRHTAAE FERFIETEN ‘owimewd’ (4536) gl wwsd aew
qaaningfatavitar | @@ aeaeeninnaine mfase ) @EEESETEEN
Saqwaw | A1 TR0 ‘cqsnFATAT a5 (16,60,181) gf1 (p. 17, of the
edn). Here, Nilakantha himself says that he was born on the Kali day
16,60,181, which works out to A,D. 1444, June 14.

That Nilakantha lived to a ripe old age, even to become a
centenarian, is attested by a contemporary reference made of him in a
Malayalam work on astrology, viz., the Prafnasara by Maidhava, a
Nampitiri brahmin of the Ificakkazhva house in Kerala, who wrote his
work in A.D. 1542-43. Here, Madhava says that he could count upon
reputed authorities like ‘Kelanallar’ to recommend his work. Cf.:

al-dyat-ddaravil adiyil Attimattam
lokottaran punar-itinn-iha ‘Kelanallnr’ |
dbhasar allarivatullavar adarippan

porum prasiddhi periko]javar untanekam ||

The date of composition of this work, Prasnasara, is given as Kollam
era 718/Kali 4644 (A.D. 1543) by the following verse in the work itself :

ezhunuttorupattettavatu Kollam atdya nal |
varunna visuvad, bhavatattvam (4644) kalyabdam ayatu [/

Rightly does Nilakantha remark in his A.Bhasya : AR q&IQT " **
gurFafaRs smeamarend (759 101, p. 156).  Moreover, we know of at
least two more works composed by him subsequent to his writing the
ABh.Bhasya, viz., the commentary on the Siddhanta-darpana and the
work on eclipses etc., both of which quote the ABh.Bhasya.

5.8. Versatility of Nilakantha

For a mere Jyautisika and one who had specialised only on its
astronomical aspect, Nilakantha seems to be very well read. Every
other page of his writings substantiate his knowledge of the several
branches of Indian philosophy and culture. Sundararaja, the Tamil
astronomer, calls him sad-darsani-parangata, ‘one who had mastered
the six systems of philosophy’.! Nilakantha himself informs us that he
studied Vedanta under Ravi : cf., Ravita atta-Vedantasastrena. He can

1. Cf, his commentary on the Vakyakarana., 5.19, (edn., p. 119).
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refer to a Mimamsd authority to establish a mathematical point' and
with equal felicity apply a grammatical dictum to th: same purpose.’
Pinigala’s Chandas-stitra® and the lexicons are quoted as the occasion
demanded. The scriptures and the Dharmasistras also come in for
citation.® And, so also the Purinas® like the Bhagavata® and the

Visnu,!

As for Jyotisa works, Nilakantha exhibits a surprising fami-
liarity with a large number of them, from the Vedanga-Jyotisa down to
the treatises of his own times. He uses all types of jyotisa texts, Ganita,
Samhita and Hord, but as became his subject of specialisation, his
quotations are mainly from texts dealing with astronomy proper. Some
of the more important texts of all-India prevalence that Nilakantha
quotes are : Vedanga-Jyotisa, Aryabhatiya, Varihamihira’s Paficasiddhan-
tika, Brhajjataka and Brhatsamhita, the Suryasiddhanta, éripati’s
Siddantasekhara and Muifijala’s Laghumdnasa. Of texts popular only
in Kerala may be mentioned the Parahitaganita or Grahacaranibandhana

of Haridatta, the Bhasya by Bhaskara I on the Aryabhatiya and his
Laghu and Mahabhaskariyas, Govindasvami's Bh3sya on the latter and
Parameévara’s super-commentary thereon, Other works of Parame§vara

1. Cf, ABh.Bhasya, TSS 101, pp. 54, 158, where Parthasarathi
Miéra’s Vyaptinirnaya and Advaitavivarapa and Ajita (com. on Sloka-
varttika) and its commentary Fijaya come in for quotation. On Gola-
pada, 50, the Brhattika of Kumarila Bhatta is cited.

. 2. Cf, quotations from the Vakyapadiya, ABh.Bhasya, TSS 110,
p. 31.

3. See ABh.Bhasya, TSS 101, p. 4.

4. See com. on Siddhanta-darpana, verses, 1,2; the Grahana
work, pp. 48, 49 ; and Aryabhatiya-bhasya, Golepada, verse 48, where the

Taittiriya-Aranyaka, Rgveda, Parasarasmrti, Kalanirpaya of Sayana,
Manusmrti etc. are quoted.

5.
6.

See Siddhanta-darpana-vyakhya, p. 1.

Cf., ABh.Bhasya, TSS 110, pp. 16, 26.
1. Cf, ibid, p. 8,
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like his Aryabhatiya-vyakhya also come in for citation as also passages
from his own teacher Damodara. Another Kerala author whom
Nilakantha quotes often is Maiadhava, often styled ‘Golavid’, who
was a reputed astronomer of the times.! Manuscripts of several works
quoted by Nilakantha are yet to be unearthed and a detailed study of
the numerous authorities quoted by Nilakantha is bound to throw
welcome light on the annals of Hindu astronomy.

6. INDENTIFICATION OF THE TS COM. IN VERSE

6.1. Details in the TS Com.

In contrast to Nilakantha who supplies ample biographical details
about himself, his commentator is highly reticent in the matter. All
that the TS Com. has, in this connection, is confined to two verses, which
are more of a general than of a specific nature. These verses are :

aq Feagag A 95 TE EA |
fgamrcafaat aeq admie fafazad u
(Com. verse, L. 3, p. 1)

‘The treatise named Tantrasangraha which was composed by the
(respected) elder savant (purvath)—of that a commentary in verse is
being written (by me) for the benefit of the slow-witted.’

gy qoReEEEaaTan el s \

g AAGUGET AAASEA AT wia® u
(Com, verse, L. 821, p. 77)

*Thus have I set out in (the commentary to) the First chapter of
the Tantrasahgraha, the exposition that has been well stated (elsewhere)
by the revered brahmin of the Parakroda house.’

The second verse is repeated at the end of the commentary on
chs. II, III and IV just with the change of the number of the
respective chapters.

1. On this Madhava, (c. 1340-1425), who was a teacher of
Parameévara, sce the present writer’s Introduction to his edition of
Madhava’s Venvaroha, (Trippunithura, Cochin, 1957), and Sphutacandrapti,
(Hoshiarpur, 1973).
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6.2. Incorrect inferences

The said all-too-brief statements, coupled with the fact that the
commentary is incomplete, have induced scholars to draw different
inferences therefrom. While all scholars are unanimous about the
anonymity of the commentary, some maintain it to be a work bya
nampntiri brahmin of the Parakroda (Tr-p-Parannottu) village in Central
Kerala,! This is clearly an incorrect interpretation of the passage
Parakrodavasadvijavara-*‘samirito yo’rthal” sa maya kathitah.

Equally unwarranted is the statement in the New Catalogus
Catalogorum (Madras University) to the effect that the author of the
commentary was “a brahmin of Parakroda family, student of Jyestha-
deva” (vol. VIIL, p. 97). Actually, it is the teacher Jyesthadeva who is
the “brahmin of the Parakroda family” and not the student, about
whom nothing is mentioned in the verse.

Construing the passage more plausibly, others identify the author
as a disciple of the Parakrodavasa-dvijavara and hold that he was
setting out in the commentary the Tantrasaigraha as was taught to him
by his teacher.? It has to be noted, however, that the teacher-disciple
relationship is no more than an inference and what is actually, referred
~ to is only the ‘well-stated exposition’ (samirito yo'rthah) of the Parakroda
brahmin, which, it will be shown below, is the Malayalam work
Yuktibhasa (see § 6.4, pp. xliv-v).

1. Cf.: Ulloor S, Parameswara Aiyar, Kerala Sahitya Charit-
ram, vol. 11, (Kerala University, Trivandrum, 1954), p. 120 ; Vatakkum-
kur Rajaraja Varma, Keraliya Samskrta Sahitya Charitram, vol. 11,
(Mangalodayam, Trichur, 1947), p.498. This view is followed by
Sur..':‘lnad Kunjan Pillai, 7SS edn. of Tantrasangraha, Introduction,
p. 11; E. Eswaran Nampoothiri, Sanskrit literature of Kerala, (Trivan-
drum, 1972), p. 156 ; and S. Venkitasubramonia Iyer, Kerala Sanskrit

gl‘egzgure: A bibliography, (Kerala University, Trivandrum, 1976),

seoms t2 h See K.K. Rz'zjaf ‘One of the commentators of Tantrasangraha
the 11 0 have been a discn_ple of Jyesthadeva; for he says that he learnt
Parakrzzs of the text with tha help of a Brahmin of Parakroda.
Family 4 can be the Sanskritized form of Parannottu, which is the
Adya Lilbme of Jyest.hadeva.” ‘Astronomy and mathematics in Kerala’,
the Ko lI rary Bulletin, 27 (1963) 158. See also K.V. Sarma, 4 history of
7ala school of Hindu astronomy, (Hoshiarpur, 1972), pp. 60-61.
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A more serious misconception is about the extent of the Tantra-
sangraha. In the edition of Yuktibhasa, mentioned above, the editors, viz.
the late Rama Varma Maru Thampuran and A.R. Akhileswara Iyer
have, in their Notes added to that edition, cited verses from the 7'S and
the verse commentary of T'S giving the common subscription Tantrasang-
raha, to both, without distinguishing between the two and without giving
any reference to the chapter and verse numbers of these citations.?

The source of this non-distinction is, in fact, to be traced to the
“Tantrasangraha-vyakhya—A transcript in the keeping of Rama Varma
(Maru) Thampuran of a manuscript in the De§amangalatty Mana’?
(apparently a sister-transcript prepared from the DeSamangalam palm-
leaf original of the Madras transcript, No. R. 2505, used as Ms. A in the
present edition), for, the said transcript was made use of by the editors
of Yuktibhasa for writing their Notes in which they have quoted the
commentarial verses without distinguishing these verses from the textual
. verses of the T'S. This undifferentiated citation has made later scholars -
to consider the commentarial verses quoted in this manner as genuine
textual verses, Since these verses were not to be found in the available
text of the T'S, they commenced to hazard even the possibility of a
longér version of the 7'S which they thought might have contained those
verses. Thus, T,A. Saraswati observes that “the Tantrasangraha,
published by the Trivandrum University (sic) seems to contain one

part only of the Text. The editors of the Yuktibhasa had access to the
complete Ms.””?

The encrustation, over the years, of the feeling of such a
possibility, coupled with the anonymity of the TS Com. and the imper-

1. Pub.: Mangalodayam Press, Trichur, 1948. For such

undistinguished citations, see pp. 113-14, 121, 134, 178, 190, 200, 203,
206, 208, 219.

2. This transcript was later borrowed by T.A. Saraswati from
Maru Thampuran and used in the preparation of her Ph.D. dissertation
entitled Geometry in ancient and medieval India, (Madras University,

1964), and has been referred to by her in the ‘Bibliography’ to her said
dissertation, :

3. T.A. Saraswati, ‘The development of mathematical series in

India,” Bull. of the National Inst. of Science, (New Delhi}), No. 21 (1962),
p. 334, fn. 9.
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fect interpretations to its colophonic verse, has resulted in the picturing
of the textual situation of 7S to be amorphous and highly unsettled. It
has even been doubted whether the TS Commentary is a commentary on
the 7'S, at all.

The latest statement in the matter comes from T.S. Rajagopal
and M.S. Rangachari who present all these points in a combined form.,
They observe : “Tantrasangraha-vyakhya, by its very name, proclaims
itself a commentary on Tantrasangraha, a classic composed in A.D. 1500
by the versatile savant Nilakantha. However, some extant manuscripts
of the latter work, notably those taken into account in preparing the
printed edition of the work in the Trivandrum Sanskrit Series, lack the
Sanskrit texts corresponding to the mathematical resalts given above in
modern notation. The question thus arises as to whether there could
have been a larger version of Tantrasahgraha containing these results,
orally handed down in traditional fashion by successive teachers, to their
pupils. A positive answer to this question seems to be warranted by
two considerations : (i) Yuktibhasa by Jyesthadeva (A.D. 1500-1610), a
younger contemporary of Nilakantha, claims to expound the mathe-
matical principles of Tantrasangreha ... (i) T antrasangraha-vyakhya,
though an anonymous work, claims, at the end of every chapter, to have
derived the material of that chapter from the teachings of a Brahmin
of Parakroda, now identified with Jyesthadeva, this material aiming at
an elucidation of portions of Tantrasangraha, since otherwise the work
would not be a vyakhya in the sense intended.'”

Here is an anomalous situation which needs to be properly probed
and the doubts cleared, if possible, once for all. With this objective in
view, available data has been analysed and new information presented
below, through which it is hoped to settle satisfactorily the problem of
the text of the Tuntrasangraha, the TS Com. being a commentary on
the TS, the source of the T'S Com. and its purpose, identification of the
author of the 7S Com., his date and works and allied matters.

1. T.S. Rajagopal and M.S. Rangachari, ‘On an untapped source
of medieval Keralite mathematics,” Souvenir of the 42nd Annual Con-
Jerence of Indian Mathematical Society, Trivandrum, Dec. 1976, being the
Condensation of a detailed paper on the subject to be published in
Archive for History of Exact Sciences, (West Germany).

TS vi
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6.3. The extent of Tantrasangraha

The extent of the TS is suggested as a problem just on account
of the non-distinguished citation of some verses of the 7S and
TS Com. in the modern Notes added to the edition of Yuktibhasa
and not because of the said TS Com. verses being found in T'S mss. or
quoted as TS verses in early works. While this fact should by
itself, indicate the fallibility of the suggestion, this occasion might, all
the same, be taken advantage of to probe into the text tradition of TS
and to show that in the astronomical tradition of Kerala, the TS is
known only in its presently available form and in no other form.

i, Manuscripts of Tantrasangraha

The Tantrasangraha as edited in the present publication as also
in the Trivandrum Sanskrit Series is divided into eight chapters, and
contains 432 verses in all, Since the work had been popular and was
accepted as an authority, a large number of manuscripts of the work
. exists, of which about fifty have been documented in the New Catalogus
Catalogorum, (Madras University, vol, VIII, 1974, p. 97). One of these
manuscripts, No. 475-E of the Kerala Univ. Or. Res. Inst. and Mss.
Library, gives the date of its transcription through the chronogram sevyo
dugdhabdhitalpah, being Kali day 16,99,847, falling in the year A.D. 1551,
and so this Ms. is almost contemporaneous with its author Nilakantha
Somayaji who passed away in about A.D. 1545, All the said documented
manuscripts conform to the division and extent of the work as mentioned
above. In several cases there are post-colophonic statements expressing
the completeness of the work in eight chapters, In one such manuscript,
dated MLE. 928 (A.D. 1753), being Ms. No. C. 224-C, deposited in the
said Library, the total number of verses in the work is also stated to be
432, which conforms to the presently available text,

Cf.: gfa araduy wsszrlseqra: | GRAEWg: AWTA ) sreaw uf
%fe wisges Aafeqafavz . s-me fageaafa  gafasa geasq o

ii. Quotations from Tantrasangraha

Tantrasangraha having been held as an authority, its verses come
in for citation in later texts. Among works in which such citations
occur are the Laghuvivti-s of Sankara on the TS (edn.: T'SS 188) and on
Paiicabodha IV (Ms. + Ker. Uni. Mss. Lib., No. 411-A), the Malayalam
Com, on Sankara’s Karanasara (Ms. Kerala Uni,, No. C. 173-A), the
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Yuk fibhasa, and Nilakantha’s own Bhasya on the Aryabhatiya, which
was written by him subsequent to his Tantrasangraha, All the TS
citations herein are found in the present text of 7'S. It is also
noteworthy that non:z of the nine sets of verses cited by T.S. Rajagopal
and M.S. Rangachari occur herein as quotations from the T'S.

iii. Evidence of expository texts

Several commentaries on the Tantrasangraha are known, including
the Laghuvivrti, the TS Com. and two Malayalam commentaries re-
presented by Mss. Nos. 697 (=T. 1251), L. 1343, 8358-E, 12663, 12674
and T. 211-C of the Kerala Univ, Mss, Library. All these commen-
taries conform to the available text of the IS, Moreover, the
post-colophonic statements in some of these manuscripts indicate also
the ending of the work with the eighth chapter.?

iv.  Indication in the TS itself of its beginning and end

The completeness of the 7'S in its present form is indicated in
the text itself. Nilakantha commences the work, as mentioned earlier,
with a formal invocation to his favourite deity God Visnu :

g fawnt fafgd geed w1 cazdia w1t )
suifast saifag qwd a8y arugwa § 10 2.9

The author ends the work with the benediction by the same diety :

e w1 fpar Afa Aeadsy qar g
seitnffgasafied 8 fg awd u s, 38-%o 1

Not only this. Laghuvivrti, the commentary on T'S, by a pupil of
the author himself, specifies that the phrases ke visno nihitam krtsnam and
laksmisanihitadhyanaih, occurring, respectively, in the first and last lines
of the work, signify in aksara-sankhya the dates of the commencement
and completion of the T'S by Nilakantha, viz., Kali days 16,80,548 and
16,80,553, both falling in A.D. 1500. Thus, after explaining the literal
Sense of the first verse, he adds

1. See, in this connection, the post-colophonic  statements
Samaptah granthas cayam and samdptarn cedam at the end of the

manuscripts of Laghuvivrti used for the present edition (see below,
p. 343), ’
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wravdn gw wey aifed gaEnr waAaRA (Ge., by ¥ faeo fafyd
Feed)  gaemeRfensagiory wederar | gafs

aArfafzagiom
‘wewtnfafgaeam:” wa wigeafay (758 edn., p. 2).

Had there been any Second Part to the T'S or any expanded version
of the work, the author’s own disciple could be expected to know the
same and make at least a mention thereof in his commentary composed
in A.D. 1556, a few years after the demise of the author,

Under the circumstances set out above, it is impossible even to
visualise the possibility of “a larger version of Tantrasangraha ... orally
handed down in traditional fashion by successive teachers to their
pupils,” as proposed by Rajagopal and Rangachari, or to state that
““the Tantrasangraha published by the Trivandrom University seems to
contain one part only of the Text,” as stated by T.A. Saraswati.

6.4. Yuktibhasa, TS and TS Com.

In order to appreciate the real aim of the author of the T'S Com.,
it is necessary to understand the e¢xact relationship which it bears to
the Malayalam work Yuktibhasd ‘(Mathematical) Rationale (ex-
plained in the Malayalam) language’, and also the purpose for which the
latter work had been composed by Jyesthadeva (A.D. 1500-1610), a
namputiri brahmin of the Parakroda family (Paratnottu namptiri in
Malayalam).! In the work he refers to Nilakaptha, the author of
Tantrasangraha and other works, as Acarya (Teacher)? and specifies at

the beginning of the work his objective in composing it, in the words :
“avite nate Tantrasangrahatte anusariccuninnu grahagatiyinkal

upayogamulla ganitanhale muzhuvane colluvan tutannunnetattu nate

1. Manuscripts of Yuktibhasa, of which a large number have been
known and catalogued under different titles such as Ganitanyayasangra-
ha, Ganitayuktibhasa, Tantranydyadidhiti and Yuktibhasa, do not mention
the name of its author. For his identification from external sources
and collection of biographical details, see K.V, Sarma, ‘Jyesthadeva

and his identification as the author of Yukribhasa’, Adyar Library
Bulletin, 22 (1958) 35-40.

2, Cf, for instance : iprakaratte untu collittu Siddhanta-
darpanatti] Acaryan : ‘“‘antyadyujyestabhakrantyoh” etc, (Siddhanta-
darpana, verse 28 b. (Section on Apamadyujyaniripana, p. 64 of my
press copy).
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samanyaganitannalayirikkunna sar'zkalitadzparikarmaﬂﬁale-_c-collunnﬂ."
(Edn-s P- 1)'

‘Now, commencing to expound, in full, the calculations that are
useful in computing the planetary movements in accordance with (the
enunciations in) the Tantrasangraha, (I am) stating first addition and
other logistics which form the general mathematica! operations.’

It has to be noted here that the Yuktibhas@ does not claim to be
a ‘commentary’ on the T'S. Cn the other hand, its aim is to provide
the basic equipment needed by one who desires to study the computation
of planetary movements as depicted in the Tantrasangraha. This purpose
it serves by positing the basic concepts and theories of mathematics
and astronomy, stating the definitions, and setting out the methodologies
and their rationales. Again, the Yuktibhaga being an independent
work with a different objective, it cannot and does not deal with all
topics dealt with in the 7S. While the First Part of Yuktibhasa,
which, as noted earlier, has been edited in an exemplary manner with
highly elucidative Notes by Rama Varma Maru Thampuran and
Akhileswara Iyer, concerns itself with mathematical preliminaries,
it is the Second Part of the work which deals with astronomy proper.?
Since the arrangement in both the works is according to subjects,

there is a common sequence of the main subjects dealt with but not,
always, of the topics treated.

The aim of the 7S Com., as could be gathered from its way of
exposition, seems to be threefold : (1) To present in lucid Sanskrit
verse the mathematical and astronomical material presented in the
Malayalam language in the Yuktibhasa, in pursuance of which a number
of prose passages in the Yuktibhasa have been adapted into Sanskrit
verse in the T'S Com. ;* (2) to supplement it with additional material of

s e .

‘ 1. A highly imperfect and erratic edition of the entire work
(’-e., Pts. 1 and II), is available under the title Ganita-Yuktibhasa
(Madras Govt. Or. Mss. Series, No. 32, Madras, 1953). In view
of the importance of Part II of the work, a critical edition thereof with
Notes is under preparation by the present editor.

2. A detailed comparative study of the Yuktibhasa with the
TS Com, has been undertaken by the present writer.  The said study
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his own ; and (3) Rearrange and present, according to the sequence of
the verses of the T'S, the material found distributed in the Yuktibhasa.

By means of (1) above, the 7S Commentator is justified in his
description of the work as Parakrodavasa-dvijavara-samirito yo'rthah,
‘the exposition that has been well stated (in the Yuktibhdasa) by the
brzhmin of the Parakroda house’. His justification in mentioning the
work as his own, (cf., maya kathitah), lies in the fact that by means of
(2) he makes substantial contribution of his own by supplying missing
links and offering explanations of his own.

Its being a commentary on the TS is substantiated by the fact
that in this work each verse or group of verses of the 7'S is introduced
in regular sequential order by means of its ‘beginning words’ (pratika-s)
and under the same is given, at times, its regular commentary but
generally all that is needed to understand the passage from funda-
mentals, What is particularly instructive in the TS Com. is that -
the logical exposition of the theory and rationale of a single item often
extends over several pages.

6.5. TS Com. is a Com. on the TS

It is suggested by Rajagopal and Rangachari that the TS Com.
is a Com. on the TS rather by proxy than directly, when they say :

is expected to explain fully the relationship between the two works,
besides throwing welcome light on contemporary astronomical concepts
and practices in the land. :

An anonymous rendering in Sanskrit prose of Yuktibhasa,
under the name Ganita-Yuktibhasa, is available in the Govt. Or. Mss.
Library, Madras, R. No. 4382, being a paper transcript prepared from
a palmleaf original in the Chirakkal Palace, Chirakkal, (N.Kerala).

The present writer had presumed that this rendering ‘‘is also, in
all probability, his (Jyesthadeva's) work.” (Hist. of the Kerala school of
Hindu astronomy, op. cit, p. 60). But a close examination of the work
has now revealed that this is a not-so-reliable attempt at literally
translating the Yuktibhasa by some later scholar who was neither Well
versed in Sanskrit nor properly equipped in the subject.

The original Malayalam manuscript from which the rendering had
been made, too, should have had some gaps and other imperfections as
can be inferred from the lapses which occur in the rendering.
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¢ Tantrasangraha-vyakhya, though an anonymous work, claims at the
end of every chapter, to have derived the material of that chapter
from the teachings of a Brahmin of Parakroda, now identified with
Jyesthadeva, this material aiming at an elucidation of portions of
Tantrasangraha, since otherwise the work would not be a vyakhyd in
the sense intended.””! It should, however, be clear from the delineation
above of its nature and its relationship with the Yuktibhasa and the
TS, that the author is fully justified in designating it as a vyakhya
on the 7'S. Moreover, a close examination of the 7T.S Com, will reveal
numerc;us instances of word by word commentary of the TS verses
or of key words thereof, and also the incorporation - of textual lines
in an explanatory manner, so as to leave no doubt about the 7S Com.
being a direct commentary of the T'S.

6.6. Name of the TS Com. : Yuktidipika

In yet another place, the author again calls the work a vyakhya,
and also supplies the welcome information regarding its nams as
Yuktidipika, ‘Lamp of (astronomical) rationale’. Thus, in another work
of his, Laghuvivrti, the ‘concise commentary’ on the Tantrasangraha,®
after giving the meaning of the verses VII. 4-6, the commentator adds :
w7 fasaeasd wfy ag awed 9 wag gagawmai gfedfasmi safswag
5fa 99 ua "I

‘Here, whatever has to be said about the nature of the celestial
latitude (viksepa), that has been stated by me in great detail
(prapaﬁcitam) in the Yuktidipika, a commentary on this very work

(Tantrasangraha). Tt has, therefore, to be learnt from that (detailed
commentary) itself.’

7. IDENTIFICATION OF THE COMMENTATOR §ANKARA
7.1. Relationship of TS Com. with Kriyakramakari

It is noteworthy that more than four hundred verses of the T'S

Com. in verse edited here occur in parallel contexts also in the

e

l.  See, ‘On an untapped source of medieval Keralite mathe-
» quoted earlier, p. xli.

2. For the identification of the authorship of the 7S Com. and

the Laghy, and the chronological precedence of the former to the latter,
S¢¢ below, § 8, 1-2, pp. I-1vi,

Matics’
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Kriyakramakari, which is an extensive and elucidative commentaty
on the Lilavati of Bhaskara I1,' as shown in the following Table.

7.2. Correspondence of verses in TS. Com. and Kriyakramakari

Subject T.S. Com. verses Kriyakramakari No. of verses
Gunakarma I.259-92  1-34 (pp. 16-19) 34
Bhagaharana-vasana y 293- 98 1-6 (,, 22) -6
Vargakarma-vasand yy 299-372 1-74 (., 29-36) 74
Vargamala-vasana s 373-84 2131 (,, 43-44) 12
Vargamula-karma-vasana ,, 385- 97 8-20 (,, 42-43) 13
Vargamulakarma ,, 398-400 1 ff. (,, 41-42) 2
Dasavidhayah ,, 403- 16  Mis. verses (,, 109 ff.) 9
Bhagajati-vasana , 417-29  1-13  (,, 64-65) 13
Prabhagajati-vasana ,»430-38  1-8 (5 68) 8
Bhaganubandha-

Bhagapavaha-vasana  ,, 439-58 120 (,, 73-74) 20
Bhinnagunana-vasana ,, 459-71  1-13 (,, 79-80) 13
Bhinnabhagahara-vasana ,, 472-86 1-16 (,, 82-83) 16
Bhinnavarga-ghana-vasana ,, 487- 94 1-8 (,, 86) 8
Bhaganubandha-vasana  ,,495-99 1-5 (, 89) 4
Trairasika ,500ff, 1f (, 204-9) 27
Jyacapanayana II. 461- 79 82-101 (,, 358-60) 20
Tryasraksetranyaya ., 374-31 1-8 (,, 317) 8
Vryttagatacaturasra ,, 536-616 1-81 (,, 351-58) 81

Do. Do. , 647-48 1,5 (,, 351, 352) 2
Golapysthanayana » 752-94 1-44 (,, 395-99) 44
Total 414

7.3. Chronological priority of the TS Commentary to Kriya.

While, in the Kriyakramakari, the verses setting out the rationale
of the respective topics are just tacked on to the commentary on the

1. Cr. ed. with Introduction and Appendices by K.V. Sarma,
V.V.R. Institute, Hoshiarpur, 1975,
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relevant kdrikas of the Lilavati, in the TS Commentary, these verses are,
at times, suitably introduced. Cf. :

ay gfas aag afcwaifzar g3
Ch. II, Com. verse 209 (p. 22)

gEALatnsaraE II%RaT |
Y SISAIT FEAAR TANAET I3 1)
Ch. II, Com, verse 750 (p. 146)

Since the rationale expounded in the TS, Com. often takes
the form of a logical dialogue, link words are occasionally inter-
posed between groups of verses giving the different views., Cf., a&wg
(p. 9), A=t (p. 54), fvs= (p. 11) aq@: (p. 164) etc., which give the work
the impression of an organic whole,

~

While the verses in the 7S Com. depict the rationale both of
mathematics and astronomy, the verses in the Kriyd., in consonance with
the contents of the Lilavati, are concerned only with mathematics. The
above considerations point to the chronological priority of the 7S Com.
and suggest that the common verses have been adapted in the Kriya. from
the TS Com.

7.4. Common authorship of the two works

The common verses in the two commentaries are mostly identical,
but, when the context requires, additions, deletions or re-arrangements
are effected with such freedom and dexterity as becomes natural to a
common author of the two works and not to one who quotes from
another. This suggestion of the identification of the authorship of
the two commentaries is buttressed by the numerous other verses on
other subjects couched in the same diction, occurring exclusively in one
or the other of the two works.

7.5. Identification of the author as Sankara

The four available manuscripts of the T'S Commentary, all of
of which are incomplete, not extending beyond ch. IV of the TS, do not

1. For close similarities in language and sense in passages in
the two works, see below, § 8.1.1. i-v, pp. li-lvi.

TS vii
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make any mention of its author, However, the author of the Kriya-
kramakari, a work which, too, has been left unfinished, is known to6 be
an eminent mathematician named Sankara. This is specifically stated by
Narayana who took up the task of completing the incomplete Kriya-
kramakari. This supplementation commences with the following words :

g afnafammawr sh-gawmenisma-afErdn aganda
redta® | a¥  agfqgamrarawaE @ e gy afes
gadal qEaAAmS fagw qgam wigewgam agumaa faaaw aaw
wezIgnaTeRHa fasasaay sengfagfraiim @ samafals snegAqtem |

(Lilavati with Kriyakramakari, p. 391)

The above statement identifies the author of the first and main
part of the Kriyakramakari (in which portion occur all the verses common
with the 7S Commentary) as Sankara of the Parasava community,
(called Variyar in Malayalam), a functionary in the temple of Sri-
hutasa’, (being the Sanskritisatioa of the Malayalam place-name Tr-k-
* kugaveli, near Ottappilam in north Kerala).!

8. OTHER WORKS OF §ANKARA
8.1. Laghuvivrti, the concise com. on TS

It is known from other sources that Sankara Variyar of Tr-k-
kutaveli is the author also of Laghuvivrti, the ‘concisz commentary’ on
the Tuntrasangraha. Thus, three palmleaf manuscripts of the work, Nos.
8351, 8906 and C. 524 of the Kerala University Oriental Res, Inst. and
Mss, Library carry a post-colophonic statement in Malayalam, which
reads : 1 vyakhyanam Trkkutaveli-c-Cankara-Variyar otukkattu camaccatu.
Azhyaiicerikku ventittu sukhame Siksiccu camaccu ennu Parannottu paraiitiu
kettu, ‘This commentary was composed last by Saikara Variyar of
Trkkutaveli. I have heard it said by Parannottu that it was composed
with great care for the sake of Azhvaficeri’. The ‘Parannottu’
referred to is, obviously, a senior contemporary astronomer, a namputiri -
brahmin of the Parannoftu family, Jyesthadeva by name and author of
the astronomical work Yuktibhasa in Malayalam.? The ‘Azhvaficeri’

1. For details about this identification, see the edn, of Kriya,,
Intro., pp. Xvi-xviii.

8. On this see, K V. Sarma, ‘Jyesthadeva and his identification
as the author of Yukibhasa’, Adyar Lib. Bul,, 22 (1958) 35-40.
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mentioned must be a reference to the then head of the Azhvaficeri
Tamprakkal family, teing the traditional head of the nampttiri
brahmins of Kerala and well-known patrons of scholarship.

It has to be surmised, in the light of the above, that the three
commentaries, viz., Kriyﬂkramakari on the Lilgvati and the Laghuvivyti
and the larger commentary in verse, both on the Tantrasangraha, are of
identical authorship, their common author being Sankara Variyar of the
Trkkutaveli family.

8.1.1. Similarities in the three works, TS Com., Kriya. and Laghu.

Interestingly, an examination of the three commentaries referred
to above reveals some characteristic similarities which go to substantiate
the suggested identity of their authorship.

i» Invocatory verses

At the beginning of the three works, 7'S Com., Laghuvivrti and
Kriyakramakari, the author invokes his personal deities which are the
same, viz.,, God Gane$a and Goddess Sarasvati, and uses expressions
closely resembling each other.

TS Commentary

Gapeia : ®ITWFAY srat TwAE: @ fawmai 3a: )
wFARATeggsnRAgTa fragae: (Intro. to ch. I)

Sarasyati : FEANEfAageasavwAmas fagaigia
Afaaasaasat fadigat wedf a2 u (Intro. to ch, I)

qRIAA; QY qEqcd A9q qaEisia
Frargea=ga- aveadl at amfr ®3ar w (Intro. to ch. II)

as@aE: ao aa} gesly arageay |

RYUATIET aeeqal at awearta (Intro. to ch. III)
Frasgeafasst aEwad awoanEa fagams |

aroegaaeAte awaEt at aneafa u (Intro. to ch V)

Laghuvivrti

Ganesa : scugegefagfamea awd Ag:
swva.weugis A fagmg gam@aq i (TSS edn,, p. 1)
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Sarasvati :

Kriyakramakari

Ganesa :

Sarasvati

TANTRASANGRAHA

TR FHAE weAtsfy AW | |
at Mgyt &+ 24t qeedtq 1 (7SS edn, p. 1)

fasaeafafammefeafatad awm gae ag:

wEH sAREATfEIrEmRasrERaT o

fred geuzag S sunafaefafgant

a3 fawtafaamzaafe o aaed wg: 0 (Edn,, p. 1)

away faveen glefafraafaodt wxamasnt

i e g fafeaagaat ave sdwand )
WamagAd qrafq fogd): gawda aaa
SeggegEfardanaT wal dewsagey 1 0 (Bdn,, p. 1)
awrrwrEeTERE fafarafia: g3 s wda

TvEY FITE avaTasias agay WAt o
wrergETARTATRR A faaagagacs favat

T araregrarergfafwafaat wredt am u (Bdn, p. 2)

The following expressions which are either identical or closely
similar in form and meaning, relating to the two deities, leave no
doubt about their common authorship :

Gane$a ¢

1. sEggeeRaee (TS Com.)
weggeagfasaaa (Kriya.)
weggeagfagfames (Laghuvivrti)
faetafaamrmia (Kriya.)

2. SOHAT AT (TS Com.)
wwat (Kriya.)
fazatmafa etc. (Kriya.)

3. 9H Wg: (Laghu.)
T W (Kriya )

4, =TIUATA: (TS Com.)

T (Kriya.)
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Sarasvati :

1. FUTRAGAAIEARAIINATAAT
AR TR TRa A faaag g aesi

2. fagargt
gyt
g
ATt

3. asdaAa: @u: @AW v gaisfa
awaa:; qar awy gEisfa aagwd
TEAATI FAIFEE AWA AR
YUEARRIATE " ST
gEva aexarga e

4, fasn=et
fadat

5. WAl a9
= °** WLl at
FnaEl at awemfa
gee AT qEadt
qeadl at aveafa

(7S Com.)
( Kriya.)

(TS Com., ch. I)
(Laghu.)

(TS Com., ch. II)
(TS Com. ch. III)

(TS Com., ch.II)
(. I11)
(Laghu.)

(Kriya.)

(TS Com., ch, 1IV)

(TS Com.)
(Kriyﬁ.)

(TS Com., ch. I}
(Kriya.)

(TS Com, ch. IV)
(Laghu.)

(TS Com., ch. III)

liii

aveaal at amfa aa ( " 1)

il. Similar Introductions

The introductory verses of the three works bear close similarity.
While the former half of an introductory verse of the Kriyakramakari
Is identical with that in Laghuvivrti, the phraseology of the latter half is

identical with the corresponding portion in the introductory verse of
the TS Com. cf, :

RIAY ANIIAZAEH
sitewssnfa aafag sowd
i e |t dar-
& syfaagweafaai fgaa n (Kriya., Intro. verse 4)
TR FAIFHEAEE
sittaevsafe adfay gueq o
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7 ATTEAENS g
ataad = faafa fafaefn aedq »
(Laghu., Intro. verse 3)

qq qIEUE AW QT TR FAA |
fgarawafeat awa adzatent fafaead
(7S Com., Intro, verse 3)

iii. Characteristic colophons

The colophons occurring at the close of the several chapters in
the 'S Com. and Laghu. are all couched in verse form, which itself
is an uncommon feature, in the very same metre, Moreover, the final
quarters of these concluding verses are surprisingly similar. Compare,
for instance, the concluding padas in the works as given below :

TS Com. Laghu.
Ch, I. sudseary war wfqag | SAHITAE:  TYUTSH |
» I siewisead fgdlswg quitseqrat  fgatatswg
» 11 siFdisead gayd & | qUITSERTAEIRAANSH |
» STCRISETY  |FASHA quiSEaTaTIAISHA |

The closeness of the passages indicates the same individualistic
way of wording the idea.
iv. Individualistic expressions

Among characteristic expressions amounting to mannerisms in the
three commentaries might be mentioned the words savistaram, spagstataram
and vistaratah which occur frequently. Cf. :

wegaragAgrafae sea afagazw (TS, Com., p. 78)
Jaeqrasgaiastarasd afaeawq \ (7.5 Com., p. 146)
wFiaiAi vpefafafacd sien afawmwm ) (TS Com., 186)
egtEeo fazaca: safwaw « (Laghu., TSS edn., p. 47)
gifiafayd vqseas watoa 1 (Laghu., below, p. 311)
saqiqraeasd fawava: gatmaw 1 (Laghu., below, p. 320)
gFpaqad vawad safman o (Laghu., below, p. 326)
aforg faeaza: sfean « (Kriya., p. 277)
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v. TS Com. and Laghu, comments compared

Notwithstanding the difference in approach between the 7S Com.
and Laghu., which preclude repetitive exposition, close verbal similarity
can be detected at places. The commentary on the very first verse of the
Tantrasangraha is an illustration in point :

Text : 2 faowt fafed g ST €32AT FTL |
sqifat saifas aed Fa7 @@uE 0 (TS L 1)

On this T'S Com., comments :

gfawmai gar wifa geed Fraazfany
T 9T AT AT QI=ITFIT 11 ¥

sereRTeorar aeq fafaarar fegar aa:
satfasze satfant qeg a1 wraglf@a: nw w o

“gzifeeand dat wng wreadsfaag

ysaeAfa qesanat gua fafg qmsg 0 ¢ n
(3raghiarn, U.R)

it aq oo dawargsd waaar aaq

ATRWTEAAT AT agRgIAfaan 1w N
(See below, pp. 1-2)

The close verbal parallelism to the above passage borne by the
Laghuyiveti would be apparent from an examination of the following
extract from that commentary : |

afenealy geeafnd o fafgd Wil sewoafesfer yfasmi, Ted
 FHISE

Tigma ! eatfawt gdareEaEte safag | age sitamt araget—

garfaeand asht stng wraaasfaas |
aea-gAfa gearat adar fafy mmesg
(wmagiiar, . ])

T qrefr Sigam ? qraamg | gemeREg ATt |
(Laghu., TSS edn., pp. 1-2)

It may be noted that the words set in black type in the extracts

from the two commentaries are either identical or convey the
Same sense,

‘ In pursuance of its set purpose (vide Intro. verse 3) to compose a
concise’ (Jaghu) commentary (vivgti) ‘confined to spell out briefly the
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methods of computation enunciated in the Tantrasangraha’ (Tantrg-
sangrahasya kriyakalapam kramena sangrhya), the Laghuvivrti is necessarily
brief and matter of fact. Still, in an instance or two (see pp. 23, 69 of
the 7SS edn.), it exhibits the flair for the elegant and elaborate versi-
fication of astronomical phenomena that characterises the entire length
of the TS Commentary.

8.1.2. TS Commentary earlier to the Laghuvivrti

In this context, it is worth noting that the Laghuvivrti itself states
that its author had composed earlier an elaborate commentary on the
Tantrasangraha. Cf. :

qq TEAAALTT IZATASIA |
aegrati 9 faafa fafamifa =g n (Ch. I, Intro. verse 3)

‘The collocation of planetary computations contained in the
Tantrasangraha—-of that, 1 am (again) writing, in concise form
(laghvim), still another commentary (aparam ca vivrtim).’

The extensive commentary in verse edited here answers fully for
the larger commentary implied in the above citation.

8.1.3. The Laghu. author quotes TS Com. as his own work

Clinching evidence for the identity of the authorship of Laghu.
and TS Com. comes from the Laghu. itself, when its author quotes
lines from the 7S Com. as his own earlier composition. Thus, con-
cluding his comments on 7.S I. 16, he says: da@ Wea qq  agoad
aoaw favean gfagata v - agad Aa1—

aara R fegadiHaTaadegan: |

fasavaad agroat asaws f@ia

HF AR CAATTA A THIAT |

Agwia seseaaafasgydg: n (7SS edn. of TS, p. 23)

These lines occur in the TS Com., in the same context, as
verses II. 799b-801a (see below, pp. 150-51), thereby conclusively
establishing the identity of the authorship of the two commentaries.
8.1.4. Lagbu. a complement to TS Com.

It would be necessary, here, to make clear a point which has
only been hinted at earlier, viz., that the Laghu. forms a complement
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to the TS Com. While the TS Com. explains elaborately the mathe-
matical and astronomical rationales involved in the I'S, the ZLaghu. is
primarily concerned with a statement of the collocation of calculations
(kriya-kalapa) enunciated in the TS verses. And, when needed, the
larger commentary is called attention to in the smaller commentary.
Cf., the passage quoted earlier : 3= fastqeaed sfr a3 Faad aq w49
qagzarent gimdfawmar qafsaad gfa a@ ga sAEEH 1 (See below,

p. 322).

This method of exposition seems to be a characteristic of the
author, for it is found also in his commentary Kriyakramakari on the
Zilavafi. The only difference in that work is that both the items, viz.,
the terse, matter of fact prose meaning and the poetic elaboration of the
rationale are given in the same volume, one following the other.

8.1.5. ‘Kriyakalapa’ : An expression wrongly interpreted

The concise commentary Laghuvivrti has, at the close of its several
chapters, a common verse which reads as follows :

gt geagugey fFmsATd ST S 0
a3 ggearea™ SaRYSSATT: TYOUISTT 1

‘Of the commentary of Tantrasangraha wherein its collocation of
calculations (kriyakalapa) has been duly and concisely explained, the
first chapter has ended.”

The expression Kriygkalapa had been interpreted previously to
mean the larger commentary implied in the introductory verse cited
above, The occurrence of a catalogue entry in the Kerala University

1. In the concluding commentarial verses of the other chapters,
while the first three quarters of the verse are retained as such, the last
quarter has been re-worded to suit the metre. Cf. :

Ch. II: quifssaray fgdtatsgq « Ch. III: qonssqiaedadtaisyq |
Ch. IV : goiseargzagafsyg « Ch. V: guisyqg gs=aAls=a: | Ch, VI
weSIseqr: Squisye | Ch. VIL: quisqg qwsissa@: | Ch, VII: quif-
SyEeTHISSAT: |

2. See K.V. Sarma, A Bibliography of Kerala and Kerala-based
as'tronomy and astrology, (Hoshiarpur, 1972), p. 46; Edn. of Lilavati
With Kriyakramakari, op.cit., Intro., p. Xxix.

TS wiii
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Oriental Res. Institute and Mss. Library as Tantrasangraha-(vydkhya)
Kriyakalapah (Ms. No, L. 1329-A, Alphabetical List of Skt. Mss.,
vol, II, p. 17) had created this impression. However, further investi-
gations have shown that the commentary contained in the said
manuscript is only the Laghuvivrti, to which the name Kriydkalapa has
been wrongly given there.! The same wrong ascription of the name is
found also in the Ms. A used for the critical edition of Laghuvivrti in
the present publication. In this old palmieaf ms., the ownet’s name,
given in Malayalam, reads : Varanasiye Kriyakalapam Tantrasangraha-
vyakhyanam’, ‘The Kriyakaldpam : Tantrasangreha-commentary belonging
to the (the family of) Varanasi.’

Equally erroneous is the interpretation ‘astronomical portion’
given to the expression kriyakalapa by M. Winternitz, who describes
a complete manuscript of ‘Tantrasangraha with the commentary
Laghuvivrti’, deposited in the Royal Asiatic Society, London, thus ;
“The Kriyakalapa (‘astronomical portion’) of the Tantrasangraha, in 8
adhyayas with a commentary.”® The mention of the work in Kerala
Sanskrit literature : A bibliography by S8.V. Iyer, (Trivandrum, 1976,
p. 247) under the title “Tantrasangraha Kriyakalapa-vyakhya, Anon.,
RAS, London,” is obviously based on this ms, and, so, is incorrect,

Obviously, the quaintness of the expression Kriyakalapa and the
occurrence of the word sangrhya in the colophonic verses in the Laghu.
have given rise to the above interpretations. The fact is that the
expression Tantrasangraha-kriyakalapam found in the said colophonic
verse at the close of the different chapters of Laghuviveti, has only its
literal meaning, viz., ‘the collocation of computations of the Tantra-
sangraha’ and does not refer to any commentary on the work nor to any

—

1. It may be noted, in this connection, that the initial part of
the said manuscript has been lost and that it begins with the words :
tatra tavat kalyader arabhya yatan abdan dvadaSabhir nihatya, etc. ; this
passage occurs in the Laghuviveti, on TS 1. 23-26 (TSS 188, p. 9). Also,
the extent of this ms. is only 2000 granthas, while that of the Laghuvivrii,
is 2500 granthas,

2. Ms, 134, described in A4 catalogue of South Indian manuscripts
(especially those of the Whish collection) belonging to the Royal Asiatic
Society of Great Britain and Ireland, compiled by M. Winternitz., London,
1902, p. 190,
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part of that work, The larger commentary implied in the introductory
verse is to be identified with TS Com. Yuktidipika referred to by
&ankara himself in the Laghu. on T§. VIL 4-6 (p. 322 below).

8.2. Paficabodha-vyakhya
Two manuscripts of Sankara’s Kriyakramakari, one of them being

Ms. No. R. 2754 (a) of the Madras Govt. Or. Mss. Library, and the
other with the present editor, contain, in continuation thereof, an
incomplete commentary on Paficabodha 1V, an anonymous work on
astronomy of the Karana type, divided into five sections devoted to
Vyatipata, Grahana, Srigonnati, Chaya and Maudhya. This commentary,
also called Laghuvivrti, commences with invocatory verses which closely
resemble the invocatary verses in the Kriya., Laghu. and Yukti. Cf. :

WiEarqRraARaNsAastaqiaTd |

greqAfafaasama 9% 1 ¢ N

gaearafy At feegg gargy:

Ten JYEIT @ a7 AAqqA wg: 4q 1 R N

FEHATER Fateged A-Asiq AR AN |

at mdrgeasggEl o+ 2 qreAdm w0

xRl aRAtafaagarcagfaeataae

facar gt fafrasd enfaar oo wfa

qete: g9 fafaasrar arram: e

AP  Safaqai AawosaawEt ¥

ATAY SASTAGATES

fagaw qufafa g3@ swwr )
arerTfesasfaqigsg o=4-

dveren wrefayta fafaefa aeitg 0y 0

It is remarkable that the invocatory verse 3, above, is identical
with the second introductory verse of Laghu. and that verse 5 closely
resembles the parallel verses in the Kriya. and Laghu. The several
Other expressions that bear similarity in form or sense with Yukti., Kriya.
and Laghu. have been set off in bold type.

Two complete manuscripts of the work are known, being Mss.
No. 411-A and T. 1184 of the Kerala University Or, Mss, Library.
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Neither of them contains any indication of the name of the author,
though his teacher and the Kali date of the completion of the work are
mentioned. Cf, : &f¥ arcmn-granafiafysafadfad sasae =aa:
qftsgE: | auitd 98 | SNgagea a9 |

- 16,91,302
‘e aena’ eud fagua |

s qeaaraen fag fassg oo

The commentary is explicit and elaborate, several points being
logically argued as in the T'S Com. Yuktidipika. Citations to sub-
stantiate statements are given from several authorities including the
Laghubhaskariya and Mahabhaskariya of Bhaskara 1, Siddhantasekhara
of éripati, Laghumanasa of Muiijala and the Siddhantadarpana of
Nilakagtha. The Tantrasangraha is quoted extensively. A large
number of citations are made anonymously and some are introduced
with the expression taduktam amunaiva anyatra, referring to other works
of the author of Paficabodha IV. ~Some of the topics are summed up
through verses, apparently, composed by the commentator himself and
reminiscent of similar summing up in his Kriyakramakari and TS Com.
Yuktidipika.

8.3. Karanasara

An original work which has to be ascribed to Sankara on the
basis of a closely parallel invocatory verse and other conside-
rations is the astronomical manual Karanasara. In four chapters,
this work enunciates simplified methods for the several day to day
astronomical computations.® The work begins thus :

AAIEAFATATGE TFaraAgE Ag: |
favarravmraTtfamafFaag n q o

wafa aAaTERSEsTIagiE: |
wrraEagfraran axaraeaam: n } N

The author, next names his teacher Nilakantha and his grand-
teacher Damodara and the object of his work :

1. Mss: Kerala Univ. Mss. Lib.,, Nos. C. 8-A, C, 173-F,
.C. 173-K. ‘ .
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st Ao SARL-THITT T34 |
qurn fread fefomg nford gegfrag n 3 n

The date of composition of the work can be inferred to be
about A.D. 1554 from the epoch adopted by the author for commencing
computations, viz., anknajfianasadhya (Kali day 17,00,000) which falls
in that year.

A detailed commentary on the work in Malayalam is known.!
This commentary calls itself Bhasavivaranam and quotes from several
works, especially the Tantrasangraha of Nilakantha. A post-colophonic
verse carries a name Satikara who, ' from the context, is more likely ‘to
be the scribe of the manuscript than the author of the commentary,
Cf. : sfa wware winifaan sgatssam: )

- cqreaE AR qEEat natatyg Ewd:
gat Messs qdumt gearnaiafag agasgd o

8.4. Chronology of Sankara’s works

It is possible to fix, from the information collected above, the
chronological sequence of the known works of Sanikara. His Pafica-
bodha-vyakhya gives, as noticed earlier, the date of its completion
through the Kali date prajfialokoddhrtam yatnat (16,91,302), which falls
in A.D. 1529 (see above, p. Ix). The Kriydkramakari illustrates
the calculation of Kali days through a problem which gives the answer
as a past Kali day 16,92,972, which falls in A.D. 1534, The nature of
this problem would seem to indicate that this is a known past but
contemporary date. This would mean that the work was written later
but not much later than this date. Since the Kriya., incorporates
more than 400 verses from the TS Com. (Yuktidipika), the date of
composition of the latter work should, obviously, precede that of the
latter, The date of the Karanasara has to be later than the epoch
it uses to commence calculations, viz,, Kali day a»riinajfianasadhya

A e —

1. Mss. Kerala Univ. Mss. Lib. Nos. C, 8-B, C. 173-J, TM.
1042, -
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(17,00,000), which falls in A. D.1554. The Laghuviveti on the Tantra-
sanigraha has been mentioned in a post-colophonic statement in some of
its manuscripts as the work that Sankara composed last (see above, p. 1),
Elsewhere, the work has been stated to have been composed in about
M.E. 731 (A.D. 1556).

9. SANKARA, THE COMMENTATOR

1. Personal details

Since Sankara is rather reticent about giving his biographical
details, such information has to be extracted from other sources. As
stated earlier, Sankara had left his Kriyakramakari unfinished and the
completion thereof was undertaken by a younger contemporary,
Nirdyanan Namputiri of the Mahisamangalam family. Introducing his
supplement, Nardyana says :

Tid  afrafeedat  si-gamrer-3a@Ife@e WO
SITEATAY | T AGFATEAINRATGSIR a7 sarareas frga: | afenq wda O
A gRAATIA  fqRor TEAEAT afgyagdA agIRasw fAsArar anas
guergaEaead fasysrdaar veaq-fig-feta 1 garsdfais saeamAeEE |

(Lilavati with Kriyakramakari, op.cit., p. 391)

“This (work, viz., Lilavati) has been commented thus far by
Sankara-Parasava, the foremost among astronomers, who was a
functionary of the temple $ri-hutada by name. On account of his
multifarious activities, his application in the matter came to an end. At
his death, (the supplementation of) the commentary was somehow
commenced by me, aged eighteen, son of Sarikara,? Narayapa by name,
a brahmin of the village Puruvana and house-name Mahisamangala, on
the entreaty of pupils and at the command of my father.’

1. See Ulloor, Kerala Sahitya Charitram, Vol. 1, (Trivandrum,
1954), p. 120, The source of the information is not indicated, but
it is likely to be correct.

2. This namesake of our author was the renowned contemporary
astronomer Sarkaran Nampiutiri of the Mahisamanagalam family (A.D.
1494-1573), on whom see K.V. Sarma, Hist. of the Kerala school of
Hindu astronomy, op.cit., pp. 62-64,
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" The post-colophonic statement in Malayalam to certain manu-
scripts of the Laghuvivrti of Sankara or Tantrasangraha reads :

§ wr gageafa-g-agraiay szrey awsqg)
(Mss. Kerala Uni. Mss. Lib., Nos. 8351, 8906, C. 524)

“This commentary was composed last by Trkkutaveli-c-Cankara-
Variyar,’

It is well known that paraSava is the Sanskrit term wused to
denote the sub-sect of external functionaries of Keralite temples called
Variyar in the local language. It has also been shown that Sri-hurasa
(‘Sri-ﬁre’) is the Sanskrtised form of the place-name Tr-k-kutaveli
denoting the temple-town of Trkkotiri near Ottappalam in Malabar.

Piecing together the said bits of information we learn that the
commentator was named Sankara, belonged to the Hindu sub-sect
Variyar, and was an external functionary at the temple of Trkkotiri in
Malabar (Kerala). [Enquiries made by the present editor have revealed
that the presiding deity at Trkkotiri is God Siva with, Ganesa and
Sarasvati as secondary deities, and that attached to that temple there is
even today a Variyar family called Trkkotiri-variyam, though scholarship
in the family is much in the wane.

9.2. Sankara’s teachers and promoters

1. Nilakantha (A.D. 1444-1545) and Damodara (c. 1410-1520)

The prime preceptor of Satkara is obviously Nilakantha, author
of TS and other works, whom he refers to as sarva-vid ‘knower of all
(fastras)’ in the introductory verses to the Kriyd. and the Laghu. Cf. :

st-NaFvsafy agfad soer )

In the Karanasara, besides the teacher Nilakantha, his father
Damodara, is referred to as Sankara’s grand-teacher. Cf, :

-—__—-‘

1. See Lilavati with Kriyakramakari, op.cit., Introduction,
P. xvii, .
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si-flapzaraTd SAg-awial Taq |
yoren feread fefeag wfnd gerafeag o

In the Yuktidipika, Sankara cites Nilakantha’s Golasara as that of
his own ‘gury’ (teacher). Cf.:

efiy: TgEwHed MAg xafnan |
(Com. verse, 11, 1010, p. 177)

In the Laghu., Nilakantha's works are frequently quoted and
introduced sometimes with the term acaryepa (I'SS edn., p. 15) and
sometimes without. Some of these quotations cannot be traced to the
available works of Nilakantha, indicating the possibility of their being
stray verses of Nilakantha or verses from his other works which are not
now available. Passages from Nilakantha are profusely quoted, in a
similar manner, also in the Paficabodha-vyakhya of Sankara.

2. Narayana, the Azhvaticeri Tamprakkal (A.D. 1’435-1535)

Another teacher of Sankara was Narayana, a distinguished @dhyan
nampautiri, of the Kausitaka-gotra, who was an Azhvaiiceri Tamprakkal,
the religious head of the nampitiri brahmins of Kerala, with his seat
at Azhvaficeri in South Malabar, and having the title Netranarayana. To
§ankara, Narayana, besides being a teacher, was also a benefactor and
patron. In the colophons to his Paiicabodha-vyakhya, Sankara describes
himself as a ‘favourite disciple of the revered Narayana'. Cf.: gfa
sit-arvangsaqie-Gafea-fafad sahuaRan R qfesa |

Again, towards the beginning of the abovesaid work, Narayana
is described as ‘intent on benefitting the world, an erudite scholar and
the abode of good qualities’, Cf. :

qoAw  snagugAnres” fagad qufaiy g3d quw

1. The Malayalam com. on the Karanpasara specifies Damodara
as the paramaguru (grand-teacher). Cf.: fa= &2 quarefadd qefaag
Aaesfefeaeg fagifaqafas 2777 1 On Damodara, see K.V. Sarma, Hist.
of the Kerala school of Hindu astronomy, op.cit., pp. 54-55.

2. This line occurs in the introductory verses also of the Kriya.
- and the Laghu.
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Nariyana was an elder contemporary, friend and patron also of
Nilakantha (1445-1545), author of TS and other works (see above,
pp. XXvi-xxvii). Indeed, as already .mentioned, Nilakantha wrote his
Aryabhatiya-Bhasya at the instance of Narayana. In this regard
Nilakantha says :

gewars wifeq gamoi agaE: wfaqm sidafsTead ar@nEas
sqven Fifean | waeadaa faead o (7SS, 101, p. 113) ;  gdld saw
quaia qawRA var e Tufa feqdw wtatafear snesda sifvay | - -afenq
i g 0 aremAneeR | (7SS, 101, p. 156).

These statements necessarily mean that the Nardyapa and Nila-
kantha had found a common interest in astronomy in which discipline
they held fruitful discussions. One of the results of these discussions
was the Aryabhatiya-Bhasya, though Nilakantha actually commenced
writing the Bhasya only after the demise of Narayana. To have been
the teacher and patron both of Nilakantha (1444-1545) and of Sankara
(1500-60), Narzyana should have lived to a grand old age, from about
A.D, 1435 to 1535.}

3. Jyesthadeva (A.D. 1500-1610)

As noted earlier, in the concluding verses of the different chapters
of his TS Com., Sankara states that he had presented in the preceding

verses the matters set out by a ‘brahmin of the Parakroda family.” Cf,,
for instance :

A

1. A post-colophonic statement in Malayalam to certain manu-
scripts of Sankara’s Loghu. on TS says, as noted earlier, that that work
‘had been composed with care for the sake of Azhvaficeri’ (Azhan-
cerikku ventittu sukhame $iksiccu camaccu) (see above, p.1). While the
expression Azhvaficeri naturally stands for Azhvaiiceri Tamprakkal, it
I’leed not necessarily stand for the elder Azhvaficeri Tamprakkal, viz.,
Sankara’s teacher Narzyana, who, for reasons stated above, should have
Passed away by A.D. 1535, long before Sankara composed the Laghu.
in about 1556, The ‘Azhvaficeri’ meant here should, therefore, be his

Successor who continued to extend to Sankara the patronage which his
Predecessor had been extending to him.

TS ix
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gAY quRnEaaaEfa s |

@ g arxawged SaRssa Aar sfaa: o
(TS Com., 1. 821, p. 77)

It has also beén noted that the ‘brahmin’ referred to was a
Nampautiri of the Parannottu family, by name Jyesthadeva, and the ex-
pression samirito yo’rthah, ‘the meaning expounded’ referred to his
Malayalam work Yuktibhasa. While the verse quoted above does not
warrant Sankara being a formal disciple of Jyesthadeva, the intellectual
indebtedness of Sankara to Jyesthadeva is explicit in the paraphrasing
of substantial sections of the Malayalam Yuktibhasad in his Sanskrit
Yuktidipika (TS Com.), which Sankara dutifully acknowledges in the
verse extracted above. )

The Yuktibhasa, which has been referred to earlier in several
contexts, is an elaborate treatise in two Parts, devoted, respectively, to
the logical elucidation of Mathematics and Astronomy, and is perhaps,
one of the most instructive texts of the type produced during mediaeval
times.! Another work attributed to Jyesthadeva is the Drkkarana, a
comprehensive astronomical manual in Malayalam verse. It is divided
into ten sections called paricchedas and gives the date of its composition
in its concluding line as :

Kolambe ‘barhisunaw’ vihagagatiyatum nokki ittham camappn |

‘Compute thus substracting the planetary positions given for the
Kollam year barhisunu (783) (=A.D. 1607-8).

An old astronomical document in palmleaf, written in Malayalam
script, at the end of a manuscript of a Malayalam commentary on
Suryasiddhanta, preserved in'the Oriental Institute, Baroda, (No. 9886)*

1. While Part I of this work has been edited with detailed
Notes by Rama Varma Maru Thampuran and A.R. Akhileswara Iyer
(Trichur, 1948), an edition of Part 11 with Notes is in preparation by the
present editor.

9 For an edition and study of this interesting document which
gives the names and records the writings of several Kerala astronomers,
see, K.V. Sarma, ‘Direct lines of astronomical tradition in Kerala’,
Charudeva Shastri Felicitation Volume, (Delhi, 1973), 601-4.
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contains some welcome information about our author. The relevant

passage reads ;

gafaqer e fas wesq: | geg avgrez-avgfafearEeT
gﬁa'mm-aw%f gozifeFag Sed ae \

sesdae fean gawfveye segafamfe + €3¢ egefoid, Madifos
qAAT FARATNT, | -

‘Jyesthadeva is the disciple of Damodara mentioned earlier.
He is a Namputiri of Parannogtu (family). It was he who composed
the work Yuktibhasa.

~ “Trkkantiyur Acyuta Pisaratiis the pupil of Jyesthadeva. He is
the author of Sphutanirnaya, Goladipika and other works,’

Apart from corroborating some of the information gleaned from
other sources, the above-quoted document provides some additional
details. Thus, the astronomer Damodara, teacher of Nilakantha, was
the teacher also of Jyesthadeva. Jyesthadeva was, obviously, a younger
contemporary and pupil also of Nilakantha, for, in the Yuktibhisa
composed with a view to elaborating the rationale of the latter’s 7S,
Jyesthadeva quotes a verse from Nilakantha’s Siddhantadarpana with the
prefatory statement :

THFRT I, A1t fagraaqufan sawq etc.

“This procedure has been stated in the Siddhantadarpana by the

Teacher (Nilakantha)’ (p. 64 of the present editor’s press copy of Pt. 1I
of Yuktibhasa),

The mention, in the above-quoted document, about Jyesthadeva's
being the teacher of Acyuta Pisarati (A.D. 1550-1621), who wrote the
Sphutanirnaya* and other works, is corroborated Acyuta himself in the
closing verse of his Uparagakriyakrama, Cf. :

“AN3T: TITGT AR Ae2ITEX {IILA: |
fasgameradtadagda fasa: o

————

1. Cr. ed. by K.V. Sarma, with Auto-commentary, Introduction
and Ten Appendices, (Hoshiarpur, 1974). '
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‘(The work Upardga)kriyakrama has (thus) been set out by
Acyuta, bereft of mental confusion on account of his contemplating on
his aged and noble teacher Jyesthadeva.’

An early Malayalam commentary explains that the expression
proktah pravayaso dhyandt in the above-quoted verse gives, in katapayadi
notation, the Kali day of the completion of the Uparagakriyakrama, viz.,
17,14,262 (=A.D. 1592). Jyesthadeva who was ‘very old’ (pravaydsah)
in 1592, should have lived up to about A.D. 1610, since he is said to
have composed the Drkkaranpa in A.D. 1607-8.

4. Citrabhanu (A.D, 1475-1550)

A senior contemporary astronomer whom Sankara quotes with
respect and possibly, might have received instruction from, is Citrabhanu,
a nampftiri brahmin of the Gautama-gotra, who belonged to the village
of Covvaram (Skt. Sivapuram) near Trichur in Central Kerala. Sarikara
quotes extensively, in his Kriyakramakari, from Citrabhanu’s Ekavimsati-
praénottara. He adds also his own exposition to Citrabhanu’s karikas,
which are introduced with the following prefatorj} statement :

g AN AT-NE-TA-T-g7-agag greaf great fafearet ufwgaraE
uFfamfaar Fafwgafesd faawg-ams-rfranagfelaaaao ygdanT « a7
fegaray aemifa: agadwnamizg e |

(Lilavati with Kriyakramakari, op.cit., pp. .109-25)

‘Now, of two numbers, if from among their sum, difference,
product, squares, cubes and the (square and cube) roots, sets of two
each are known, the (original two) numbers can be calculated, through
methods enunciated by the respected (nampdtiri) brahmin named
Citrabhanu, foremost among mathematicians and astronomers. Herein-
below the same is set out by me, by way of indication, from his
instructions.” Whether Sankara was the recepient of any direct
instructions from Citrabhanu or not, the above-quoted statement is a
pointer to the high regard which he had for that savant.

Besides the Ekavimiati-prasnottara noticed above, Citrabhanu is
the author of an advanced astronomical manual entitled Karanamrtal

1. Ed. by V. Narayanan Namboodiri, with an anonymous
commentary, Trivandrum Ski. Series, No. 240, (T. rivandrum, 1973).
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The work contains just over a hundred and thirty verses, in four chapters
devoted, respectively, to the computation of the planets, gnomonic
shadow and allied matters, the eclipses, and astronomical corrections for
observation. Citrabh@nu’s reverence for Nilakantha is indicated in
the very first verse of the work, which reads :

Uy WreafgeRaamfasa T |
TEIT [ETT meata FFeT Fomay u Ly n

An anonymous commentary available on the work® explains the
expression gargyadin, occurring in the above verse, as ‘teachers like
Gargya-kerala-Nilakantha.” The date of completion of the Karanamrta
is given in the concluding verse of that work which reads :

‘ggutHvatgyd qeaa’ gerss ferargar
qRAT ‘WAATAAT Y7 HWWAT 0 ¥.3¥ 0l

The commentary explains: %9 ¥ ‘FgAAemiggd aeam (16,91,513)
AT grafaniagsgin 2faa: + ‘Feacaar’ (4631) AT JETARGA:
Fegex: | gfa ad faraw

The Kali date and year given above fall in A.D. 1530-31.
Citrabhanu is also a good connossieur of literature as exemplified by

his erudite commentary called Sabdarthdipika on the Kiratarjuniya of
Bharavi.?

5. Subrahmanya (c. 1450-1550)

Another scholar of eminence whom Sankara refers to with great
respect is Subrahmanya mentioned in an introductory verse to his Pajica-
bodha-vyakhya which reads as follows :

1. In the Introduction to the edition of the work, the commen-

tary is attributed to the TS Commentator Sankara but without any
evidence being offered.

2, Ed. by T. Ganapati Sastri, Trivandrum, 1918, (Trivandrum
Sk, Series, No. 63). The commentary, which is highly scholarly, extends
Only to the first three cantos of the poem,
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geear wffaagrasdgfreafzae

frcar wet Frrfrore enfar aer snf o
weirer: gq fAfgasmar argare: gafre:
gagra: ¥ safgani AwssEas 0 s o

It cannot be ascertained whether Subrahmanya was an astronomer,
but Sankara’s high regard for both his scholarship and personal qualities
is very much apparent in the verse quoted above. The reference by
Sankara of Subrahmanya’s rapport with Nilakantha (Cf. Nilakantha-
valambi), is fully corroborated by Nilakantha himself when he describes
himself as ‘a friend of Subrahmanya’ (Subrahmanya-sahydayena) (p. Xxiv, -
above). A post-colophonic statement in a manuscript of this work
reads Sri-Subrahmanyaya namah (see above, p. 1x), which also is, possibly,
a reference to the said Subrahmanya.

9.3. Date of Saikara (A.D. 1500.60)

The date of Sankara can be fixed within reliable limits on the
basis of the chronograms contained in his works. He gives the date of
completion of his Paficabodha-vyakhya in the concluding verse of that
work (see above, p. Ix) through the Kali chronogram prajialokoddh-
rtarn yatnad (16,91,302), which falls in A.D. 1529. In his Kriyakrama-
kari occurs a problem for the calculation of Kali days, whose solution
is 16,92,972, a date occurring in A.D. 1534, In his Karanasara, Sankara
gives the khandadina, the, day for the commencement of calculations
according to that work, as aminajiignasadhya (17,00,000), occurring in thé
year A.D. 1554. The date of the last work he wrote, viz., the Laghu-
vivrti on the TS, is said to be Kollam year 971 (A.D. 1556)'. The above
dates refer to a period of literary activity from A.D. 1529 to 1556.
One would be justified, on the above basis, in fixing Sankara’s date as
c. A.D. 1500-60,

10. CONTENTS OF THE YUKTIDIPIKA

1. Notable exposition of theories and rationales

While even a cursory glance of Yuktidipika would give an idea
of the extent and the variety of the topics dealt with in it, a closer

1. Ulloor, Kerala Sahitya Charitram, vol.Il, (Trivandrum, 1954),
pp. 273-75.
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examination would reveal the depth of treatment and the logical
approach adopted by the author in explaining astronomical theories and
mathematical rationale, The exposition which is couched in simple, racy
anustup verses makes his treatment all the more effective. As mentioned
earlier in this Introduction, (see above, pp. xlv-xlvi), Yuktidipika
introduces and discusses a large number of topics which are not
actually stated in the textual verses of the T'S, but which are useful for
their correct understanding and proper appreciation, besides giving
the rationale of the enunciations of the_text. From among these,
special attention might be drawn to the more important topics which are
noticed below.

1. Approach to astronomical studies

Touching upon the invocation in the Tantrasangraha, the
commentary specifies the purpose of astronomical computation, the
determinants of time, the aim of the discipline and the proper approach
to the study of the science (pp. 1-3).

2. Measurement of time

Speaking of time measures (TS, I. 2-13), the commentary elabo-
rates upon the rotation of the celestial sphere (pp. 4-5), the civil and
sidereal days, and lunar measure of time (pp. 5-6), intercalary and lunar
months (pp. 6-8) and the general nature of time measures (p- 8).

3. Planetary revolutions

Apropos the enumeration of the number of revolutions of the
planets per acon (yuga) (TS I. 14-22), the commentary speaks of the
theory of yugas (pp. 11-12), intercalation (pp. 12-14), verification of
aconic revolutions by means of planetary conjunctions and by inference

(pp. 14-18) and the revolution of the planets in circular orbits
(pp. 18-19),

4. Mathematical operations

In three verses and a half (1. 23-26a), the TS enunciates a
method for the calculation of the current Kali day. Since the said
Calculation involves mathematical operations, the commentary takes the
OCcasion to set out the theory and practice of the different mathematical
Operations, including the square and cube and the roots thereof,
2ero, simple, associated and dissociated fractions, etc., stating also" the
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rationale of the methodology of the derivations of each (pp. 19-47). An
interesting depiction herein is the theory of numbers (pp. 24-30).

5  Rule of three and Pulverisation

Two verses of the TS (I.26b-28a), giving the method of com-
puting the Mean planets, spark off, at the hands of the commentator,
a twenty-page exposition (pp. 48-67) on the rule of three and the
application of the rule in the determination of the current Kali day,
Mean planets and Pulverisation (Kuttaka), with the rationale underlying
each of these calculations. It is of interest to mote that Nilakantha had
adopted, for ease in calculation, the ‘reduced’ (apavartita) yuga of 576
(tatsama) years with the corresponding number of days 2,10,389
(dhijagannupura) and gives the zero-corrections of planets at the
beginning of the ninth ‘reduced’ yuga (= A.D. 1507-8) which is con-
temporaneous to his own times (A.D. 1444-1545) (Cf., TS 1. 35-39).
The commentator gives the Kuttaka-calculations relating to the same
(pp. 63-67). The rationale of reduced multipliers and divisors in
calculations with huge numbers is also explained later on (pp. 715-717).

6. Situation of the Earth

Under TS 1. 28b-34, on the °‘correction for longitude’ (desantara-
saiskara), the commentary dwells at length (pp. 68-73) with the
position of the Earth as suspended in the atmosphere, gravitational pull,
longitudinal difference of time and allied topics.

7. The Circle

Commencing the Sphutaprakarana (ch. 11), the text defines the
circle, and sine and cosine (II. 1). The commentator takes the occasion
to provide a 27-page exposition (pp. 78-104) of the entire gamut of
mathematical conceptions thereof and the rationale involved therein.
In respect of the circle, he first takes up the construction of a circle of
diameter equal to the side of a given square and the computation of its
circumference (pp. 80-88). Later, in the same context, he follows this
up with the rationale on the derivation of the circumference of a circle
in terms of its diameter and mentions several formulae involving the

summation of infinite series and implying highly accurate approximations
of the value of = (pp. 101-3),
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8. Summation of Series ‘

In as much as the formulae referred to above involves an
understanding of the summation of series, the commentator deals ela-
porately with the rationales and formulae relating to the series (pp.
88-94). The series dealt with include the summation of natural numbers,
squares, cubes and the sum of a summation of an infinite series.

9. Rsine and Arc

Since the computation of the True planets involves Rsines and
arcs of circles (7S, 11, 2-21a), the commentary, in its turn, sets out the
conceptions thereof and the rationale involved. Among the fopics
dealt with here are the mathematical derivation of Rsines, Arcs, the
accurate determination of the 24 ordained Rsines (pathita-jyas),’
sectional Rsines and Rsine differences, the summation of Rsines and
Rsine differences, and the accurate complitation of the Rsine at any
desired point (pp. 105-12),

It has to be noted here that the formulac mentioned by the
commentator above as also those similarly mentioned by him later in his
commentary, are not all his own, but belonged to the tradition which
he inherited. Some of these have been specifically stated by Nilakantha
and others to have been enunciated by an earlier astronomer M2adhava
of Sangama-graima (A.D. 1340-1425) who was known by the honorific
title Golavid.

The rationale of certain methodologies and formulae of Miadhava,
who is mentioned by name, are also set out here, These include the
computation of the arc of a given Rsine, the derivation of the phrases
vidvan etc, to be used for the accurate computation of any desired
Rsine and Rversed sine, and the jive paraspara-nyaya for calculating the
Rsine of the sum or difference of two angles (pp. 112-26). In the same
Context, the properties of cyclic quadrilaterals are also taken up and

discussed (pp. 127-43) and a formula derived for the surface area of a
sphere (pp, 146-51).

10,  Ascensional differences

In connection with the computation of True Sun, the 7S refers to
Ascensional difference (Cara). The commentary gives, in this context,
a detailed treatment of the rationale of the derivation of cara and the
application thereof to the Sun and the different planets (pp. 153-58).

TS x ’
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11, Theory of Epicycles

The computation of True planets involves the conception of
epicycles, The commentator gives in this context, the Hindu epicyclic
theory and analyses in detail the calculation of true planets (pp. 159-85).
The Golasﬁra_ of Nilakantha comes in for substantial citation. Special
mention deserves to be made, in this connection, to the commentator’s
explanation of planetary motion, daily motion of the Sun and the Moon,
and the specialities in the computation of Mercury and Venus.

12.  Celestial globe : Different conceptions

Chapter Three of Tantrasangraha deals with computations
relating to the gnomonic shadow and allied matters. Introducing the
chapter, the commentary sets out the three conceptions of the celestial
globe as Bhugola (Earth sphere), Vayugola (Atmospheric sphere) and
Rasigola (Zodiacal sphere) (pp. 186-88), and the rationale of determi-
ning the directions accurately (pp. 188-90).

13.  Rising of the signs

In the 7§, the method of calculating the Rising of the signs
(Lagna) is enumerated in 111, 14-16a, in which context, the Yuktidipika
explains the cause for the difference of the rising of the signs at
different places and gives the rationale for its derivation at any desired
place (pp. 194-97).

14, Gnomon and the Great Gnomon

Several propositions are enunciated in the 7S relating to the
12-inch Gnomon (DvadaSangulasanku), Great gnomon (Mahasanku),
Great gnomon when the Sun is at the Prime vertical (Samas$anku) and
Midday shadow (Madhyahnacchaya), (TS 1lII. 16b-59), the rationale of
all of which are provided for in the Yuktidipika (pp. 197-218). Some
of the interesting topics elaborated here are : (1) the theory of the
Precession of the equinoxes (Ayanacalana) (pp. 204-7), (2) determination
of the directions from the shadow (pp. 209-13), and (3) graphical
representation of the Shadow circle (pp. 213-14). ‘

15. The Ten Shadow problems (Dasapraina)

Ch. III, verses 60-62a of the Tantrasangraha mention that from
among the five items, viz., Great gnomon (Mahdsanku), Parallax in
latitude (Nata), Declination (Krdnti), Amplitude at rising (Digagra) and
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Latitude (4kga), if three are known, the other two can be derived in ten
ways. The TS also enunciates the methods for such derivations
(IIL. 62b-87). The Yuktidipika takes up these ten Shadow problems
and discusses in detail the raticnale of their solution, one by one
(pp. 219-36).

16.  Great shadow (Mahdcchaya) in any direction

In III. 88-91, the T'S mentions a formula for Istadikchaya, being
the "Mahacchaya in any direction. The commentary sets out the
derivation thereof from the data given, viz., Declination, Latitude and
Amplitude at rising (pp. 237-39).

17.  Rising point of the Ecliptic

The last topic dealt with in chapter Three of the 7S relates
to the Rising point of the ecliptic (Lagna) and allied computations, The
Yuktidipika takes the occasion to delve upon the astronomical situation
at the Orient ecliptic, the rationale of deriving the ecliptic-zenith distance
(Drk-ksepa) and also the rising, setting and meridian points of the ecliptic
(Udaya-, Asta- and Madhya-lagna) (pp. 241-50),

18,  Lunar eclipse

Chapter Four of the TS is concerned with eclipses, particularly
that of the Moon. From among the rationales given in the Yuktidipika
in this connection, attention might be directed to : The celestial situation
at an eclipse (pp. 255-56), (2) the detailed elucidation of the factors of
the eclipse and the computation thereof (pp. 259-75), (3) the rationale
of Valana (deflection due to latitude and declination) (pp. 275-77) and
(4) the graphical representation of the eclipse (pp. 277-79).

2. Extent of Yuktidipika

1. Portion now available

The known manuscripts of Yuktidipika do not extend beyond
ch. IV of the work. One of the manuscripts carries also a post-
colophonic statement to the effect that the work is complete, But this
Statement cannot be taken as confirmative, since, as shown earlier,
(see above, p. xx), all these manuscripts are derived from a common
archetype which should have contained only these four chapters, Neither
an the adaptation of verses from the Yukiidipika in the Kriyakrcmakari



lxzvi TANTRASANGRAHA

(see above, pp. xlvii-viii) be of help, for the subject matter of Lilavari, of
which Kriyad. is a commentary, is limited to mathematics and one could
expect herein ¥ D verses only from chs. Ito III of the TS which are
relevant also to mathematics, and not from chs. IV to VIIL

2. Evidence for YD on the entire work

However, there are evidences to show that Sankara had continued
the commentary to completion. In the Yuktidipika, when a topic which
has been discussed in detail at one place is mentioned also at another
place, attention is generally drawn to the said detailed treatment. Thus,
the detailed treatment of the epicycles in Ch. II, com, verses 865-95,
(pp. 159-61), is referred to in an earlier context in the words :

eredtmfead Sagaft exEedfa i 1. com. 147 1 (p. 16)

Referring to Lambana (parallax in longitude) to be elaborated in ch. V,
where the Solar eclipse is dealt with, he says in ch. IV :

A0 qguishen qrEg Tqeerwivend o IV. com. 128 w (p. 267)

In the same manner, while speaking about the computation of Moon’s
orb in ch. IV, the Sankara says :

eqedtwfsan Gaged sygieaar fael: 0 IV, com. 38 u (p. 256)

The reference is to the last chapter, viz., S.rr'zgonnati—Prakarazzh, of the
Tantrasahgraha, indicating, at least, that Sankara intended to comment
up to the last chapter. Definitive proof in the matter is provided by
Saiikara in his concise commentary Laghuviveti on TS VII. 4-6 (p. 322
below); where the corresponding portion of the larger commentary Yukti-
dipika is referred to in the passage ; %7 fadaasy ufy 93 a5q= amax
gagearearat giaadifasat safsaam sft g7 ga waady, proving that the
Yuktidipika extended to ch VII. It is to be hoped that further searches
would unearth complete manuscripts of Yuktidipika covering all the
eight chapters,

3. Authorities cited in the Yuktidipika

The Yuktidipika being a repository of the mathematical and
astronomical tradition prevalent in Kerala about A.D. 1500, it is but
natural that it should digest the contributions of several carlier authori-
tics besides presenting the author’s own views. Indeed, a few works and
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authors have been named in the ¥D. These include the Aryabhatiya,
Saryasiddhante and Siddhantasiromani among authorities of all-India
prevalence, and Sangamagrama-Madhava, Nilakantha (Golesara,
Siddhantadarpana, etc.) and $arkara’s primary source, ‘Parakrodavisa-
dvijavara’ Jyesthadeva. There are also a number of passages which are
apparently quotations given anonymously, some of which could be
identified and their references indicated in the edition below.

General views are introduced by such expressions as golavittamaih,
tantrantare, kaiscit, etc. Sankara refers also to his Acarya or. Guru
and some of the passages could be traced to Nilakantha’s works. In a
passage of this type, speaking about the determination of the number of
revolutions in a yuga, he says :

scaafag grea Fiagaa g |
A AT gafesga@ad o
wratdedafcd safasfatamat sefaay o 1 com. 14849 1 (p. 16)

If the Acdrya mentioned is Nilakantha and a work is referred to,
both of which are quite likely, we have, here, a reference to a hitherto
unknown and important work of Nilakantha entitled Jyotirmimarisa
(‘Investigations into astronomical theories’). Judged from its title and
‘the context in which it is cited, this treatise should have contained an
instructive exposition of current astronomical conceptions, some of which
Sankara has set out in his commentary verses, I, 123-79 (pp. 14-19).

11. CONTENTS OF LAGHUVIVRTI

The commentary Laghuvivrti of $ankara, his ‘last’ work, ‘com-
posed with care for Azhvaiiceri’ (See above, pp. 1, Ix) is, as its name
implies, ‘concise’ (Jaghu) and primarily concerned with setting out the
‘collocation of computations’ ( kriya-kalapa) enunciated in the Tantra-
sangraha. But for an instace or two, (see, for e.g., TSS edn., p. 69),
there are no poetic elaborations which characterise the Yuktidipika,
However, several authorities are cited with or without the indication of
their sources. Among the former are Aryabhata, Suryasiddhanta,
Brahmasiddhanta, Bhaskara, Sripati, Nilakantha and Sankara’s own earlier
Commentary Yuktidipika. It deserves to be noted here that in respect
of the ‘Ten Shadow problems’ (Dasaprasna), enunciated in the Tantra-
Sangraha, 111. 60-87, Sanikara supplies 39 illustrative problems and also



Ixviii TANTRASANGRAHA

one problem relating to Istadikcchdya. Most of these problems are also
worked out by him (see 7SS edn., pp. 66-91).
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sqreqr—1.

A, C, ZaqmIEoeasi: 2. A @
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SARIU~—I1. D, breaks j in the middle of a Ieaf, the rest of the Ieaf
being left blank, Also it has a confused ending : €9 7 qr17g

2. C. feearqeay
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Sarat—I1.  Verses 373-84 are the same as in Kriyakramakari under
| Lilavati 23, verses 20b-31, {edn., pp. 43-44.)

2. Mss. corrupt : A.C, fgdtat arqadiatma; B, frareaay-
AT
3. A faoq for fge=
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| —1, B, =Y 2. B. qsvea:

3. Verses 385-97 are the same as in Kriyakramakari, verses
8-20, under Lilavati, 23, (edn., p. 42).
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AEAT—1, A, 91@gi; C. qIEgiT
2. B, famregarg
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——

®nEar—1. C. Hap. om. of the next three lines.

2. Some of the verses from 403 are very similar to certain
verses in Kriyakramakari under Lilavati, 59, (edn. p. 109), where 21
problems are treated while only 10 problems are treated here.

3. A.B. g 4. A, qar FF
5. A, faessamiza: 6.0 A. B. C. @y
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wEa—1. A, gaifz a3:

2. Verses 417-30 are closely similar to Kriyakramakari, verses
1-13, under Lilavati 32, (edn., pp. 64-65).

3. A.B, fawg 4. A. szigifag
5. A. 33R=a:
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|Et—I1, B, gmiga): @
2, Verses 430-38 are the same as Kriy&kramakafi, verses
1-8, under Lilgvati, 33, (edn., p. 68).

{1 Ho—g
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et — 1. C, &afaq s 2. A. B % for gg:
3. A.B. o3F'q 4 A aw
5. Verses 439-58 are the same as Kriyakramakari, verses 1-20,
under Lil/avari, 36, (edn., pp. 73-74).
6. A.B. gaedy
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|aRaT—1,

4.
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A. SE1FITH 2. A gaf 3. A.aa

A, fawaugey ; B, fawauwes; C. fAwaw aig
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qreqT—I,

Verses 459-71 are the same as Kriygkramakari,
verses 1-13, under Lilavati, 39, (edn., pp. 79-80).
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2. Verses 472-86 are the same as Kriyakramakari, verses
1-16, under Li/avati, 41, (edn.. pp., 82-83).

3. B.wWis#Y ga:



%% e qEATWIY [ weam: q

WY AdY A wisalsweAr fawead
wingisfa wmwRaa msnfg@iay v ¥es
quieuig @ aEg! fegrt wieRat aa: )
arae Ao ATTER 9F W /AT U ¥R 1
sageltai wisafaezmi quistaar fead: |
WIIERAT WAZreaaaaat 4 sxafeqd: u ¥so
wegafagasia wisnsafraaaaa: |

AFYT WINZIET  EaeIfuaea: n ¥sq
a=gfua) wisardw amvagsgia’ |
gadigamaifa wfnada g gat v ¥s 0
g qiFaAl 4 glag grRwwadr |
arafgTaar ARERINgITET qaa || ¥53 )l

WISa®d qaccqay WIEIsusrRas |
qUWITRAFATA! TATENG I 1l ¥5¥ 1
afador &AvN womAT 7 famgae
Faigawingi fagismensr /3q 0 ¥ay |
HFTHIA oA FATAITRETY A& 1 ¥R A
g
[ fosmamaaaEan |

SfamanjuguaY: d@an JaEad:
¥e: anfafy afgagusdafn afmag n ¥z

gufyaaedsfeny avslqad Waq |
Ta=eAifhaY Y a9 39T AR 0 ¥es

——

mear— 1. A, igwfassia
2. A.B. TeaEary

3.  Verses 487-94 are the same as Kriyakramakari, verses 1-8,
under Lilavati, 43, (edn., p. 86).
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A. geg

( &arEa), o )

Verses 495-99 are the same as Kriyakramakari, verses 1-5

under Lilavati, 44, (edn., p. 89).
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sarEqt—1. Verses 500 ff. have several verses in common with
Kriyakramakari, verse 1 ff.,, under Lilgvari, 89 (edn.,
* pp. 204-9). 2. A. NIy
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“AW—1. A, B.C. qqig 2. A, afwsr (2 afawr)
Wo do
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At —1. B, 3sged qEg 2. A, q§S8MAT;
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This refers to a contemporary date of the author
Nilakagtha Somayaji (born A.D, 1444), who takes 576
years as a ‘minor’ yuga (verse 39, below). Thus, eight
yugas (8><576:4608 years) from the begioning of Kali
will end and the ninth yuga will commence at the close
of the Kali year 4608 (A,D. 1507-8),
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