


While mathematical and
astronomical studies - suffered &
setback in North India from the
13th century, such studies conti-
nued uninterrupted in  pockets
like Kerala, in the south, far
removed from the vortex of politi-
cal and other tribulations: A
proper evaluation of these investi-
gations and a full account of the
literature thereof has, all along, -
been a desideratum.,

The present History of the
Kerala School of Hindu Astronomy
attempts to depict, in pers.
pective, the contribution of Kerala
to mathematics and astronomy,
in six chapters devoted, respece
tively, to : I, Some salient features
of Kerala astronomy : 11, Antis
cipation .of modern mathematical
discoveries by Kerala astronomers :
II.  Major trends in Kerala
Jyotisa : 1V. Kerala astronomers :
V. Bibliography of Kerala Jyotisa
and VI. Bibliography of Kerala-
based Jyotisa, Of particular interest
herein are ch, III, demonstrating
the anticipation of several medern
theorms, ch, IV, giving details of
the lives and works of about cighty
astronomers, and ch. V, identifying
as many as 752 works and 111
authors, with full documentation
such as manuscripts of the works,
dates of authors and works,
earlier writings and indication of
the contents of the texts.

It is to be hoped that the
present  History will provide
historians of mathematics with a
fair idea of the contribution of
Kerala to Hindu astronomy,
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PREFACE

The present work on the Kerala School of Hindu Astronomy
grew out of my econviction about the sustained development of
the twin disciplines of astronomy and mathematics, in that part
of India, during mediaeval times, even after the period of Bhaskara II
(b. A.D. 1114), from when on, itis uniformly presumed that Hindu
mathematics had come to a standstill (see below, pp. 11-12). For
a proper assessment of the said development, the premier requirement
was an analytical and documented aceount of the extensive source
materials on the subject, in Sanskrit and in Malayalam, as recorded,
mostly, in palmleaf manuscripts  Critical and comparative studies
on individual topies, authors and works could follow, on the
basis of the said account. And, the cumulation of such studies
could be expected to set out the contribution of Xerala to Hindu
astronomy, which would form a substantial chapter in the history of
that discipline.

This volume is intended as a history °‘in perspective’, a
necessary fore-runner to ‘descriptive’ and ‘comparative’ histories of
the subject. The aim is to set out in broad ‘perspective’ the
haracteristics of Hindu astronomy as it developed in Kerala

g (PP 1-10), its major achievements and highlights (pp. 11-28), its
“main trends (pp. 29-40), a chronological account of the astronomers
and mathematicians of Kerala (pp. 41-81), a fully refersnced and
documented survey of the literature on the subject produced
in the land, with extracts from manuseripts and mention of earlier
writings on them (pp. 81-184) and a similar survey of the literature

inspired by Keralite ideas, but produced beyond the borders of Kerala
(pp 185-96).

The seotions on ‘Modern anticipations’ (pp. 11-28) and on
‘Major trends’ (pp. 29-40) are bound to be highly instructive, So
also are the sections on the ‘Bibliography of Kerala Jyotisa’ and
the ‘Bibliography of Kerala-based Jyotisa', in 115 pages, which form
the -burden of this book. In the former as many as 752 works and
111 authors have been identified and marked off with documentary

evidence, and in the latter 118 works and 32 authors have bgen
similarly treated.

vij



viii KERALA ASTRONOMY

Of the said 752 Kerala works, 402 pertain to astronomy and
mathematies and 3530 to astrology. Among the astronomical works,
the karapa texts number 211 and works on general astronomy, 80.
There are 34 works on eclipses, which either enunciate new metho-
dologies, indicate revised ealculations or describe eclipse computation:
A very important type of texts, numbering 9, pertain to the exposition
of astronomical rationale (nydya and yukti). Works connected with
the Siddhantas number 6, with Tantra 34 and with mathematics 28.
The above résume would amply substantiate the claim for sustained
astronomical investigation and literary activity in that subject in
Kerala during the late mediaeval period.?

The survey, conducted as above, has resulted, as might be seen
from the inventory of Kerala authors and works (pp.85-184), in
the identification of several hitherto unknown astronomers and the
discovery of a large number of interesting texts, especially on chaya,
grahana and sphutakriya ; these can be distinguished in the said
/inventory by the absence of any reference to modern writings
recorded below the respective entries. Among the identifications are
included also the different versions and recensions of works like the
Kriyakramakari, Goladipika and Nyayaratna. Several works bearing
the samo title, and authors having a common namo have been identified.
(See for example, Uparagakriyakrama I1.1II, Grahapaganita I1.X,
Grahanastaka 1-1V, Paficabodha 1-XI, Muhurtapadavi I-VII ; Damodara
I-ITI, Narayana I-VIII, Porusottama I-III, Sankara I-IX etc.). A
number of additions, correlations, and corrections to existing views
could also be made which would be apparent on a reference to entries
such as Acyuta II (see also p. 184), Azhvaiiceri Tamprakkal, Ghatigopa,
Citrabhinu-Sisya (see also p. 184 ), Jyesthadeva, Nardyana I,
Nilakantha I, Parame$vara I, Putumana Somayaji, Madhava I, Sankara
Variyar of Trkkutaveli, Sankaran Namplitiri of Mahisamangalam,
Muhartapadavi, Hora etc. Of special significance in the matter of
ingenuity is the Venvaroha of Madhava and the genre of texts based on
its method, Among the numerous new works discovered, two deserve
special mention, viz., the Grahapariksakrama of Nilakantha Somay#ji
and the Saryasiddhdnta-vyakhya of Acyuta Pisdrati. As a matter of
fact, it is quite possible that further examination of the manuscript

L Y

1. It might be mentioned hete that S.N. Sen's Bibliography of Sanshrii
works on astronomy and mathematics, (National Institute of Sciences of India,
New Delhi, 1926), records only about 660 works, in ail, for the whole of India.
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sitories in Kerala is likely to result in more discoveries and
repo
identifications.

This volume is primarily the outcome of the researches w.hich'
T carried out as a University Research Scholar und:er the superfrlsion
of Prof. V. A. Ramaswami Sastri, concurrentlj.r with my dl'ltles ‘as
the Supervising Pandit of the Cataloguing Sectlc.)n 'of the Unntersﬂ:y
Oriental Manuscripts Library, Trivandrum: My intimate association,
later, with the compilation of the New Catalogus Catalogorum of
Sanskrit Works and Authors at the Madras University also proved
to bs of great help in my work.  The thrill at discovering the
thitherto unknown basic of text of the Parahita System of Kerala
astronomy, viz., the Grahacaranibandhana of Haridatta (c. A. D,
650-700) and, subsequently, of the basic text of the Drk System, viz,,
Parame§vara’s Drgganita, which had been proclaimed by all earlier
 scholars as irrevocably lost, sustained me through the heavy
strain involved in examining several hundreds of palmleaf manuscripts,
identifying, studying and correlating works on Jyotisa. Another
factor which kept up the tempo of the investigations, during later years,
was the flow of queries from the late savant, Vatakkumkiir Rajaraja
Varma, who was then writing his 6-volume History of Kerala Sanskrit
" literature and 2-volume Supplement to Ulloor’s History of Kerala
literature, I cherish the privilege I had in supplying  him with
substantial literary information in that conmection, which he has
generously acknowledged at several places in his said books, parti-
oularly in the Preface to vol. I of the latter work and in the general
reference he has made on pp. 508-9 of vol. VI of the former:

The magnificent Manuscripts Library of the Kerala University,
which is the largest repository of Kerala manuscripts, has, naturally,
been the prime source of my basic materials. I am indebted to the
successive Directors of that Library, to wit, Prof. V.A. Ramaswami
Sastri, Dr. P.K, Narayana Pillai and Dr. K. Raghavan Pillai, and to
Dr. L.A. Ravi Varma, who was in charge of the Maharaja's Palace
Library, Trivandrum, for the facilities they afforded towards my
studying the materials available at these centres. Thanks are due,
for similar facilities, also to the authorities of certain other
manuseript repositories, especially the Govt. Oriental Mss. Library,
and the Adyar Library, Madras, the Sanskrit College Library,
Trippunithura, the S.Vi Oriental Institute, Tirupati, and our own
Vishveshvaranand Institute, Hoshiarpur. Among the private collections

Ker. Astron, ii
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which I could make use of, a mention might be made of those at the
Azhvaficeri Tamprakkal Mana, Kanippayyr Mana, Elamprakkottu
fZana and Vayaskara Illam, to the custodians of all of which I am
thackful. I am obliged to Shri Rama Varma Maru Thampuran of
Cochin, Chalakkudi, for providing me with the details about several
astronomical tracts and to Shri P. Ramanathan, Ulloor Publishers,
{rivandrum, for placing at my disposal, the rich library of his father
Ulloor 8. Parameswara Aiyar, the veteran historian of Kerala literature.
Among modern scholars on mathematics, T am particu!arly grateful to
frof. T.S, Kuppanna Sastri, Sanskrit College, Madras, and Prof.C.T.
Hajagopal, lately of the Ramanujan Institute of Mathematics,
/niversity of Madras, for the inspiration they gave me in my investi-
gations. I also wish to put on record the help that I received from
£hri Raj Kumar and Shri K. Sundareswaran of our Institute in the
matter of reading the proofs and allied work reia;ting to the present
publication. The credit for the neat and expeditious execution of the
printing of this volume goes to the V V.R.I. Press, Hoshiarpur.

K.V. Sarma
Vishveshvaranand Institute,
Hoshiarpar, '
Awngust 15, 1072,
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CuapTER 1

SOME SALIENT FEATURES OF KERALA ASTRONOMY

1. Introduction S
Mathematics and astronomy are two of the scientific §.d15c1pllp§s
to which significant contributions have been made, down.the Qentgrlcs,
by Kerala scholars. The land of Kerala, a narrow strip ot terntgz
tucked away between the Western Ghats and t_he Arabrlén se‘a, ,producczh
superb mathematicians from very ear_ly .tlmes. IThe fervour WI.
which the sister science of astrology, in iis dzrfcren‘t branches, was
cultivated, had bad the beneficial effect of pro'motlng the _study of
mathematics and astronomy, for the latter provided the basic frame-
work for the practice of the former, The social struciure which
confined mainly, to certain sections of the community, the study of
these disciplines and the freedom from political or religious upheavals}
which Kerala enjoyed heilped the uninterrupted develSpmecnt, here, of
these sciences. As a result of all this, sigaificant strides were made
‘and a very large number of treatises came to be written, dowa to the
19th century, in these disciplines, However, only a fraction of tiese
works have come down to us, the bulk having been lost oa account of
the ravages of time and the inclement climate of the land which
had a highly detrimental effect on the palmleaf manuscripts on
which these works had been inscribed. The highly conservative
outlook of the custodians of extant manuscripts of these technical
texts, the local Malayalam language in which many of these works
have been composed or commented upon and the rather obscure
Malayalam script used for writing the manuscripts have all stood
in the way of a proper study and interpretation of these works
in terms of modern mathematics and thereby institute a proper
qvaluation thereof, In fact, modern scientific studies on Kerala
astronomy have been based mainly on just a handful of texts as have,

so‘ far, beea made avatlable in print, out of the few hundreds of texts
still available in the form of manuscripts,

2. Spirit of enquiry

At the outset, a reference mi

C i ght be made to the mental outlook
and spirit of €nquiry that

characterised Kerala astronomers and
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maibematicians in their investigations. Parameévara of Vatasreni
(c. 1360-1455), who revised the then prevailing Parahita system of
computation and evolved new methods in his work entitled Drgganita,!

makes a revealing statement in this regard, in the beginning of
that work. He says:

dréyante vihaga drstya bhinnah parahitoditah |
pratyaksadrstah spastah syur grahah SGstresy itiritam /1.2 ]]

satkarmoditakalasya graha hi jianasadhanam |
aspagtavihagaih siddhah kalah $uddho na karmani || 3 //

ye tu §astravidas tadvad golayuktividas ca ta'h |
sphutakhecaravijfiane yatnah karyo dvijair atah || 4 |/

saficintyeti samalocya purvatantrani yatnatah |

sphutayuktim khecaranam goladrstya samiksya ca I1'5]]

Sphu;akhecaravijﬁanam $isyair yaih prarthitam dvijaih /

tebhyo Drgganitam ndma ganitam kriyate maya [[ 6 |/

‘(The positions of) the planets derived according to the Parahita
(system of computation} are found to be different (from their actual
positions) as seen by the eye. And, in authoritative texts {§astra)
it is said that (only) positions as observed (should be taken) as the
true ones. (L. 1i. 2).

‘( The positions of ) the planets are the means of knowing the
times specified for (the performance of ) meritorious acts. (Here),
times calculated from incorrect (positions of ) plauets will not be
auspicious for those) acts. (3)

T c—

1. K. V. Sarma, The Drgganita of Paramedvara, Cr. ed. wita Introduction,
Hoshiarpur, 1963. Paramesdvara is reputed to have made continuous astzo-
nomical observations for 55 years with the help of instruments : Cf. what
Nilakaptha Somay&jin, who received instruction from Paramesvara, says in
his Aryabhatiya-bhasya (Gola, 43) : Paramesvaraciryenad punah grahand-
grahayogadikam yantrath paficapaiicadad-varsakalam samyak pariksitam. Aha
caivam...' ' grahendrah pa?&capaﬁcaéad-vauakalaaadaniare" etc. (Trivandrum
Skt, Ser., No. 185, p. 154).
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‘Hence, efforts should be made for knowing the true (positions
of) planets by those who are learned in the sciences and by those who
are experts in spherics, (4)

‘Cogitating thus, and painstakingly studying the ancient texts
and observing well the true positions of the planets according to the
spherics, I am composing a manuval on astronomy for the twice-born
disciples who requested for a knowledge of the true (positions of the)
planets’. (6).

3. Stress on observation and experimentation

An insight into the mediaeval astronomer’s methodology, which
consisted of prolongcd and repeated observation, experimentation,
recording of readings, checking of the values obtained from observation
with those obtained by computation and the postulation of corrections
(samskidrc), in order 1o make computation correspond with observation,
might be illustrated by certain statements which Paramesvara makes
elsewhere. In his sub-commentary Siddhantadipika on the Mahabhas-
kariya-bhasya of Govindasvamin,! he has a long excursus on a number
of eclipses which be had observed carefully and about which he had
recorded the details, with a view to effecting necessary corrections to
prevailing rules of computation or for formulating new rules therefor
(op. cit., pp. 321-32). He commences the said excursus with the
statement that he bhad been observing eclipses from Saka 1315
(A.D. 1393), that he had found the observed times to have always

preceded the computed times and, so, the computations needed
corrections :

‘tithivisva’-(1315)-same sake prarabhya grahanam maya |
anzkam  iksitam, tesu bhinnah kalo dréa sada /[2}]

pratyaksakalas  tesu prag  ganitanitakalatah |
atah karyo ’tra samskaro vah ka$cid ganakottamaih /1'3]7] (p. 321)
He then enunciates the True positions of the Sun, Moon,

higher apsis and node at sunrise for a particular contempora
as calculated by the application of the corrections

Moon’s
ry date
preposed by him,

———y
. T.s. .
Kuppanna Sastri, Cr. ed. of Mahabhaskariya of Bhasharacarya with

the Bhaaya of Gopi
- ovindasyamin . .
Paramelvam‘ Madras, 1957 and the super-commentary Siddhantadivika of



4 KERALA ASTRONOMY

so0 as to form the zero-readings for calculations beginning from that
date. He also suggests that verifications should be made in course
of time and further corrections postulated and applied as and
when needed :

asmin kale tu ravindnccapatanam sthitir idrst |

etatsiddhyartham asmabhih samskarantaram adrtam /191 ]]

kalantare tu scwskarcé cintyaram gapakottamaih /93] (p.332)}

4. Concern for accuracy

The concern of these astronomers for accuracy in the results of
computations is reflected in a statement, again by the same author, in
another work of his. Towards the close of an extensive work on the
computation of eclipses. entitled Grahapamandana,® Parameévara
observes, in all humility, that the times of contact etc.as obtained
through the calculations enunciated in that work may, at times,
differ slightly from observed positions.® He hastens to add that
these small differences must be due to factors which he could not
take into account or which had not been jdentified thus far. But, as a
practical scientist, he is confident that it would be possible to
postulate, as a result of further observations and experimentations,
the necessary corrections by the application of which even these
small differences could be eliminated :

sastrad alabdha ekah samskaro grahanakarmani ravindvoh /
asty eveti ca kalpvah ganakavarair yuktividbhir atah || 98 |/
drstva bahaparagan saficintya ca golayuktim iha ganakaih |

kalpyah sa tu sarskaras tasmad, athava gurupadesena [/ 99 |/

5. Researcher’s outlook

The endeavour among Kerala astronomers for continuous

1. On Paramesgvara’s astronomical observations, see K.V. Sarma, ‘An-
pattiyaficu kollatte tapassu' (‘Fifty-five years’ penance’), Mathrubhumi (Mala-
yalam Weekly, Kozhikode), 7.10.1936, pp. 29-30.

2. K.V, Sarma, Grahanamandana of Paramedvara, Cr. ed. with Introduction,
Translation and Appendix, Hoshiarpur, 1945

3. Cf., Ibid. : kalo *nena ca siddhah kadacid api bhidyate svalpam [/66/]
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efforts at improving their results is reflected in the enunciati?n by
Parameévara in a later work of his, viz. Drgganita, a.COI'ICCthll. to
one of his earlier works, the Grahanamandana.  This correction
which is to be applied to the Mean positions of the Sun, Moon,
Higher apsis and Node as calculated according to th.e Grahc?namamjana
fs given at the close of his Drgganita, 11, 47-50, with the introductory

statement :

Raryo grahesu Grahanamandanoktesv atah param |

samskaras tam ca vaksyami tatra noktam yato maya /] 11, 47 |]

6. Continuity of tradition

Still another significant characteristic of Kerala astronomy and
mathematics relates to the regular continuity of traditional knowledge
that was handed down from father to son or from teacher to disciple,
in succession. Some of the known lines of tradition extend through
several centuries. An old palmleaf document disccvered and published
by the present writer! records a line of tradition which extends from
“the 13th to the 17th centuries: Govinda Bhattatiri of Talakkulam
Q,"(f-\237-'95)—>pupi!-: grandfather of Parameévara (13th-14th cent.) —
,'gmnd's'on-pupil + Parame$vara ( ¢. 1360-1455) — son : Diamodara
- (15th cent) — pupil : Nilakaptha Somaydji (1444-1545) — pupil :
Jyesthadeva (c. 1500-1600) — pupil : Acyuta Pisfrati (1550-1621).
Another similar astronomical chronology recorded in the Aranmula-
villasam Harsappdttu by Krsnan Aéan, author of Bhisa-Jatakapaddhati,
carries the above-noted tradition to the beginnirg of the 19th century ;2
Acyuta Pisarati (1550-1621) — pupil : Trppanikkara Potuva] — pupil :
Navalyikkulattu Azhiti — pupil : Pulimukhatty Potti ({1686-1758)
~>pupil : R&man Aédan (18th cent.) - son: Krspan Asan (1756-1812)
This line continues as follows : Krsnaddsa (1756-1812) — pupi! :
Daksinaimtrti Mussatu of Mangalagéeri, in Aranmula (18th-19th cent.)
— pupil : Bilardman Pilla of Nalskattil family of Mannar (19th cent.)
— pupil : Prince Rajarija Varma (Vidvan Karindran Cerunni

———

1. K.V.Sarma,

‘Direct lines of astronomical tradition in Kerala®, Pt, Charu-
deva Shastri Felicitg

tion Volume, Delhi, 1972; ‘Oru Jyotiga-granthavari’ (An

:;tgog;;:ical document),” (in Malayalam), Mathrubhumi (Kozhikode, Kerala),

2. See Ulloor S. Parames

wara Aiyar, Kerala Sahitya Charitram, (History
of Kerala literature),

Vol. I, {Trivandrum, 1954), pp. 321-22,
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Koyittampurin of Xilim#nir) (1812-46).!  The importance of the
continuity of tradition in a practical, demonstrative discipline like
astronomy, at a time when there wasnot a proliferation of printed
books and public schools, is self-evident. And, the part played by
these traditions in keeping alive the torch of astronomical enquiry
in Kerala cannot be underestimated,

7. Basic features of Kerala astronomy

(a) Adherence to the Aryabhatan system. From at least the
7th century, if not earlier, Kerala had been the basticn of the
Aryabhatan school of astronomy. While the view expressed in
certain quarters that Aryabhata hailed from Kerala® has yet to be
substantiated, there is no doubt about the extensive popuiarity of this
system in the land. The later Kerala schoels are all based on the
Aryabhatan system. Most of the known commentaries on the
Aryabhatiya have been written by Kerala mathematicians. Well-nigh,
every one of the scores of astronomical works produced in Kerala
follow the Arvabhatiya basically. And, the efforts of Kerala
mathematicians have generally been directed towards the revision,
supplementation and correction of Aryabhtan astronomy and mathe-
matics with a view to deriving more accurate results.

(o) Katapayadi notation. An extremely convenient method of
expressing numbers through letters, known as the Ka-ta-pa-yadi
notaticn, has been extensively used in Kerala from very early times.
A legendary author named Vararuci is credited with this innovation
and the authorship of the popular collection of Candra-vakyas or
Vararuci-vakyas (‘Moon computation sentences’), composed in this
nctation. The Grahcaranibandhana of Haridatta (A.D. 683) also uses
this notation extensively., In this notation, each of the four series of
consonants beginning with &, f, p, and y in the Sanskrit alphabet
stands for the digits 1to 9. In conjunct letters, the value only of the
final consonants is to be taken into account. Vowels following the
consonants have no value. nand 7i and the pure vowels stand for zero.

A ———— e

1. Ibid.

-

> For the latest essay in this direction, see X Damodaran Nambiar,
*Aryabhatan', Mathrubhumi (Malayalam Weekly, Kozhikode, Kerala). Oct. 18,
1970, pp. 15-16, 41.
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The letter ], which is peculiar to Dravidian denotes 9.1. ’ljhe versatility
of the notation rests in the fact that even long and lecate numbers
can be expressed through apparently meaningful cxpress?ons. ax:d verse-
bits, facilitating their easy verification and' memorisation, .Tl?e
aumerous sine and other mnemonic tables which form a charac.tenstl.c
feature of the Kerala School of astronomy are couched in this

notation.

(¢) Basic principles. In their mathkematical work, Kerala
authors and, for that matter, Indian authors in general, based them-
seives on the fundamentals of arithmetic, algebra, geometry and
trigonometry. They were aware also of properties of numbers, to some
extent. Calculus and higher mathematics, as developed in the West
during the last three hundred years, were not known, but strict
application of geomeiry, trigonometry and algebra, coupied with
clear analytical thought and intuition, have enabled Kerala astronomers
to arrive at impeortant results and enunciate theorems which were
later rediscovered in the West, some after several centuries?

8. Parahita system of astronomy

A sjgnificant event in the annals of Kerala asironomy was the
promulgation, in A.D. 683, of the Parahita system by Haridatta
( c. 650-700 ) through his Grahacaranibandhanat and Mahamarga-

1. The simple rule for this notation is given by the verse :

na-nay acad ca dunyani, sankhyah ka-ta-pa-yadayah |
midre tTpantahalsankhya, na ca ciniyo halah svarah [/

Sadratnamala of Sankara Varman

2. See e.g., the chronogram ‘acaryavag abhedya’ which is kali day 1434169,

. 4 .1, _ . ‘.
‘on which Sankaracirsa introduced certain reforms ; and the Moon-gentence,
8% nah éreyah’ denoting 0°—12"—3",

Ch ?I For a resume of the more important of these anticipations. see below,

4, ith ] .
On th (;r ed with Iatro. by K.V Sarma, K.S. Research Inst., Madras, 1974,
€ discovery and identification of this thitherto unknown basic text of the

P i .
A:fahhzta sy.stem see K.V, Sarma, ‘Parahita-ganitattinte molagrantham’,
athrubhumi (Mal. Weekly, Kozhikode), Qct. 10. 1654,
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nibandhana.t The event is recorded in several later works. For
instance, the Sadratnemala of Sankaravarman says :

acaryaryabhatapranitaganitam prayah sphutam tat kalau
‘gotrottunga’-(3623)-mitabdake vyabhicaran brahmadisiddhantake |

drgvaisamyavasat ‘mahdsthala’~-(3785)-mite kalyabdake niscitah

sariskaro vibudhair yatah parahitatvam tesu vinesv ayam [[ (6.1, 3)

‘The astronoinical treatise composed in Kali 3623 (A.D, 522) by
Aryabhata gave well-nigh accurate results, whereas tie siddhantas
ascribed to Brahm@ eic, had (by that time) tended to be inaccurate.
(When its results too tended to be inaccurate, as exemplified by their)
not taliying with observation, the correction called Parahita was
adopied by the wise in Kali 3785 (A.D, 683) for the planets other
than the Sun’.2

Tradition says that the inauguration of the system took place
on the occasion of the twelve-yearly Mamankam (Maha-magha) festival
held at Tirucavay on the Malabar coast.?

Haridatta based his system on the Aryabhatiya, but improved
upon it in several ways. He made computation easier by specifying
simple multipliers and divisors for the various calculations, including
the derivation of the positions of the planets, His use of the
Katapayadi notation made his composition elegant, He introduced
the unique system of enunciating graded tables of the Sines of the
arcs of Anamoly and of Commutation of the different planets
(Manda-jya and Sighra-jya) at intervals of 3° 45", to facilitate the
computation of the true positions of the planets. His Grahacara-
nibandhana being only the computation manual of the system, deals,

1. This seems to be the full-fledged theoretical treatise of the Parahita
system while the Grahacaranibandhana is only its working manual. Manuscripts
of this work have not yet comes to light; the work is known through its
reference by Haridatta himself in the Grahacaranibandhana, 3. 44.

2. For other references to this event and the identity of Haridatta and his
works, see K.V. Sarma, Grahacaranibandhana, op. cit., Intro., pp. v-ix.

3. See ibid., pp. vi-vii; Ulloor 8. Parameswara Aiyar, Kerala Sahiiya
Charitram, vol. I, (Trivandrum, 19.3), p. 165.
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with the calculation of the Kali days e.lapsed, tithi and
naksatra of any day, the mean and retrograde motion of t.hc planets

heir Mean and True positions. One of the corrections m.troduccd
andltihmil;jatta to make Aryabhatan resulfs more accurase,'ls cal?ed
l;})i’mmii;amskara or Sakabda-samskdra (on "ficc?unt’ off Axts bt:n:;g
calcﬁlated for the years beginning from tl}e. sakabfla_u o r)éa .;_1 ,t
viz., 444), and is particularly sigmﬁ'cam. This corrcctxolx? spf.c: eg 18
for every completed year after Saka 444, a correcnog 'm 11:7“;5658
(kala) of —9/85, —65/134, —13/32, + 45/235, ;—}- 420/’23.3., — f/ _)h,
—153/235 and +20/.35 should be made to the Lican posltlf)ns of the
Mocn, Moon’s apsis, Moon’s node, Mars, Mecrcury, Juguer, Venus
and Saturn, respectively, no correction being necessary in the case

of the Sun.?

mainly,

A large number of astronomical manuals based on the Parahita
gystem, including a Grahacaranibandhana-sai:igraha,z. have come to be
composed during later times, both in Sanskrit and in I_\ialayalafn, e-,fch
taking off from a convenient contemporary epoch (khanda-dina) for
which the True positions of the planets would have been fixed after
claborate calculations, these positions being used as zero-corrections
for computation according to these manuals., Some of these incorporate
| also further corrections,

9, Drk system of astronomy

The Drk system promulgated by Parame$vara of Vatadreni
(c. 1360-1455), through his Drgganita,® is, as pointed out above (§2),
a revision of the Parahita system and was composed with a view to
make the results of computation accord with observation, While no
new methodology is enunciated here, new multipliers and divisors are
given for the derivation of the Kali days and for the calculation

of the Mean positions of planets, Minute corrections jare given

1. The verse giving this correction reads as follows :

‘vagbhavo' {441) nac chakabdat dhana-édata-laya-han manda-vailaksya-ragair
aptabhir liptikabhir virahitaianavaé candra-tattunga-patah |/
éobha-niradha-sarmvid-ganaka-nara-hatan magar-aptah kujadyah

samyuktd jfigra-saura virahitatanukau jivadukrau, na bhanoh [/

2. Ed. K. V. Sarma, as Appendix to the edn of Grahacaranibandhana,
Madras, 1954,

3+ Cr. ed. by K V. Sarma, with Intro. V.V.R. Inst, Hoshiarpur. 1963,
Ker. Ast, 2
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for these positions after long periods of time. Revised values are
given for the positions of planets at zero Kali., Also, the values
of the sines of arc of Anomaly (Manda-jya) and of Commutation
(Sighra-jya) are revised and given for intervals of 6 degrees,!

As in the case of the Parahita system, a large number of
manuals have come to be composed following the Drk system, both in
Sanskrit and in Malayalam. The results obtained through this system
being more accurate, this system was used for horoscopy (jataka),
astrological query (prasna) and the computation of eclipses (grahana),
while the Parahita continued to be used for fixing auspicious times
for rituals and ceremonies (muhnrta). In order to cater to both the
purposes, some of the later manuals have dealt with both the Drk and
Parahita systems.

1. On Parameévara and the Dyk system in general, see Intro. to Drgganita,
op. ¢it., pp. x-xiii. See also, X.V. Sarma. ‘Paramesévara’s Dygganita’, Moathru-
bhumi (Kozbikode), Aug. 28, 1960, pp. 19-21,



CuAPTER Il

ANTICIPATION OF MODERN MATHEMATICAL DISCOVERIES
- BY KERALA ASTRONOMERS

1. The background

In the light of the trends that developed in the study and practice
in Kerala of the twin sciences of astronomy and mathematics, as
indicated in the last chapter, it need not be surprising that some of the
significant findings of modern ‘mathematics are found anticipated in the
astronomical works produced during the mediaeval times in that region.
In their endeavour to make the results obtained by computation
accord with observation, the Aryabhatan "school of astronomers of
this corner of India made substantial advancement in their computational
skill. Working on the basic principles of algebra, geometry and
limiting values, they produced, by dint of shrewd thinking and
logical reasoning, coupled with a fund of intuition, significant results
on such matters as the reduction to the ecliptic, summations and
associated integrations leading up to the value of = etc. Especially,
the achievements connected with = were brought to the notice of
scholars by Charles M, Whish who presented a paper on the subject
before the Royal Asiatic Society in 18321 Among other things,
Whish set out in this paper the several formulae enunciated in four
Keralite works on astronomy and mathematics, viz., Tantrasangraha,
Yuktibhasa, Karanapaddhati and Sadratnamala, for the circumference

of a circle in terms of its diameter and transformations of the infinite
series for = associated with the name of Leibnitz.

The significance of the findings of Whish was hardly taken note
of by historians of mathematics or of Indian literature, for more than
a century. lnstead, the view continued to prevail that Indian astronomy
and mz.nhematics were mostly borrowed from the West and that, at
least since Bhaskara 11, little original contribution was made by India to

1. C.M. Whish, ‘On the Hindu quadrature of the circle, and the infinite

:eness of the proportion of the circumference to the diameter exhibited in the
our : stras, the Tantrasamgraham, Yucti-bhasha, Carana Padhati and Sadratna-
mala’, Trans. Royal Asiatic Soc. of Gr. Britain and Ireland, 3 (1835) 509.23.

13
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these disciplines.! The credit for Jaunching, in the 1940-s, a detailed
study of the discoveries of Whish in terms of modern mathematics
goes to Prof. C.T. Rajagopal and his students and colleagues, including
K. Mukunda Marar, A. Venkataraman, T.V, Vedamurthi Aiyar and
K. Balagangadharan. The valuable notes added by Rama Varma
Maru Thampuran and A.R. Akhileswara Aiyar to their excellent edition
of the First Part of Yuktibhasa, (Trichur, Kerala, 1948), an expository
work in Malayalam, new light on whose date and authorship has
recently been thrown,? is another significant contribution in this
direction, More recently, some other scholars like T.S. Kuppanna
Sastri, T. A. Saraswathi and R.C. Gupta have been making valuable
contributions to connected topics. The attempt made herein below
to present, in a succinct form, the results of the investigations of the
said scholars and those of the present writer which lie scattered in
different books and periodicals, will, it is to be hoped, give a bird’s-
eye view of the significant contributions of Kerala savants to mathe-
matics and astronomy,

2. Tycho Brahe’s Reduction to the ecliptic

In astronomical computations, the longitude of a planet is
measured along the ecliptic, while, in fact, its motion takes place
along its own orbit which, generally, deviates slightly from the
ecliptic, For an accurate computation of the planet’s position this
deviation has to be taken into consideration. In the West, it was

1. Vide, for instance, G.R. Kaye: “After the time of Bhfiskara (born A D,
11143, no Indian mathematical work of historical value or interest is known."”
(Indian mathematics, Calcutta, 1915, p. 24) ; A.B. Keith: “After Bh#iskara, no
progress can bz recorded in Indian astronomy.” (A history of Indian literature,
Ozford, 1929, p. 523;: A. A. Macdonell : '“The last eminent Indian astro-
nomet was Bhiskarfc@rya, born in A.D. 1114." (A history of Sanskrit literature,
Indian rep., Delbi, 1962, p. 370); D. Arka Somayaji, “Bhaskara is the last name
in the fizll, Ba:ring a number of commentators, no name wo:thy ¢f mention
is there in India subsequent to Bhaskara." (A critical study of the ancient
Hindu astronomy, Dharwar, 1971, p. 3). Standard historians of mathematics like
Cantor, Cajori and D.,E. Smith, too, hold the same view., The first Western
historian of mathematics to take note of Whish's findings would appear
to be A. P, Juschkewitsche in his Geschichte der Mathematic Mittelalter,
(Leipzig, 15¢4), as pointed out to C. T. Rajagopal by D.T. Whiteside, the
eminent Cambridge authority on Isacc Newton.

2. K.V. darma, ‘Jyesthadeva and his identification as the author of
Yuktibhasa’', Adyar Library Bulletin, 22 (1958) 35-40.



MODERN ANTICIPATIONS 13

the Danish astronomef Tycho Brahe (1546-1601) who enunciated a
formula for this ‘Reduction to the ecliptic’.!

In India. a formula for this Reduction was enunciated, for the
first time, by a contemporary Kerala astronomer Acyuta Pisdrati
(1550-1621), author of Rasigela-sphutaniti (*Computation of True
longitude on the celestial sphere’)® and several otlher _works on
astropomy. Acyuta gives his formula for this reduction in the case
of the moon in his work entitled Sphutanirpaya (‘Cemputation of true
longitudes of planets’) in the following verse :

patonasya vidhos tu kotibhujayor jive mithas tadayet
antyaksepa$arahaiom vadham amum viksepakotya harer |

labdham vyasadaloddhiriam himakare svarnam, vipate vidhau

yugmayugmapadopage ; vidiiur ayam spasto bhagole bhavet |/

‘ ‘Multiply the tabular cosine (kotijya) and sine (bhujajyd) of the
moon-minus-node and the product by the tebular versine (§ara) of
the maximum latitude (antya-ksepa) of the mcon. Divide this by
the tabular cosine of the latitude at the particular moment and the
- quotient is to be divided again by the tabular radius {vyasadala).
The result (will give ths correction for longitude which) is to be
added to or subtracted from the moon’s longitude, as the moon-
minus-node is in an even or an odd quadrant, respectively. The True
Moon measured on the ecliptic is thus got’.’

Acyuta’s formula may be expressed in terms of modern
mathematics thus: °If F is the longitudinal difference between the
ncde and the planet, w the maximum latitude and y the actual latitude,
then, the correction k=sin F. cos F (l—cosw) [cos yt

s —

1. Vide his Astronomiae instauratae Progymnasmata, Vol, I Prague, 1602,

?. K. V. Sarma, The Rasigolasphutiniti, (On the calculation of true
longitude on the celestial sphere and Reduction to the ecliptic in lndian

astcenomy), Critical ed. and Tr. wita Intrcduction, Adyar Library and Res.
Centre, Madras, 1955,

3. This verse has been extracted by the author in his Radigola-sphuganiti,
verse 47, op, c1t., p. 9,

4. For a democnstration of the correctness of this formula in terms of
modern mathematics, see X.V. Sarma, op. cit., Introduction, pp. 10-13,



14 KERALA ASTRONOMY

In another of his works, viz. Uparagakriyakrama (‘Procedures

in the computation eclipses’), Acyuta gives also a simplified version
of the said formula.!

The actual date of composition of the Sphutanirnaya, which is
the earliest work to enunciate the reduction formula, is not known, but
it is definitely before 1583 which is the date of composition of the
Uparagakriyakrama which contains the simplified formula.?

3. Newton-Gauss Interpolation formula

It has been demonstrated in detail that Indian mathematics
employed, in its search for better results, improved rules of
interpolation, by using the second differences and that a particular
case, upto the second order, of the more general Newton-Stirling
interpolation formula was known te Brahmagupta (¢ A.D. 625).3
Following this line of thought, the Kerala astronomer Govindasvmin
(c. 800-8350) has epunciated a set of rules for the computation of
intermediary functional values, different formulae being laid down
for different augmental intervals :

gacchad-yata-gunantaravapur yataisya-disvasanac-
chedabhyasa-samuha-karmukakrti-praptar tribhis taditat |

vedaih sadbhir avaptam antyagunaje ras yoh kramad antyabhe
gantavyahata-vartamina-gunajac cdpaptam  ekadibhih ||

antyad utkramatah kramena visamaih sankhyavisesaih ksiped
bhanktvaptam, yadi maurvikavidhir ayam makhyah kramad vartate
sodhyam vyutkramatas tathakrtaphalam...

(Bhasya on Mahabhaskariya, 4.22)

‘Multiply the difference of the last and the current sine differences
by the two parts of the elemental arc (made by any intermediary
point on it) and divide by the square of the elemental arc and further
multiply by tbree. Now divide the result so obtained by four in

1. For a demonstration of this formula, see ibid., pp. 13-14.
2. On the chronology of these works, see ibid., pp. 14-15,

3. R.C. Gupta, ‘Second order interpolation in Indian mathematics upto
the fifteenth century,’ Indian J1. of Hist. of Sc., 4 (1969) 86-98.

4. Mahabhaskariya of BhaskarBcfrya, with the Bhasya of Govindasvimin
and the super-commentary Stddhantadipika of Paramesdvara, ed. by T.S. Kuppanna
Sastri, Madras, 1957, pp. 201.2,
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ha first rdfi, or by six in the second ras¢i., The final result thus
t bvta;ncd sho’uld be added to the portion of the current sine difference
o

(got by linear proportion).

“In the last (third) ra$i, multiply thc. l-incarly proportional part
of the current sine difference by the remaining pafrt. of the elemental
arc and divide by the elemental arc. Now, d:\{nde the result (so
obtained) by the odd numbers (1, 3, 5 etc,) according as the current
sine difference (is first, second, third etc.), when com'mted from the e?nd
in the reverse order. Add the final result thus obtained t<‘> the portion
of the current sine difference (got by ordinary propc.}rtxon).‘ These
are the rules for computing true sine differences for (direct) sines, In
the case of versed sines, apply the rules in the reverse order and the
above corrections are to be subtracted from the respective differences

(got by linear interpolation)’.!

- Using {he general functional notation and finite difference
operator, the rule for the second rasi may be put as :

I (x+ny=f (2)+nAf (x)—l—f$l {4 f(x)—A f(x—h)}

which is a particular case (up to the second order) of the general
Newton-Gauss interpolation formula.*

4. Taylor series for Sine and Cosine functions

The approximations for sine and cosine functions up to the
second power of small quantities, following from a well-known series

expansion due to the British mathematician Brook Taylor (1685-1731)3
may be expressed as :

TG40 =f (4o D+ L 7 (3) .o
(approximatcly, when 0 is small)

S,

1. For the rationale of this formula, see R.C. Gupta, ib., pp. 91-92.

32‘ ‘E. Whittaker and G. Robinson, Calculus of observations, London, 1965,
p' 70

3. W.W.R, Ball, A short account of the history of mathematics, Dover

Ieprint, New York, 1960, pp. 380.81. But see C, B. Boyer, History of
mathematics, Wiley, 1568, p. 422. |
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his appreximation has been anticipated, in fits particular csses,
f (x)=sin x and f (x)=cos x, by more than three hundred years, by
Miadhava of Sangamagrama (¢, 1340-1425)1 in the following verses :

ista-dohkotidhanusoh svasamipasamirite |
jre dve savayave nyasya kuryad uanadhikam dhanuh /!
dvighna-talliptikaptaikasarasailasikhindavah |

nyasydcchedaya ca mithas 1atsamskaravidhitsaya ||

chitvaitam praksipej jahyat taddhanugyadhikonake |
anyasyam atha tam dvighnam tatha ’syam iti samskrtih |

iti te krtasamskare svagunau dhanusas tayoh [[?

‘Placing the (sine and cosine) chords nearest to the arc whose
sine and cosine chords are required, get the arc difference to be
subtracted or added. For making the correction, 13,751 should be
divided by twice the arc difference in minutes and the quotient is to
be placed as the divisor. Divide the one, (say sine), by this (divisor)
and add to or subtract from the other (i.e., cosine), according as the
arc difference is to be added or subtracted, Dcuble this (result) and
do as tefore (i. e., divide by the divisor), Add or subtract the result
(so obtained) to or from the first sine or cosine to get the desired sine
or cosine chords’.?

5, Newton’s Power series for the Sine and Cosine

In Western mathematics, Newton (1642-1727) is credited with

1. On Madhava, his date and works, see K. V. Sarma, Introduction to his
edition of the Venvaroha of Sangamagrama Madhava, (Sanskrit College
Trippunithura, Kerala, i965), and his paper on ‘The date of Msadhava, a
little-known Indian astronomer Quarterly JI. of the Mythic Soc., 49
(1358) 183-85,

2. Quoted by Nilakantha Somay&jin in his commentary on the Aryabhatiya
Ganita., 12, (edn. Trivandrum, 1930, pp. 54-55), with the prefatory statement :
tatraha Madhavah.

3, For this translation and its rationale in terms of modern mathematics,
see R.C. Gupta, ‘Second order of interpolation in Indian mathematics up to
the fifteenth century', Indian Jl. of Hist. of c., 4 (1969) 92.94. For a traditional
elucidation, see commentary by Sankara Varivar on Nilakantha's Tantra-
sangraha, 11, 10-13 (edn. Trivandrum, 1953, pp. 19-20) and Yuktibhasa, op, cit.,
pp. 168.71.
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con. i 1 he sine and cosine power series,
the enunciation, in about 1670,! of t

which might be stated as :

3 xﬁ

e X ——.
sin x ==X 3!+ 5T

cosx=l—mg T T

These fermulae are implied in the following verses of Madhava,
depicting the derivation of the series of sine and tabular versine

(Sara) values of the arc correct to 1/3600 of a degree :

nihatya capavargena capam tattatphalani ca |
haret samulayugvargais rrijyavargahataih kramat ||
capam phalani cadhodho nyasyoparyupari tyajet |
jivaptyai, sangraho ’syaiva vidvan-ityadina kriah ||
nihatya capavargena rupam tattatphalani ca |
hared vimalayugvargais trijyavargahataih kramat ||
kintu vyasadalenaiva dvighnendadyam vibhajyatam |
phalany adhodhah kramaso nyasyoparyupari tyajet |/

Sarapiyai, sangraho ’syaiva stenasiri-tyading kriah |

‘Multiply repeatedly the arc by its square and divide by the
square of the even numbers (2, 4 etc.) increased by that number and
then multiplied by the square of the radius. Place the arc and the
results (of the above operation) one below the other and subtract
each from what is above it. (This is the method) to derive the arcs,
which are collected (and stated, in order, in the mnemonic verse)

beginning with the expression vidvan (i.e., 0° 0’ 0" 44" stated in the
katapayadi notation),

‘Multiply repeatedly the unit measurement, (which is the radius),
by the square of the arc and divide by the square of the even numbers

1, Moritz Cantor
Vol, 111, cited by C T.
sine and cosine Power
Bengal, (Science),

+ Vorlesungen uber Geschichte der Mathematik, 2nd edn.,
Rajagopal and A. Venkataraman in their paper on ‘“The
series in Hindu mathematics’, JI. of the Royal As, Soc. of
15 (1949) 1-13, in. on p. 1.

Ker. Astr, 3
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(2, 4 etc.) decreased by that number and then multiplied by the square of
the radius ; the first is, however, to be divided by twice the radius.
Place the results one below the other and subtract each from the one
above it. (This is the method) to derive the $ara-s (tabular versines of
the arc) which are collected (and stated, in order in the mnemonic
verse) beginning with the expression stenu (i.e., 0°C" 0" 6"}

These verses, taken with certain siatements occurring in the
Yuktibhasa (pp. 183-90) ard in the Karancpaddkari (1V. 12-13) lead
one directly to Newton’s sine and cosine formulae, Though positive
proofs are still wanting about the authorship of the above verses which
explain the derivation of the sine and $ara values enumerated inthe
mnemonical verses beginning with vidvan and stena which are
definitely known to be composed by Madhava, it is very likely that he
himself is the author of these verses also.? But whatever that be,
since he he has derived the values vidvan etc,, it but logical to presume
that he knew also the method therefor.

6. Infinite G.P. Convergent series

The credit for enunciating in India, for tie first time, a formula
for the sum of an infinite convergent geometrical progression, goes

1. For an exposition of th2se verses and a demonstration of the procedure
described, see Yuktibhasa, op. cit., Notes on pp. 183-93. See also Karana-
paddhati, ed. with com. in Malayalam by P. K Koru. (Cherp, Kerala, 1953),
pp: 169-207. For a detailed exposition of the rationale of the method, see C.T.
Rajagopal and A. Venkatarzman, ibid. : T.A. Saraswathi, ‘Development of
mathematical ideas in India’, Indian Jl. of Hist of Sc., 4 (i969) 75-76.

2. While quoting these verses in their Notes the editors of Yuktibhasa
give the source as Tantrasangraha, but without any further reference (see ep, cit..
p. 190), and cther scholars have followed this lead (see,eg.,C.T. Rajagopal,
ib,, p. ¢). But these verses, as also several others similarly quoted by the
editors of the Yuktibhasa, do not occur in the Tantrasangraha (vide edn. of
the work, Trivandrum, 1958). T. A. Saraswathi says that “the Tantrasangraha
published from the Trivandrum University (sic) seems to contain one part only of
the text. The editors of the Y ubtibhasa bhad access tothe complete MS. in the
Trippunithura Skt, College Libraty, L am informed.” (Fn. 3 on p 23t of :he Bul.
of the National Inst. of Sc., No. 51 (1962). This information is not likely to be
correct. The Trivandrum edition of Tantrasangraha 1is, in fact, complete in

" itself. The second part of the Trippunithura M3, is likely to be another
astronomical work written in continuation of Tantrasaigraha.
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to Nilakantha Somaydjl (bor.n' 1444). This he g?v?s in his
gryabha_ti}'a'Bhflé‘J’a, while explaining the process of denw‘ng the ej\rc
of a circie in 1erms of the chord by means ofacomputat'lon which
involves the summing up of an infinite convergent G.P. se.rleSE evam
yas t”;yah.i.;wda-pararm:bhagﬁ-paramparaya anantiya a'p: samyogah,
tasya anantandm api kalpyamanasya yogasya adyavayavinah paraspar-
amsacchedad el chedimincadbyem  sarvatrapi  saminam - eva.
(Bhasya on Arvabhativa, Ganita. 17, edn,, Trivandrum, 1230, p. 109).
“Thus the sum of an infinite series, whose later terms (afrer the first)
are got by diminishing the preccding one by the same divisor, is always
equal to the first tevm divided by one less than the common mutual
divisor.’

In continuation of this enunciation, Nilakantba elaborately
demonstrates it for a fisite G.P. and also for an infinite decreasing
G.P2

7. Lhuiler’s formula for the Circum-radius of a Cyclic quadrilateral

In Westein mathematics, the eighteenth century mathematician
Lhuiler is credited with the discovery, in 1782, of an expression for
the circum-radius of & cyclic quadrilateral,® In India, however, we
find the same formula enunciated by the Kerala astronomer Parame§vara

(c. 1360-1455) in his commentary oa the Lildvati, in the following
lines :

dognam dvayor dvayor ghdtayutanam tisynam vadhat |
ekaikonetarattraikyam catuskavdhabhajitam ||

labdhamilena vadvyttam viskambhardhena nirmitam [
sarvam caturbhujaksetram tasminn evavatisthate ||

‘The three sums of the products of the sides, taken two at a time,
are tc? be multiptied together and dividsd by the product of the sums of
the sides taken three at a time and dimirished by the fourth, If a circle

is dru.w L with the square root of this quantity as radius, the whole
quadrilaters] w:ll be situated inside it.’

1. On this, ge.
in India’ D1g, se= ‘The development of mathematical series
ndia’, Bul, Nationgl Inst

Pp. 323.2¢. of Sc. of India, No.21 (1962) 320 ff.; see esp.

T.C. Saraswathi,

2, Vide T QL .
tde DLE, smith, History of mathematics, Boston, 1925, vol, I1, p. 286,
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Thus, if a, b, ¢, d are the sides and r the circum-radius,

r=,\/ (ab+cd) (ac+bd) (ad+bc)
(@a+b+c—d)b+c+d—a)c+d+a—b)d+a+b—c)

The rationale of this formula has been given in the 16th cent, Kerala
commentary KriyaRramakari on the Lilavari}

8. Gregory and Leibnitz’s Series for the Inverse tangent

The power series for arc tan x, which was enunciated for the first
time in the United Kingdom in 1671 by the Scottish mathematician
James Gregory (1638-75) and in Europe in 1673 by the German mathe-
matician and philosopher Gottfried Wilhelm Leibnitz (1646-1716), in
the case of x==1, may be stated as follows : In the case of infinite
series of powers of x representing an arc of a circle of unit radius
which subtends at the centre of the circle an angle whose tangent (x)
does not exceed unity,

arc tan x=x-—-_§: +—§s_—...(/x/< 1)

In India, this series was enunciated by Madhava of Sahgamagrima
(1350-1410), nearly three centuries before it was discovered in the
West, Maiadhava’s enunciation of the formula is contained in the

following lines :
istajya-trijyayor ghatat kotyaptam prathamam phalam |
jyavargam gunakam krivt kotivargam ca harakam ||

prathamadiphalebhyo *tha neya phalakrtir muhuh |
eka-tryady-ojasankhyabhir bhaktesv etesy anukramat [

ojanam samyutes tyakiva yugmayogam dhanur bhavet |
doh-kotyor alpam eveha kalpaniyam iha smrtam |
labdhinam avasanam syan na tathapi muhuh krte [[?

‘Obtain first the result of multiplying the jya (of a given dhanus) by
the trijya and dividing the product by the koti (of the dhanus). Multiply

1. On this, see T.A. Saraswathi, ‘Development of mathematical ideas in
India’, Indian J1. of. His. of Sc., 4 (1969) 69.

2. Quoted in the Keralite commentary Kriyakramakari on Bhaiskara II's
Lilavati, kainda 2, vrtta. 40, These lines have been quoted alsc in the Yuktibhasa
where a geometrical proof for it is given (see op. cit., pp. 113-16).
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this result by the square of the jya and divide the square by the kotl.
Thus we obtain a second result, (as also) a sequence of the further
results by repeatedly multiplying by the square of the jya and dividing
by the square of the koti. Divide the terms of the sequence in order
by the odd numbers 1, 3, 5, etc. ; after this, add all the odd terms
and subtract from them all the even terms (without disturbing the
order of the terms), Thus is obtained the dhanus whose two elements
are the given jya. and koti. Here, the smaller of the two elements
should be taken as the jya, since, otherwise, the series obtained will be

non-finite (in value).
According to the above formula, if R is the radius and s and ¢ are
the sine and cosine chords of the arc,
the arc= SR‘— sR_¢ SR i
¢ 3¢ ‘¢t 5¢ c*

which is Gregory’s general series for arc tan x.

LK N ]

Mudhava’s verses quoted above have been extracted and explained
In the Yuktibhasa (op. cit.. pp. 113-16) in the traditional manner and
‘fts rationale demonstrated in terms of modern mathematics by C.T.
Rajagopal and others.! Rajagopal’s demonstration throws up, inter
alia, certain interesting anticipations of Kerala mathematicians. Thus,
after giving the peneral derivation of Gregory’s series according to the
YuRtibhasa and offering the proof therefor, Rajagopal observes:
“There are two points which emerge from a consideration of the
mathematical text presented here. In the first place, it employs
relations which would appear not to have been noticed in Europe
before modern forerunners and followers of the calculus started
investigations......... Our second point is not unconnected with the first,
The Hindu mathematicians achieved, without the aid of calculus,
results which, for us, are treated best by means of the calculus.?

e —————.

1. C.T. Rajagopal and T V. Vedamurthi Aiyar, ‘On the Hindu proof of
‘;’SEOW'S seties’, Scrinta Math., 17 (1951) 65-74 ; K. Mukunda Marar and C.T.
(Na'lsa)goglz;l. On the quadrature of the circle’, Jl. of the Bombay Br. of the RAS
bid D (1944) 65-82; T.A. Saraswathi, ‘Development of mathematical series',

-» Development of mathematical ideas’, ibid-

2,

ceric This is not to gainsay the fact that (i) the Hindus' proof of Gregory's
§ s

—r hows their awareness of the principle of integration as we ordinarily
Nowadays; (ii) their intuitive perception of small quantities like

O (1/np .
( In )5 RM—>oc, in a certain role, is, as good as a practical knowledge of
differentiation *
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But the Europeans who first explored the possibilities of expressing
a circular arc as an infinite series, deliberately employed the calculus
to guide them.”!

9. Leibnitz’s Power series for =

‘In modern mathematics, the irrationality of = was demonstrated,
for the first time, by Lambert in a paper read before the Berlin
Academy in 1671. Itis interesting to note that nearly two centuries
prior to this, Nilakantha Somayaji (1444-1545) stressed the same
point when he expressed himself in his Bhasya on the Aryabhatiya
(Ganita. 10) to the effect that it is impossible to measure the circums-
ference of a circle in exact terms of its diameter ; it could be stated
only approximately (2sanna)? What is more significant, is that, after
elaborating the point further, he quotes anonymously an earlier
authority to the same effect, which means that the fact had long been
recognised in Indian mathematics.®

The enunciation of the value of = as a particular case of the

power series for arc tan x, due to Leibnitz (1673), is explicitly :
nfd=1—1[341]5~—......

This formula has been anticipated by Madhava of Safigamagrama
(1350-1410) while enunciating a method for the circumference of a
circle, in the following verse :

vyaise varidhi-nihate rupahrte vyasasagarabhihate |
tri-¢aradi-visamasankhya-bhaktam rnam svam prthak kramat kuryat | J4
‘Multiply the diameter by 4.  Subtract from it and add to it alternately

the quotients obtained by dividing four times the diameter to the odd
integers 3, 5 etc.’

1. Mukunda Marar and Rajagopal, ‘On the Hindu quadrature of the circle’,
ibid., p. 68.

2. Cf.: asannah... kutah punah v3stavim sankhyam utsyjya asannd eva thokta ?
ucvate. tasya vaktum asakyatvat, kuich? yena manena miyamdno yyaso
niravayavah syat, tenaiva manena miyamanah paridhih punah savayava eva

syat ... niravayavatvam tu na labhyam iti bhavah. (edn, Trivandrum 1930, Pt. I,
D, 41-42),

3. Cf.: ata evahuh—"kytakanityavad vyasa-paridhi niyatau mithah”, ibid.,
p. 42,

4. Quoted in the Kriyahranmakari (op. cit.), with the prefatory statement ;
atraha Madhavah ... ito'pi laghutaraparidhydnayanopayah amunaivoktam, yathda,
com. on Lilavati, kinda 2, vrtta., 40),
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For a circumference C of a circle of diameter D, this gives the
formula : C, (i.e, 7 D)=4D—4D[3+4D/[5......or m/4=1+1/3=1/5.....1

10. Approximations to the value of =

Continuing his enunciation of the circumference of a circle, as
given above, Madhava goes on to give a rational approximation to its

value and, through it, the value of ;

yatsankhyay 'tra harane krte nivrita hrtis tu jamitaya |
tasya urdhvagatayads samasankhya taddalam guno 'nte syat [/

tadvargai rapahato haro vyasabdhighatatah pragvat |
tasyam aptam svamrne krte dhane Sodhana#i ca karaniyam |
saksmah paridhih sa syat bahukrtvo haranato ’tisnksmas ca |/

‘Let the process stop at a certain stage, giving riss to a “finite
sum’. Multiply four times the diameter by haif the even integer
subsequent to the last odd integer used as divisor and then divide by
the square of the integer increased by unity. The result is the
correction to be added to or subtracted from our ‘finite sum’, the
choice of addition or subtraction depending on the sign of ths last
term in the sum. The final result is the circumference determined
more accurately than (that obtained) by taking a large number of
terms, i.e., terms going beyond the stage at which we stopped.’

The formula enunciated here, which gives the value of wto an
advanced degree of accuracy, may be expressed thus :

C..—:_403 1- 341 4 J_¢ “Q'+L”Lwhere n is large.2

n (n-H1y+1
e — =] 4.3 31 ___ —
a bbi— 1 —F Ry

[ S

1. Fora detailed demonstration, see
C.T. ‘Rajagopal, T.

Krzranapaddhati.

: Yuhtibhasa, on. cir,, pp. 99, 11713 ;
V. Vedamurth. Aiyar, K. Mukunda Marar. ibid., P.K, Koru,
0p. cit., pp. 166.67.

2. . . .
For a demonstration of this formula; see Rajagopul, Vedamurthi Aiyar,
Mukunda Marar, ib

120.23. id., P.X Koru, ibid., pp. 176-79 ; Yuktibhasa, op. cit., pp,
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A still better correction is suggested by Madhava in the
following lines ¢ -
asmat saksmataro *nyo vilikhyate kaicanapi samskarah |
ante samasankhyadalavargas saiko gunah, sa evd punah il
yugagunito rapayutah samasankhyadalahato bhaved harah |
tri$aradivisamasankhyaharanat param etad eva va karyam ||
‘A correction still more precise is being stated here. The multi-
plier is the square of half the even integer (next greater than the last
odd-interger divisor) increased by unity,  This multiplier multiplied
by 4, then increased by unity, and then multiplied by half the even-
integer (already defined), is the divisor. This correction may be applied

after the division by the odd integers 3, 5 etc. (indicated in the
previous method and the same method of calculation followed).’

This formula which gives a still more accurate value of » may

| (n 1 )2+1

c—f.m{h—Hi‘—-wi %*:F [( " 21 2)2. 4+1](n-;1 )
(35)+!

[(n-lz-l.)g.“_]]( n-|2—l )

be expressd thus :

T 1
—_— =1 ..+ —F
2 1+3 * "

where n is odd and large.?

Elsewhere, Madhava gives a series for 7, different from that of
Leibnitz. Thus, in continuation of the formula for the inverse tangent
given in the lines istajyatrijyayor ghatdt etc. (see above, p. 20), he
mentions the measure of the circumference when the arc calculated is
half of circumference, thus :

vyasavargad ravihatat padam syat prathamam phalam |

tadaditas trisonkhyaptam phalam syad uttarottaram /]

——

Quoted in the Kripakramakari on Lilavati, kanda 2, vrtta,, 40.

1.

2. For its demonstration, see Yuktibhaga, op. cit., pp. 136-39,
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masankhyabhir hrtesy esu yathakramam |

rapddyayug .
yutes tyaktva samam hi paridhir bhavet ||

vigamanam

«Maultiply the square of the diameter by 12 ‘a?n'd extract the square

ot of the product. That is the first term. D.1v1de tbt-: first term by
e obtai the second, the second by 3 to obtain the third and so on
2 s t further terms. Divide the terms, in order, by the
vy thusbegrzl (3, 5) etc. Add the odd-order terms to and subtract
fl:lcd e:::order’tem;s from the preceding.  The result will give the

circumference’.!

The above epunciation gives the following formula for the

circumference :

JiIDv | /12DF _ y/12D°

eee

re (i.e, # D)=/ 12D% -

. 1 1 1
=¢12D{1 5 s
1 1 1
= 12 l‘-"'"-——————— - LX X ]
T=v { 3 T 7w

It would be interesting to derive from Madhava’s above-noted

| value of =, the following relation between circumference and diameter
. given by him :

vibudha-netra-gaj-ahi-hutasana-
tri-guna-veda-bha-varana-bahavah |

nava-nikharva-mite vrtivistare

paridhi-manam idam jagadur budhah |[®

M r—————

1, e ,
For an exposition and demonstration of these verses, see Yuktibhasa,

o:'), cit., pp 114-19; Marar and Rajagopal, ‘On the Hindu quadrature of the
circle’, ibid., p. 78 : P.K. Koru, op. cit., pp. 263-6.

2, Quotad in the Kriyakramakari, oh Lilavati, kanda 2, vrtta. 40, with the

Prefato ; . -
Iy stutement: Madhavacaryah punah ato ‘vyasannatamam paridhimanam
uktavan.

- Ker. Astr, 4
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That is, for a diameter of 91, the circumference is 28,27,43,33,88,233.
The value of = from this, correct to eleven decimal places, would be
3.14159265359, which accords closely with the modern value of =,
which is 3.14159265.

Using the above relationship of the diameter and the circum-
ference, Madhava has derived the 24 mahajyas (accurate sign-chords)
which he has depicted in the mnemonic beginning with srestham
nama varisthanam (0°—224'—50"—22"')1 1t has also been veritied that
the valae of the radian assumed by Madhava in this evaluation
corresponds to 3437 —44”—48'—22"', which is remarkably close to
its modern approximation, viz., 3437".74577078=3437'—44'—45’
—22",49.2

Rajagopal and his colleagues have drawn attention to and
demonstrated, in terms of modern mathematics, a large pumber of
further rational approximations of = which are found enunciated
in later works like Yuktibhasa, Karanapaddhgti and Sadratnamala,®
for most of which there are no exact parallels in Western mathematics.
These approximations had been obtained by the application of various
corrections, presumably in the form of continued fractions, on partial
sums of the infinite series for w/4. Indeed, the enunciation of these
corrections speaks volumes about the fervour with which mediaeval
mathematicians of Kerala attacked this fascinating problem and the
success they achieved therein, some of their enunciations anticipating

1. For the full enunciation  of these maha-jyds of Madhava and their
rationale, see Y uktibhasa, op. cit., pp 195-98: P.K. Koz, op, cit., pp. 203-6,

2. See Rajagopal and Venkataraman, ‘The sine and cosine power series in
Hindu mathematics’, JRASB (Sc.), 15 (1949) 3.

3 Tor these enunciations and their traditicnal expositions, see : Nilakantha
Somay&ji's Bhasya on the Aryabhatiya, Ganita, 9-12 (edn,, Trivandrum, 1930),
Pt. 1. pp 40 ff.; Yuktibhasa. op. cit., pp. 72-142; Kriyakramakari on the Lilavati 2,
vrtta. 40, and Karanapaddhati, op. cit., pp. 173-83. And, fcr their demonstration
in modern terms see, Marar and Rajagopal and Vedamurthi Aiyar, ‘On the
Hindu proof of Gregory's series’, Scr. Math. 17 (1551) 65-74 ; Rajagopal and
Vedamurthi Aiyar, ‘A Hindu approximation to Pi’, Scr. Mash. 18 (1952)
25.31: T.A. Saraswathi, ‘The development of mathematical series in India’,
Bul, of the National Inst. of Sc. of India, 21 (1962) 320-43.
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Western discoveries by nearly three hundred years. The same may
pe said with justification in the case of certain of their other nfath.e-
matical contributions also. A competent and critical analysis, IR
terms of modern mathematics, of the writings of Kerala astrom?mers
and mathematicians, the bulk of which still remains locked up in old
pa]mlcaf maruscripts. written in Malayalam script, may be erfpected to
throw welcome licht on the advances, down the centuries, made
in these disciplines, in one remote corner of India.

11. Some other highlights
| In the context of the continuity of astronomical tradition and
the diligence with which its traditional exponents cultivated its study,
a reference might be made here to certain other significant metbo-
dologies evolved and discoveries made by Kerala astronomers and
_methematicians. The introduction of the Katapayddi notation and
the expression of astronomical data through muemonic tables and
verses composed with the help of this facile notation has already
. been noticed. In his table of sine-differences enumerated in the verse
- makhi-bhakhi etc. ( Gitika 10), Aryabhata gives only their rough
“values, correct to the minute. It is interesting that Govindasvamin
{c. 800-50) developed their evaluation still more accurately, correct
" up to the second order of sexagesimal fractions, viz., seconds and
thirds, which he gives in his Bhasya on Makabhaskariya. He also
. gives a formula for the derivation of the value of the last sine-difference
when the tabular interval is halved. Developing the topic further, he
enunciates also a rule for computing, from a given last sine-difference,
the other sine-differsnces lying bstween 60° and 90°1

'I_‘hc Kuttakara-gonita, which is a complex type of calculation
ifrrl:cot]i‘::g ﬂae Rule of three, Indeterminate equations and Continued
It enab}zzl t;s becn devel(’pe(_i by Kerala mathematicians to a high degree.
of higher & ]combto solve va'rxous problems which rcquir? the application
Cc. 835900 .);,e ra acco'rdlng. to modern working, Sankaranarayana
(op. cit quotes 1n hfs c-ommcntary on the Lahgubhiskariya

., DP. 95-97) a short disquisition on the subject from Govindakrii,

1. See ) i
Mahabhaskariya with GovindasvBmin's Bhasya, op. cit., ch 4, verse 22,
PP. 201-2, N
. For an exposition of these rules and their rationale, see R.C. Gupta,
racticn L. '
al parts of Aryabhata's sines and certain rules found in GovindasvBmin's

Bhagsy
#¥a on the Mahal haskarisa’s Indian JI. Hist. of Sc. 6 (1971) 51-59.
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a lost work of Govindasvamin, while the later works like Yuktibhasa
(16th cent.) give full accounts of the processes involved.! Nilakantha
Somayaji ( 1444-1545) has made significant contributions including
logical proofs and demonstrations to geometrical theorems, a formula
for the sum of an infinite, geometrically progressing convergent series,
and the rationale for the formula for the sum of a geometrical pro-
gression, He has also offered geometrical demonstrations for the sum
of an arithmetic progression, the sum of triangular numbers and the
sums of squares and cubes of natural numbers.?

—————————,

1. See Yuktibhapa, ¢h. 5, op, cit.,, pp.54-71. For the rationale of Kuttakara
according to modern mathematical terms, see ibid., Appendix, pp. xli-lxi.

2. See for details, T.C. Saraswathi, ‘The development of mathematical series
in India', Bul. of the National Sciences of India, No. 21 (1962) 320-43.
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MAJOR TRENDS IN KERALA LITERATURE ON JYOTISA

1. Introductory
The extensive Jyotisa literature produced in Kerala, in Sanskrit
and in Malayalam which latter is the regional language of that part
of India, comprise of original treatises, expositions of individual topics,
commentaries on standard texts, computation manuals, minor tracts,
single verses and manifold mnemonic tables, A good part of the
shorter tracts and other secondary literature which do not form full-
fledged works have been lost and what survives of this type of
- literature has to be looked for in flyleaves and end folios of codices
" where such matter is generally found written. The definitive literature,
- too, has been affected considerably. The full extent of the literary
- activity in this line is not adequately known, much less recognised,
“for reasons of subject, script and language, as already mentioned above,
‘However, an idea of this literary production can be judged from an
. examination of the surviving literature, a documented Inventory of
*‘which is given in Ch. V, below, While the said Inventory is expected to
- Include references 10 all the works and authors that could be identified,
8pecial notice might be taken here of the broad trends and nature of
the literature produced in this discipline. In order that the picture of
Kerala Jyotisa might be presented in full, the accounts given below and
in the Inventory are not restricted to astronomy and mathematics

but made (o include also the ¢llied discipline of astrology which
constitutes the applied aspect of astronomy.

2. The Classical texts

Some scholarg have claimed that the foremost Indian astronomer,
Aryabha;a hailed from Kerala. Though this claim yet remains to be
fully authenticated, the popularity of the Aryabhatiya among Kerala
astronomers i apparent from the profusion of manuscripts of that work
recorded from thag region! and from as may as eleven commentaries on it,

1. Out of

Catalogys Catalog
1966), p. 171, as

about 120 manuscripts of erabhaﬁya recorded in the New

orum of Sanskrit and allied works and authors, Vol, 11, (Madras,
many as 85 are from Kerala,

29
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in Sanskrit and Malayalam, written by Kerala astronomers, the more
important among them being those composed by Siiryadeva Yajvan,
Parameévara of Vata$reni, Nilakantha Somavdii and Ghatigopa.l
Two other texts of the Arvabhatan school, viz., the Laghubhiiskariya
and the Mahiibhask-riva of Bhaskara 1,—of which, too, most of the
recorded manuscripts are from Kerala,—have been equally popular in
the land. There are seven Keralite commentaries on the former by
éaﬂkaranﬁrﬁyanm Sturyadeva Yajvan, Parameévara. Udayadivakara and
Sahkaran Namputiri, the other two being anonymous. The latter work
has five Keralite commentaries, including those by Govirdasvamin,
Suryadeva Yajvan and Paramesvera. The otler classical astronomical
texts which were popular ir Kerala are the Suryasiddhanta which claims
three Kerzla commentaries and the Laghumanasa of Mufiijala, which
has at least four Kerala commentaries The most popular textbook on
mathematics has been the Lilagvati of Bhaskara II, for which at least
a dozen commentaries, besides several other works based on it, have
been recorded. On the side of horary astrology, the Hora or Brhajjataka
of Ve:ahamihira enjoyed the greatest popularity; about twenty
commentaries on this work by Kerala authors have been identified ;
besides these, there are also several abridgements and adaptations of
that work. On the same subject, the Jatakakarmapaddhati of Sripati,
wkich has three Kerala commentaries, had also been quite popular and
in Prasna (Astrolegical query), the pride of place goes to
Prasnasatparicasika of Prthuyaas with two Kerala commentaries.

3. Major works on Astronomy

A number of coriginal texts on astronomy, dealing with all the
main topics of the subject, have been identified. Some of them, like
the Tantrasangraha of Nilakantha Somayaji, the Tantrasara of
Narayana of Peruvanam and the Sadratnamala of éahkara-Varman,
belong to the tantra type of treatises which take the beginning of the
Kali ern as the starting point for astronomical calculations, The bulk
of the originzl texts are, however, of the karana type, which use soms
cenvenient contemporary date as the epoch for starting the calculations
enunciated bv them, a device made use of by modern astronomers as
well, This date is so chosen that at the ending moment of that day, i.e.,
at the beginning (sunrise) of the next day, the Mean Moon (Candra) and

———

1. For details of the manuscripts, editions, extent, dates, and available
studies on these works, as also of other works that might be referred to here-in=
below, see Ch. V, ‘Inventory of Kerala Jyotiga’.
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Mean Higher Apsis (Candra-tuiga) are in the same position or Very
close to each other, so that the days accumulated up 'to :thc’epoch
(called Khanda-dina or sodhya-dina) COU‘.d. be subtracted in ‘full fron;
the current Kali-dina, 'The Mzan positions of the ‘Sun, Moon an
other planets etc. &re determined very accur-ately for the epoch and' the

dines so obtained are used as zero corrections for all comput.atlons
o f date after the epoch. The Grahacaranibandhana of Haridatta,
i‘:z baasli’c karana text of the Parahita system of astroncmy, hmjvever,
uses the date of Aryabhata as the epoch, and the Drggar_:lzta of
parameévara, the basic text of the Drk system, uses the begmnmg .of
Kali as its epoch. Qome of the karana texts are mere manuals givicg
rules for specific astronomical computations while some others like the
Karanapaddhati of Putumana Somayaji, are fullfledged textboc!.e:s on the
subject. Among the more imporiant karana texts may be mentiqned the
. Karanamria of Citrabh@nu, which has th’rec commentaries, the
Kara;_msﬁra with commentary, possibly, by Sanxara varniyat pupil of
Nilakantha Somayaji, the aponymous Karapadarpapa Wwith three
commentarics, Karapottama of Acyuta Pisarati with two commentaries,
of which one is by the author himself, the anynomous Laghukalarpana
and the anonymous Kriyasangraha, with two tommentaries. Several
" karapa texts have the generic title Paficabodna. A dozen of them
have been identified in the lnventory in Ca. V. Most of these are
anonymous and only three of the authors could be identified, they veing
Putumana Somaydji, Purusottaina and Krspadasa, These Paiicabodha-s
have been very popular with the almanac-makers of the iand and some
of these claim commentaries, as well, The Paiicabodha-s generaily contain
five sections dealing with five astronomical topics. The topics treated
are not, however, aiways the same. Thus Paticabodka 1V deals with
Vyatipa:a, Chaya, Maudhya, Sragonnati and Granana, while Paticabodha
Il deals with fithi, Vara, Naksaira, Yoga and Karana. Again, to deal
with only five topics is not always the ruie in these works ; the number
of topics dealt with could be less or more than five. For instance,
Paficabodha V or Paficabodhasataka of Purusottama, in 100 verses,
contains only two sectious and Paficabodha L is in ten sections, dealing
with 4 1thinaksatra, Vakyadiruva, Madihyama Sphutakriya, Latavaidhrta,
Maudhya, suryacchaya, somacchaya, Srhgonnati and Graianpa. The
Bhadradipaganita of Itakramaficeri Namputiri and tie Gapiiasdra Or
Paficabodha-gapitasara of Sankaran Nampiitiri of Muinisa:sangalam,
both in Mzlayalam, are also comprehensive treatises.

Several of the karana texts are, smaller tracts devoted only to
one or two topics like Vyatipaia, vaidhria, Chaya, Sphutasriya ctc,
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Three amongst these topics, viz.,, Computation of the Moon, Eclipses
and Shadow, seem to have attracted the specigl attention of Kerala
astronomers and, as a result, a large number of manuals have
come to be composed on these subjects. Some of these works attempt
also at evolving new processes, offer new corrections and give the
rationale to the procedures adopted. Most of these texis are
anonymous,

4, Computation of the Moon

The fact that the calculation of the exact tizhi (lunar day) and
naksatra (asterism) at any moment depends upon the accurate knowledge
of the Moon at that moment and that all the three, viz., tithi,
naksatra and Moon, are always required for the fixation of social and
religious functions, in horoscopy and in the computation of eclipses
etc. is enough to explain the importance given to the computation of
the Moon.  But the fast motion of the Moon, amounting to about
13 degrees a day, and the consequent quick change of its position during
the s .me day, required special consideration in its correct computation.
A good number of karana texts, devoted specifically for the computation
of the Moon, have, therefore, been composed. Among the more
importast manuals of this type may be mentioned the Candra-
sphutaganita with a commentary and a super-commentary, Candra-
saryasphuta-ganita, Candra-sphutadi-ganita, S‘uddha-candra-kriya-ganita,
Srdddha-candradi-ganita and Suksmu-candra-sphutadi-ganita,  all
anonymous.

5. Venvaroha method for the Moon

Of all heavenly bodies, the Moon has not only the fastest motion,
but also the maximum changes in its velccity during the same day.
Therefore, the computation of the Moon at some intermediate time
during the day, if calculated on the basis of its true position and
motion at suarise or at sunset, as advocated in some Paficabodha texts,
would not give accurate results. An ingenious but facile method
for the determination of the Moon at any time of the day with high
accuracy has been evolved by the 14th century Kerala astronomer
Madhava of Sangamagrama in his work called Venvaroha. He has
also enunciaied accurai¢ moon-mmemonics, correct to the seconds, for
being used in the Vepvaroha method. His method seems to have
caught the fancy also of later astronomers who have extended the
method further to yield still more accurate results. At least four
later works of this genre bave been identified, they being Candra-
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arohakriya and Drg- Venpvarohakriya, all anonymous, and

apti, Vew -
sphutap f Putumana Somay&jl,

Venvarohastaka ©

.6‘ Computation of Eclipses ' o
A branch of astronomy in which intense mvesngai.wns have . been
by Kerala astronomers refers to the computatlgn of eclipses.
madehY omenon of eclipses seems to have been exploiied fully towards
.zrfigi:: C;lculations, instituting  corrections and devising’nsw
methodologies. A reference has already been maq? to Paramesvara
of Drgganita fame who bas recorded the detaiis about a large
pumber of eclipses wbich he had computed, observ_ed and also
suggested corrections 1o correlate the two, ‘ Apz'lrt from minor tracts, a
pumber cof texts on the computation of eclipses have come down.
These include three works having the common title Upardgakriya-
krama, the ficst by Narayana with commeniary, the second by Acyuta
Pigarati, with two commentaries, and a third, which is anonymous ; an
Uparagavirsati with commentary ; Grahanam:ndana ty Paramegvara ;
- ‘six aponymous werks with the common title Grahana-gagita; four
rorks under the tiile Grakcpastaka, one of which is by Paramesvara and
 others anonymous; and the three works, Candra-graha-ganita,
fj'ra-‘suryoparaga-ganim and Surya-grahanae-ganita, all anopymous.
- works on eclipses which deserve special mention are the
" Grahana-nyaya-dipika of Paramesvara, which discusses the rationale
- of  eclipse-computation, and tke Grahana-granthadi by Nilakantha
 Somayaji, which is an elaborate disquisition on the tradition and
rationale of computing eclipses etc.

1 Computation of the Shadow

Computation of the positions of the Sun and the Mooun from the
Shadow (Chaya) caused by them and vice versa had practical utility in
the social and religious life of the peopie of mediaeval times, Besides
calculations made on the basis of the Sanku (gnomon), iatrinsic
calculations involving the Manacchays (Great Shadow or Sine Zenith
distance) and the Mahasanku (Great gnomon or Sine Altitude) had
been developed in this bebalf. Some of the Paficabodhas and oiher
karana tt‘-xts mentioned above have sections devoted to Shadow
computation.  Besides these, several indepeudent works cevoted
lso‘leiy to this subject have also been produced. Among the works of
g:;d::::igr,y— ma{ be mentioned five different works, ali entitied

ya-ganiia, one of these beinglby Parames$vara, avoiher by

K’“ A't!o- 5
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Nilakantha Somay&ji and the others anonymous; two of these works
have also commpentaries. Other works on the subject include the
Chayaganita, Chayagraha-ganita, Chayadiganita and two different
works having the common title Suryacchayadi-ganita.  Acyuta
Pisdrati, too, has written a succinct work on the subject, entitled
Chayastakam,

8. Long-range almanacs

In the matter of preparing annual almanacs, while the general
trend in Kerala, as clsewhere, has been to prepare them for one year
at a time, efforts had been made to prepare long-range almanacs
covering long periods. It has been recorded that Madhava of
Sangamagrama compiled an Aganita-paficdnga® which is, probably, the
same as referred to in the Karanapaddhati (IV. 14, 16, 18) and preserved
in the Kerala University Oriental Research Institute under the title
Aganitagrahacara. Sankaran Nampltiri of Mahisamangalam is
credited with a ‘Register of Muhtirtas’? for 1000 years. The Aganita of
Nalleppalli Subrahmanya Sastri enunciates methods for the facile
computation of the planets for a 1000 years.?

9, Astronomical rationale

An extremely significant class of astronomical treatises from
Kerala refers to disquisitions on the rationale of astronomical formulae
and procedures. Short expositions of this nature occur in comment-
arial literature, especially in the commentarics of Parame$vara,
Nilakantha Somayaji and Nar@iyapa, author of Kriyakramakari on the
Lilavati. Single or groups of verses and short tracts pertaining to the
exposition of specific points or procedures are often found inscribed
on end-leaves of astronomical codices, without indication of source
or author. These go mostly unnoticed or ignored by cataloguers of
manuscripts. It would, indeed, be highly worthwhile to record,
study and analyse these passages with a view to see if some of them
contain anything important. In this connection, the discovery of some
full-fledged treatises devoted to the exposition of astronomical

1. This reference occurs in an astronomical document preserved in the
Oriental Institute, Baroda, Cf. K.V. Sarma, ‘Direct lines of astronomical
tradition in Kerala', Pt. Charudeva Shastri Felicitation Polume, Delhi, 1972,

2. See Ulloor, Kerala Sahitya Charitram, Vol. II, (Trivandrum, 1954),
p. 272,

3. Ref. to by Ulloor, op.cit., Vol, 1V, (Trivandrum, 1557), p. 261.
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theories and pProcesses ought to be highly inte.resting to scholars and
historians of mathematics. These texts, which, g?nera'lly, have the
words yukti or nyaya ‘rationale’ attached to their titles, ex.plain,
intcrpret and discuss the formulae used and procedure’s followed in the
topics which the texts deal with. Among works of t'hls nature: may be
mentioned the Grahana-nyaya-dipika on the com_putatlon of .echpses and
yakyakarana on the formulation of astronomical mnemonics, lnaoth by
Paramesvara of Vataéreni, the Yukti-bhasd and Ganita-yukti-bhasa, the
former and, possibly the latter too, by Jyesthadeva, the Nyaya-raina
by Putumana Somay#ji, the Ganita-yuktayah by an anonymous ‘Bh‘c'"trafl-
vija brahman’ and the Rasigola-sphutaniti on ‘Reduction to the ecliptic’
by Acyuta pisarati. The Sundararaja-prasnottara by Nilakantha
Somayaji, in which he has explained certain astronomical theories
and practices in answer to queries raised by a contemporary astronomert
~ §undararija of the Tamil country, also belongs to this category
of works. It may also be noted that works solely devoted to the
" demonstration of procedures call themselves -kriya or -kriyakrama,
e. g., Sangrahasadhana-‘kriya’ and Uparaga-‘kriyakrama’,

s 10. Practical astronomy

., Astronomy being a practical science, progress in that discipline is
incumbant no less on practical observation than on computational skill.
Several works including the Goladipika 1 of Parame$vara and the Bhadra-
dipa of Itakramaficeri Nampiitiri contain sections on the construction
and use of the armillary sphere, The commentaries of Parame$vara
and Nilakantha Somay#ji carry references to their lifelong astronomical
observations. By far the most interesting treatise in this line is the
Grahapariksakrama of Nilakantha Somay#ji, in about two hundred
verses. There is also a detailed Malayalam commentary on this work,
An equally interesting, though possibly, very late, work is Nazhika-

mar_zi}'m;e yukti, in Malayalam, which is a detailed exposition of the
working of the pendulum clock.

11. Revision of astronomical constants

Sta"edAsthxt;crhc:toe::( earl.icr, the composers of karana texts generally
started with correct?o i cOntmnp‘”’afy.epochs. Sometimes they also
~ tables which they ; ns to the .astror.xomlcal constants, and to the sine
to the enunciatign ngcf’rporated in their works.. A work mainly devoted
Nilakaptha Somayaij C(;}rrec_ted constants is the Siddhantadarpana of
of the planets J, w .erelrlx he has set out the number of revolutions
» and their higher apses, ascending nodes, maximum
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latitudes, velocitles etc., as investigated and verified by him. He has
also written sn elaborate commentary on this work. Some short
tracts call themselves Khandavum dhruvavum and meicy give the
epoch ard the corresponding zero-corrections as Ceie.mined by
their respective astronomer-authors. Then again, there ¢ st a large
number of manuscripts which form collections of sine tables and
mnemonics and are catalogued in libraries under generic titles like
Jydh, Jyotisa-vikyani etc. on account of their not being full-fledged.
and independent works. These collections are potential sources of
additicns and novelties to the well-known mnemeonics and, so, deserve
to be examined from this point of view,

12, Mathematics

The Lilavati of Bhaskara 1I, with more than a dozen Kerala com-
mentaries, has remainzd, as indicated earlier, the most popular textbook
on general mathematics. Ameng indigenous works, some of the astrono-
mical treatises like Yuktibhasd, Bhadradipa etc. deal with general
mathematics in some of their sections. An interesting summary of the
general mathematical processes is contained in an anronymous work
entitled Ekaviméatiprasnakrama. Other works solely devoted to the
treatment of mathematics are Kanakkatikdram, with commentary, two
works having the same title Kanpakkusaram, one in prose and the other
in verse, both with commentaries, Kanakkunai, Kanakkucodyam and
Kanakkusastram, all anonymous.

13. Horary astrology

While the classical texts on Jaraka used in Kerala were the
Brhajjataka of Varghamihira and the Jatakakarmaepaddhaii of Sripati,
the most popular indigenous text on the subject was the Jatakapaddhati
of Parameévara of Vataéreni, which has as many as eight commentaries
and the Jgrekadesamarga of Putumana Somayaji, From among other
works, which enjoyed varied popularity, may be meationed the Jaraka-
krama and Jatakasara of Sankaran Nampltiri of Mahisamangalam,
the Jatakanitimarga and Jatakasarasangraha by Azhvaficeri Tamprakkal
and the anonymous Jatakedaya.

14. Auspicious times (Muhiuirta)

Practically all the texts popular in Kerala, enunciating the fixation
of auspicious times ‘muhurtas) for the numerous religious and social
ceremonics, are of indigenous origin.  The Muhurtadarsana of Vidya-
madhava ¢!f Nilamana near Gokarna, with six comuentaries, and
the Muhurtaratna of Govinda Bhattatiri of Talakkulam, with its
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commentary by Parame$vara of Vatasreni, are the carly ?exts of this
category. But, by far the most popular works on the su%)je?t are tviro
Muhnrtapadavi-s written by two brothers of the Matttir family in C.ochu.:,
whose names have, hitherto, remained unknown, but caI.]’ now, be identi-
fied as Porusottama and Subrahmagya. The p(}pl}larxty of these Fwo
Muhurtapadavi-s can be judged from the profusion C:vf manuscripts
of these works available and the seven commentaries composed

on them.!

15. Astrological query (Prasna)

The branch of astrology called Prasna has been very popular in
Kerala where many a new technique and practice has been evolved.
The classical work on the subject which was popular in the land was
the Prasnasatpaiicasikd of Prthuvadas, son of Varzhamihira, which
claims two good Kerala commentaries. Thers has, however, been sub-
‘stantial literary production, in consonance with the high popularity of its
practice. Here too, several treatises compreherding all aspects of Prasna
and many others which dealt with special items therein have come to
be composed. The most important work of the former category is the
Prasnamarga by a Nampttiri of the Papakkatto family, possibly named
Parame$vara; Numerous manuscripts of this work and of the four
commentaries on it have been recorded. A good number of later
‘works have been based on it or take it as their chief authority, Other
full-fledged works on Prasna include three treatises with the identical
title Prasnasara, one by Sankara, the second by a Somaydji of
Bhiitan#thapura and the third by Madhava of Ificakkazhva family,
two works of the name Prasndnusthanapaddhati, both anonymous,
Pragnamrta  of érikumﬁra, Prasnayana of Purusottama with
auto-commentary, Prasnamalg, possibly by Sankaran Nampttiri of
Mahisamaﬁgalam, with commentary, two works entitled Prasnariti,
one by Damodaran Nampiitiri of Mangala§éeri and the other by
Itakkattu Kukkaniyal and three different works of the name
Pra.fnalak_sapa, all anonymous. Among works dealing with individual
subjects, there are ga large number devoted to topics like Aksara,
Astamaingala, Ayys, Ayudha, Pakita, T ambula, Roga etc.

16. Natyra] astrology
| Of classical texts on natural astrology, the Brharsamhita of
h——a
1. To cite but

Library holds in its
tecorded in thei; catalo

©ne instance, the Kerala Oriental Res. Institute and Mss.
collections not less than 103 of these manuscripts, as
gfues,
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Varzhamihira was generally known, besides Lampakaby Padmanabha,
a later work well known in the whole of South India. Among
works on natural astrology produced in Kerala, a mention might be
made of Samudrikasara of Sankara, with two commentaries, two
anonymous Samudrikalaksana-s and the Ranadipikda by Kumira
Ganaka. The last-mentioned work which, in eight chapters, deals in
detail with the preparation for and conduct of war, is particularly
significant. Some works deal with individual topics like Bhmpariksa,
Rekhasastra etc, and some others like Naracesta, Paksisdstra etc,
with special types of prognostication.

17. Malayalam versions of Sanskrit texts

It is interesting to note that almost all Jyotisa works in Sanskrit
bave one or more commentaries or renderings in Malayalam,
produced, obviously, with a view to introduce their study among the
non-Sanskrit knowing public. This is a feature found in many other
regions of India as well. The Malayalam versions are generally
called the Bhasa of the works concerned. Often the author of the
original work himself prepared the Bhasa and at other times, others.
There have also been adaptations and abridgements of Sanskrit works.
A very instructive instance of this trend is found in the works of
an Azhvaficeri Tamprakkal who, in a series of works, adapted
& rnumber of important Sanskrit texts and also provided the
Malayalam renderings of these adaptations. Thus, his Phalasara-
samuccaya, in three parts, forms, in its Part I called Jatakabhaga, an
adaptation of the Hora of Varahamihira and the Saravali of
Kalyanavarman, in Part II called Pra$nabhaga, an adaptation of
the Prasnamarga of Panakkattu Namputiri, and in part III entitled
Muhurtabhaga, of the Muhartadariana of Vidyamadhva, In fact, of
the ten works credited to this author, five, viz., Jyotisfastrasangraha,
Sangrahasadhanakriya, Jaiakasarasangraha, Jatakanitimarga and
Phalasarasamuccaya, are adaptations of standard Sanskrit works and
the other five, form the Bhasa-s of these five works,

18, Kerala-Jyotisa outside Kerala

That some of the characteristic innovations, extensions and
practices evolved in Kerala in the discipline of Jyotisa, especially in
its astrological aspect, have travelled beyond its borders and become
current in certain other parts of India is but natural, It is again natural
that, as these theories and practices grew popular in those regions,
local treatises came to be composed incorporating the new ideas,
Most of these treatises are distinguished by the term “Kerala’ tacked
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However, what seems highly significant in this
matter is the variety and profusion of the wor?cs that have been
composed in this manner. About 8'0 wor_ks of this x.lafure have been
identified in the different Manuscripts Libraries.? Tieir non-Kerftla
cen determined from one or more of the following
indications : (1) Clear mention of alien authc'>rship, (2) the adflmon of
the term ‘Kerala’ to the title, (3) the popularity of t1‘1e works in other
parts of India, while they are virtually unknown in Kerala, 4) 'the
availability of manuscripts of these works only in non-Kerala scripts
and (5) the general absence of manuscripts of the works in Kerala.
While the bulk of these works are anonymous, some are apocryphal
texts attributed to ancient sages or said to be parts of larger Tantras
and Samhitas, Only a few of these are known under the names of their
real authors, The disciplines of Jataka and Prasna claim the largest
number of these works, the formar about 20 and the latter about 35.

on to their titles.?

origin bas b

In horoscopy, some of the works are comprehensive treatises, like
for example, Kerala-rahasya or Kerala-jatakananda ascribed to
Sukracarya, Kerala-sutra ascribed to Marici, Kerala-sastra-satra or
Jatakalankara ascribed to Nikasd, and the two anonymous works
Keraliya-jataka and Keraliya-jataka-sangraha, while the others are
devoted to specific aspects of astrology like bhava-s, dasa-s and
yoga-s. An interesting work is Kerala-horavyakhya by Sarvartupandita
who composed that work at Vijayamagar at the instance of his
patron Gopila.

Most of the texts on Prasna are anonymous. Among those whose
authors, real or apocryphal, have been indicated are: Kerala-prasna-
grantha and Kerala-granthodaharana both by Miuladeva, Kerala-sastra,
Kerala-prasna and Pasaka-kerali, all by Garga, Kerali by Riavana,
and. Keraliya-prasnaraina by Nandarama Pandita. Of peculiar
subjects dealt with are prognastication (1) on the basis of letters in the
Aksaracintamani section of Keralamata ascribed to Siva, Keralaprasna
or I'K'eraiiya-jiiana and Aksarakevaliprasna, both anonymous ; (2) on the
basis of the throw of the dice in Kerala-pasavalt of Garga and the two
anonymous works Kerali-prasnavicara and Keraliya-sakunavali ; and

‘1. Thi : . . ,
s phencmenon is found, in varying degrees, also in the case of certain

other discipli ;
disciplines like Tantra, érauta, Dharma and Mantradastra.

2. Fora classified and

documented list of the manuscripts of these
Kerala works, P s nom

see Appendix, below.
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(3) on the basis of arecanuts in Keralaprasna (anonymous, Mithila
I1I. 180). Of works on natural astrology, a mention might be made of
Keralayatra on setting out ona journey, and Kerali on the throbbing
of the limbs and on dreams, both anonymous, and Kerali-§akuna,
on omens, the last being attributed to Vy&sa.

The desiderarum. The non-Kerala works on Kerala Jyotisa,
mentioned above, demonstrate how the specialities of a discipline as
evolved in one region of India have been transmitted to the other
regions of the country and how they have been accepted, preserved and
propagated in those parts under the labzl of their original place of
origin. It is well to remember here that it is but natural that during
their transmission and propagation through the centuries, some of the
criginal ideas might have undergone some modifications. It is also
possible that some new or local ideas have come to be incorporated
in these works and paraded as Keralite views, It would be
extremely instructive to investigate this subject fully. Comparative
studies between the non-Keralite works and allied Keralite works
could show how far the former represent the original views. The
textual or other sources from Kerala, if any, of the individual
non-Keralite works have to be identified. It would also be interesting
to examine why these works are almost always unknown in Kerala,
the land to which the ideas expressed therein are supposed to belong.



CHAPTER IV

KERALA ASTRONOMERS

1. Introductory
The approach of the Kerala astronomers to the study of that

discipline and the broad trends of their writings, as set out in ‘thc
previous chapters, should form the natural background for an apprisal
of the literature produced in the land on astronomy and, for the sakc. of
fullness, also on the allied discipline of astrology. Such an apprisal
is attempted in the two chapters that follow. ln the present .chapter, the
major writers are taken note of and in the mnext ch.apter is presented
‘a fully documented Inventory of the available literature on these
disciplines. It may be noted that the said Inventory carries references to
the manuscripts, editions and studies relating to as many as about 6L0
works on astronomy, astrology and mathematics and details of
" about 100 authors and authorities,

2. Earlier documentation

/ Several efforts have bzen made before to take stock of Hindu
astronomical and allied literature, including that of Kerala, though these
attempts have hardly succeeded in giving any adequate idea of the extent
of the literature produced in Kerala. ‘A brief bibliography of Hindu
mathematics’ by G.R. Kayel records but a single work from Kerala,
being the commentary of Paramadi$vara (sic.) on the Aryabhatiya. The
Ganakatarangini or Lives of Hindu astronomers by Sudhakara Dvivedi
mentions just four Kerala authors and two works.? ‘A consolidated list

of Hindu mathematical works’ by K. Balagangadharan? includes just 18
Kerala #uthors and 42 works. K.K: Raja’s well-documented paper on
‘Astronomy and mathematics in Kerala : An account of the literature’ !

1. J1. and Proc. of the Asiatic Soc. of Bengal, (NS) 7 (1911) €79-86.

2. Rev. edn. by Padmakara Dvivedi, Banares, 1933. The Keralite authorities

teferredl to hercin are Paramegvara, Krgnachrya, Govinda and Vidyamadhava,
among authors, and Bhogadipika and Dadadhyzyi, amorg works.

3. Mathematics Student, 15 (1947) 55-70.
4. Adyar Library Bulletin, 27 (1963) 118-67.

Kerx. Astio. 6 a1
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takes into its purview only some of the more prominent authors in
these two disciplines, numbering about 20, and their works, numbering
about 80. S.N. Sen’s Bibliography of Sanskrit works on astronomy and
mathematics,! carries the documentation of just 13 Kerala authors and
47 works. The major histories of Kerala literature, viz., Kerala Sahitya
Charitram (in 5 vols)) by Ulloor S. Parameswara Aiyar,? Keraliya
Samskrita Sahitya Charitram, (in 6 vols.)> and Kerala Sahitya
Charitram : Charcchayum Paranavum, (in 2 vols.),! both by Vatakkumkur
Rajaraja Varma, Malayala Bhasha Charitram by P. Govinda Pillai?
and Kerala Bhasha Sahitya Charitram (in 7 vols.), by R, Narayana
Panikkar,® especially the first three, notice a much larger quantem of the
literature, though they, too, fail to do adequate justice to the subject. In
fact, more than half of the literature on Joytisa produced in Kerala does
not find a mention in these volumes. Moreover, the accounts given ia
these histories are not documented and are, mostly, distributed in their
different volumes. Neither do these histories, except that of Ulloor,
carry any index to help the reader in locating a work or an author dealt
with therein, Under the circumstances as stated above, the wealth of
material presented, in a chronological manner, in the following pages may
be expected to provide a far more comprehensive account of the
literary output of Kerala in the discipline of Jyotisa, It has been
thought not necessary to repeat here the details which are available in the
earlier accounts, but it was felt essential to set out all new information
not noticed in therein. Therefore, in the following pagss, the stress will
be on new information, identifications and correlations, although, for
the sake of completeness and continuity, a brief mention wili be made
also about currently known authors and works, for further details
about which the earlier writings referred to in the footnotes might be
consulted with advantage. For the documentation of the manuscripts
of the works and for extracts therefrom, the annotated Inventory
in the next chapter might be referred to.

1. Part 1: Manuscripis, Texts, Translations and Studies, National Institute
of Sciences of India, New Delhi-1, 196€.

2, Pub., University of Kerala, Trivandrum, 1953-57.

3. Pub., Vol.I, Kamalalaya Book Depot, Trivandrum, M. E, 1113 (A. D.
1938), Vols, II-VI, Mangalodyam, Trichur, M, E. 1122-40 (A.D. 1947.65),

4, Pub.,, Mangalodayam, Trichur, 1967-69.
5. Reprint, National Book Stall, Kottayam, 1955.
6. Pub., Vidyavilasini Book Depot, Trivandrum, n.d.-1951.
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3. Vararuci I (4th cent. AD.) -

Vararuci is the father figure In the astronomical tradition of
Kerala. He is supposed to have lived in the first .half of the 4th
century, this date having been arrived at on tt.w be.ms o‘f the da{es of
birth and death of his eldest son Melatto] Agnihotri, whlchjre given,
according to tradition, in the Kali c}:ronograms yajnas‘thdnam
suraksyam (12,70,701) and purudhih samasryap (1'2,57,92].).Wh10h fall,
rcspec‘tively, in A.D. 343 and 378. Th? manuscript tradition of the
land ascribes to Vararuci the authorship of the 248 Cai.zdrfx-vak):as
(‘moon-sentences’), popularly called Vararuci-vakyas, beginning with
gir nah Sreyah, and also the promulgation of the ka;apayafli notation
of dc;;icting numbers which has been used in the composition of the

said Vakyas.!

| 4. Vararuci 11
In horary astrology, the work Kerala-dvadaéabhavavakyam’, in

12 chapters, is ascribed to Vararuci ; the manuscripts of the work
carry expressive colophons such as it Keraliya-Vararuci-vakye and
Kerala Vararuci-prokta. Two anonymous works, both entitled Keralg-

* dvadasabhava-phalam, one in verse and the other in prose, are allied

~ to Kerala-Vararuci’s work mentioned above. Another work of
Vararuci is the Vararucika, an extenstive treatise on general astrology
in 12 chapters. Still another work called Vararuci-kerala called also
Jatakarahasya and Kerala-rahasya on horoscopy is, also, attributed
to him. The Vararuci, who is the author of the above works on
astrology might be identical, but it is not possible to assert that he
is the same as the author of the Candra-vakyas.

5. Haridatta (c, 650-700)

Haridatta, as noted earlier, has the distinction of promulgating,
—

1. Sn Vararuci, see Raja, pp. 120.22 ; U1, vol. L pp. 71-81, 165;: Va. vol. 1.
Ep' 90-95. There Is another astronomer named Vararuci, the author of the well.
t:eov:n I/;'akpa.’eamzm {ed. T. S, K. Sastri and K. V. Sarma, Madras, 1962), which is
Ta s-1un§-b00k of the Vakya-pasicanga, popular in South India, especially the

g . .
to T}i r;"mfl' But this Vararuci, whether the name is teal or apocryphal, belonged
N 1e amil region, a5 g clear from the introductory verses of that work, It
bez a S0 be:n shown that this is a 13th century work, having been composed
ma:een 1‘-8.2 and 1206, as can be inferred from the dodhya-ding (‘deductive day’)
P e elin that work asa ‘zero-day’ for computations (pide op. cit., Intro.,
-+ 1x). For 80me Keralite legends on Vararuci, see Kottarathil Saﬁkuggi'

.I) i 3 43 i - ey
Pa‘ray‘pLFW Pantiru kulam’ (Mal.), (‘The twelve tamilies born of a woman of the
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In 683, at Tirunavay in Kerala, a new system of astronomical
computation called Parahita, which presented distinct advantages over
the prevailing Aryabhatan system.!  One of the important corrections
which he introduced was called the Sakabda-samskara or Bhata-
samskara® His Grahacaranibandhana, of which and of whose
summary critical editions are available,® is the working manual of the
system. His comprehensive treatise on astronomy entitled Maha-
marganibandhana, referred to in the Grahacaranibandhana (I11. 44), is
yet to be recovered. The well-known verse vagbhiivonat etc., enunciating
his S‘akabda-samskﬁra, which does not occur in the shorter manual,
must be from this treatise ;* so also Nilakantha Somay#ji’s quotation
in his Grahanadi-grantha (ms., p.59) which reads : atra Haridattas
capy dha—‘caturda$abhdgantaé calanty eva grahas tatah’. The Parabhita
system of computation, which grew highly popular, has played a leading
role in the propagation and practice of astronomy in Kerala.®

6. Govindasvamin (c. 800-850)

In Govindasvamin, teacher of éahkaranﬁrﬁyana (see below) who
was the court astronomer of King Ravi Varma Kerala, we have
one of the ablest exponents of Bhaskara I and of the Aryabhatan
system. His elaborate Bhasya on the Mahabhaskariya® contains new
ideas and mathematical elaborations which remain to be fully recognised
and expounded in terms of modern mathematics,” An original work
of his on astronomy and mathematics, which is quoted under the
title Govindakrti by later writers like éai]karanﬁrﬁyaga, Nilakantha

1. See above, pp. 7.8,
On this see above, p. 9,

Cr. ed. with Intro.,, K.V. Sarma, K.S.R. Institute, Madras, 1954.

s

For this verse and its exposition, see above, p. 0.

5. On Haridatta, see: K.V. Sarma, Iatro. to his edn. of Grahacaraniban-
dhana, op. cit., and ‘The original ‘text of Parahita-ganita’, (Mal ), Mathrubhums
Weekly {Kozhikode), 10.10.195 4 i Raja, 173.26.

6. Cr,ed, T.S. Kuppanna Sastri, Madras, 1957.

7. For an exposition of some of these, see R.C. Gupta, ‘Second order of
interpolation in Indian mathematics', Indian JI. of Hist. of Sc., 4 (1959) 86.98 ;
‘Fractional parts of Aryabhata's sines and certain rules found in Govindasvamin's
Bhasya on the Mahabhaskariya’, ibid., 6 (1971) 51-59,
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1ig yet tobe recovered, So also is his work
on astrotogy Wwhich is referred to by Nilakantha as Govindapaddhati.
However, manuscripts of his short commentary called Prakatartha or
Samprad&yapradipika on Pardtarahora are known but it iz yet to be

issued in print.?

Somay8ji and Niryana,

7. Sankaranarayana (c. 825-900)

Ravi Varma, the Oth century ruler of the Cera dynasty of Kerala
had as his chief court astroncmer &ankaranarayana disciple of
Govindasvamin, Sankarapardyana wasa native of Kollapuri on the
Arabian coast. The only known work of his is a commentary cn the
Laghubhaskariya which he wrote in A. D.869.4 Besides being highly
elucidatory with regard to the subject treated therein, the work throws

‘light on the keen interest evinced by the royalty in the promotion of
the study of astronomy, the presence of an astronomical observatory at
the capita! city Mahodayapuram (modern Kotungalloor ncar Cochin),
the construction of buildings with due raference to mathematical

- principles, arrangements made in the city for announcing the times of

- the day—which all point to the conditions that greatly favoured the

flowering of astronomical studies in that part of India®

8. Udayadivakara (11th cent.)

‘ Udayadivakara, surnamed Jyotisikabhatta, author of the elaborate
cpmmentary calied Sundari on the Laghubhaskariya, which takes as
{ts epoch 1073,° probably hailed from Kerala. In the Sundari he
quotes as many as twenty verses from an unnamed work of a

Tss 11\;0 Flg_x; instance, see Sankarandr@yana in his com. on Laghubhaskariya,
) . 162, pp. 19, 53, 95 : Nilakantha, Grahanadigrantha, ms., pD. 35, 42, 44.

2 See his Grahanadigrantha, ms., p. 44.

bhaskaa;ij-.gnofi‘;t;ndaSVEmi[}' see ! .T.S.K. Sastri, Intro, to his edn. of Maha-

of our author with th Dp:- xhvi-l Ra].a, 127.28 : Ul. 11.6-97. The ‘identification

by Ulloor (1,169, 11 92 Lth cent. Govinda Bhattatiri, au. of Muhurtaratna, made

on the 4» .bh o 97) is not correct. Again, Ulloor (1.169) refers to a com.
yabhatiya by out author, but no such com, is known.

4, E :
, d. Trivandrum Skt. Ser., (T§S), No. 162, (Trivandrum, 1949).
-4
5. O .
n Sankaranardyana, see, Intro. to the above edn., pp. X-xv; Raja

12329, U

B.rhmkarmal'-bl' 165.67: Va, IV, 221-23.  Va's statement (IV. 722) that

niband} " andhana is a work of this author is not correct. Brhatkarma-
tana is another name for the Mahabhaskariya of Bhaiskara I. .

€1 . —y
t  {e1at¢5 as given in his com. on Laghu., 11, 29.
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mathematician Jayadeva and comments on them,! His comments on
Jayadeva are quoted also in the Lilavarivyakhya (Kriyakramakari)
by Niarayana (Madras Ms, R. 2754, pp. 182, 183-84, 185). Possibly
Udayadivikara has commented on Jayadeva’s work in full,

9. Acyutal

An extensive work on analytic astrology, called severally as
Devakerala,® Keralajyotisa, Candranadi and Candrakalanddi, introduces
ftself as to have been compiled from the teachings of Acyuta, a brahman
from Kerala. Acyuta propitiated, by penance, Brhaspati, who taught
him the Jatakaskandha. In a similar manner, Acyuta propitiated
Sukra and Parameévara also and got from them their teachings as
well, which he propagated.® Neither the date of this Acyuta nor any
personal details about him is known, The Devakerala which represents
his teachings is, obviously, a compilation by his disciples, among
whom Venkate$a of the Kidyapagotra is specifically mentloned as the
redactor of the Uttarabhaga of the work.*

10. Keralacarya ( ? 12th cent.)

According to current tradition, Keralacdrya hailed from Trichur
in Central Kerala and belonged to the Kasyapagotra. It is also said
that he was a minister of King Rima Varmi who ruled in Kerala from
1108-32, He wrote on Jyotisa, Ayurveda and Tantra. His works on

1. For a study on these verses, see K.S. Shukla, ‘Aciirya Jayadeva, the
mathematician’, Ganita, (Bharat Ganita Parishad, Luckunow), 5 (1954) 1-20.

2. Ed. by T:S. Ranganatha Josyar, in 3 parts, Madras Gov. Or. Ser., Madras,
1952.56.

-
3. Cf.: Kerale visaye hadcid Acyuto nama bhasurah |
Brhaspatim samuddidya sa cakre tapa uttamam ||

prasadasumukhas tasmai prahka devapurohitah |
tapasa tava tusto "smi vatsa kim te karomy aham /| ...

yan mayanukrtam purvam Jatakaskandham uttamam |
dvisahasrena sanksipya tvatkrte procyate "dhuna |/ ...

Acyuto *pi punah pritas tapasaradhya Bhargavam |
tasmat sahasrasankhyakam praptavan Bhargavam matam [/ ...

digyan adhydpaydmasa éastram tad Devakeralam | ...

4. Cf.: abhivandya matangakhyam érimad-venkatandyakam |
Kasyapo Venkatedo "ham phalam vaksyami bhubhujam |/

(intro. verse)
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included Kerala-samhita, Kerala-nadigrantha, Keraliyaprasna-
ralaprasnasara, However, as observed earlier, these works
Keralite treatises based on Keralite teachings

Jyotisa
marga and Ke
must, obviously, be non-
attributed to Keralacarya.l

11. Vyaghrapada

zelr':!stana!s’tistra,2 called also Grahasamaya and Navagrahasamaya,
has, obvic;usly, been composed by a devotee of god diva enshrined at
Vaikkom (Skt. Pundarikapura) in Central Kerala and attributed to
sage Vyaghrapada, the establisher of that place, It is an interesting
treatise in analytical astrology, intended as a supplement and corrector
cal horoscopic astrology and contains 389 verses, divided into
Herein, each of the twelve lagna-rasis (ascending zodiacal
vided into nine ankapa-s (‘court-yards’), each antana
" by a planet havirg individual characteristics,
“Minute prognostications are made on the basis of the effects of

“these planets.®

to gene
four chapters.

12, Krana (c. 1200)

4 Krsna, called also Krsnacarya, is the author of Cintajigna, &
fbmprehensivc work on astrology in thirtytwo chapters, No personal
“details about him are known but his being quoted frequently as an
“authority by later writers, the earliest of them being Govinda Bhattatiri
-of Talakkulam (1237-95), is a pointer to his popularity and his date,
‘which might be taken to be about 1200 or before, He may be
identical with Krsna, the auvthor of a commentary on the Horad of
Varahamihira, of which a manuscript has come to light, Krsna’s
Cintajiana has a popular commentary called Caturasundari by Visnu.*

13. Krspa-sisya (c. 1200)

Krsna had in one of his disciples, who does not disclose his
name or give any other personal details, an ardent admirer and
propagator of his teachings. This disciple has composed two works,
one a metrical commentary on the Hora and the other a short
treatise in verse on astrological query, entitled Prasnaphalapraptikala-
mirnaya. lo both these works, he mentions his teacher in high terms

H—
See above, Pp. 38-40,

Ed. by K. Raghavan Pillai, TSS, No. 222, Trivandrum, 1968,

On this work, see Intzo. to the edn. cited above and UL Sup. 1. 221-22.
On Krgna, see Ul. 1, 169-70.

& W N
. -
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and, in the latter, goes to the extent of saying that the minds of those
who have imbibed the teachings of Krsnacarya would remain unassailed
so far as prognastication is concerped.!

14, Stiryadeva Yajvan (1191-c. 1250) -

Suryadeva Yajvan of the Nidhruva gotra and nephew of another
Stryadeva was a versatile commentator and recognised authority,
He gives his date of birth as ‘visvesa® (1113) S$aka in the colophon
to his commentary on the Triprasnadhyiya of the Laghumanasa of
Muiijala. His elaborate commentaries on the Laghumanasa and the
Aryabhatiya are available, but that onthe Aahabhaskariya-bhiasya of
Govindasvimin is known only from his reference to it, On astrology,
he commented on the Mahayaira of Var@hamihira, and the Jataka-
karmapaddhati of Sripati, both of which are popular.?

15, Vidyamadhava

Vidyamadhava, whose commentary on the Kiratarjuniya, is perhaps,
the best exposition of that mahakdvya, was equally at home in Jyotisa.
His Muhuriadarsana, called also Muhartamdadhaviya and Vidyamadhaviya,®
‘is an extensive work in 15 chapters, discussing and prescribing
auspicious times for all types of social and religious functions. He
was a member of the Tulu brahman family of Nilamana, his village
being Gunavati (Gunavanta), near Gokarpa, on the Arabian coast.
He was the son of Nardyana, an eminent scholar attached to thz court
of King Mallappa. The Muhartadarasna has bzen extremely popular
in Kerala and has six Keralite commeantaries on it, two in Sanskrit
and the others in Malayalam.*

16. Vispu of Nilamana

Visnu was the sopn of Vidyamadhava and had the distinction of
commenting upon his father’s Muhurtadarsanz,  This commentary,

1. Seethe veises extracted in the Inventory, below, under the respective
works.

2. On Suryadeva, see Raja, 121.32, Sen, p. 124 ; Ul 1II. 37-68; UL Sup.
1.219; WVa. L 3580-02,

3. Ed. by Shama Sastry, Vidyamadhaviyvam with Visoudarma's Muhuriadipaka,
Bibl. Sanskrita, Nos. 63, 67, 70, Or. Res. Inst., Mysore, 1923, 1925, 1926,

4, On VidyamBdhava, see, UL I1, 95; Ul Sup. 1.540; Va.l. 441-.44.
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is highly elucidatory and informative and bas been as

lled Dipika,’
call ? he land as its text.?

much popular in

17. Govinda Bhattatiri of Talakkulam (1237-95)

Govinda Bhattatiri of Talakkulatiir family bclong'ed to the
village of Alattdr in S. Malabar and is renowned as ?he progenitor of -the
famous Pazhur Kaniyar family of astrologers A line of aftronomxcal
tradition which he started continued . for more 'tl':lan 700 years.®
The dates of his birth and death are given by tradition by t‘bc Kali
chronograms raksed govindam arkah (15,84,362) and kalindipnyatus.ta‘h
(16,12,891), which fall, respectively, in A.D. 1237 and 1295. His
elaborate commentary Dasadhyavi on the Hora, called so on account
of its commenting only chs. I to X of the work, deals, insubstance,
with the entire Hora.t His Muhurtaratna has been very popular. He
“4s said to have written alsoa Muhartapadavi, which formed the basis
" for several later Works of that name (Ul 11, 110).°

18. Tamarapalliir (14th cent.)

| A member of the Tamaranallir family has produced an authori-
‘tative work entitled Muhartavidhi, called also Muhurtam Bhasa. The
~ work is popularly knowa as Tdmaranallar Bhasa, after its author, It
" deals with the fixation of auspicious times for functions and is composed

1. Ed. with text, opr. cit.

2. The colophon to the commentary on ch, XI reads:
Muhurtadardanadaréavyakhyane Visnuna krte |
vyacastaikadadadhyayam Vidyamadhavanadanah [/

. On the basis of this Ulloor (II. 95) distinguishes between Visnu and
Vidyamadhava's scn and states that while the disciple Visnu is the main

cfommentator. ch, XI was commented by Vidyam#dbava's son. But, for the
identity of the two, see colophon to the com.onch. V:

ittham Vidyamadhaviye Muhurtadarée ‘Vidyamadhavasyaimajena® [
I’yahhya‘o abhﬁd gumphtte ‘Vis']unarnna’ yiryav’iryam daréanam paﬁcamo ’yam /I
3. See above, pp. 5-6.
- ; Pub. und‘er the title Dadadhyayi, Venkatesvara Press, Bcmbay, Sarh. 16€9
-D.1912) ; Vidyakalpataru Press, Palghat, (1605), (in grantha scrigt,.

L 3egg Sovinda Bhatgatiri, see: Raja, 132.33; UL 1. 16769, 11.110: Va.
'i‘a[ak; l 11 492500, For the legends about him see, Kottarathil Sankunpi,
1 U_attu:' Bhattatiriyum Pazhur patippurayum’ (Mal), Aitihyamala,
» (6th edn., Trichur, 1961), 99.108. ‘

Ker. Astro. 7
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in early bhasa-misra (Skt.-Mal)) verses. The author, who does not reveal
his personal name, makes mention of his patron Ceyyiir (?Celltir)
Nar3yanan Nampitiri and might have hailed from Perificellir in
Malabar.}

19, Nityaprakasa Yati (14th-13th cent.)

Nityaprak#sa Yati cr °Bhattaraka, about whom the only personal
information known is the pame of his preceptor, viz., Anandaprakasta,
has commented on the Hora, both in Sanskrit and in Malayalam.
Both the commentaries are elaborate and are called Prakdsika; The
Sanskrit commentary is called also Visamaksaraviveti. The language
of the Malayalam commentary, which is characterised by mediaeval
traits,® would suggest for it a date in the 14th-15th century.

20, Kumara Ganpaka (c. i4th-15th cent.)

Kumara Ganaka is the author of Rapadipika,® which he composed
at the instance of Deva Sarma, younger brother of Govinda, a Kerala
prince, probably of the principality of Cempakaséeri (modern
Ampalappuzha). The work deals with politics, royal conduct and war,
on the background of natural and horary astrology. 1t is divided into
eight chapters, called viveka-s, devoted, respectively, to Naya, Yatra,
Jayajaya, Kala, Sulacakradi, Paficasvara, Mrgavirya and Bhabala.
The author writes very readable poetry and reveals a liberal and
progressive bent of mind,*

21, Rudra I (c, 1325-1400)

Paramesvara VataSreni (1360-1455), of Drgganita fame, has
mentioned in several of his works, Rudra, the eminent astronomical
authority at whose feet he learnt the discipline. This Rudra’s has,
however, not been identified as the author of any work.?

1. On Tamaranallur, sze UL I.450-1; UL Sup. 1 145: Va. III 395. Two
manuscripts of the work, Ker. 4i47-A and PM 4113.B, call themselves
Muhuriapadavi Bhapa. It remains to be seen whether it is related to the
Muhwrtapadavi of Govinda Bhattatiri of Talakkulam,

2. E.g., see the lines: yavad gatak éitakaro etc, (Hora 24. 6) : enpatu
vraénam pepmina pozhutu prasnaradikku ettanayam radiyile candran ninran
enfu iata candran ninra  rddi pigittu akkannabkenni avviradiyile candran
nilkarp:‘_raman entu colluka | (Des. Cata. of Sht. Mss. in H H. the Maharaja's
Palace Library, Trivandrum, Ms, No, 995, (vol. 1V, p, 1315).

3. Ed.TSS, No. 53, Trivandrum, 1928.

4. On Kumara Ganaka, see Ul. II. 112.13 ; Va, II.7.5.29

5. On Rudra, see Raja, 138,
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n3. Maidhava of Sahgamagrama (c. 1340-1425) : Madhava I

Madhava, referred to by later astronomers as Golavid (‘Master
of spherics’), was en astute mathematician who belonged to Sangama-
grima, identified with Irinjalakkuda, near Cochin. According to an old
astronomical document, he belonged to the sub-caste of Kerala
prahmans called Empran-s and the name of his house was Ilafifiippalli.!
In his Venvaroha?® he evolved a facile procedure to read out the
true positions of the Moon every 16 minutes.> He uses, in this work,
a datein A.D. 1400 as the epoch, which gives a clue to his date,
Among his known works are Lagnaprakarana and a table of moon-
muemonics correct to the seconds. His Mahajyanayanaprakara and
Madhyamanayanaprakara, for which short commentaries are available,
contain novel theorems and computational methods evolved by him
and used by later writers.

An important work of Madhava, which may be identified here, is
his Aganita. The astronomical document mentioned above states
that Madhava is the author also of an Aganitapancanga. An anony-
mous Aganitagrahacara which has been quoted by Karanapaddhati
(1IV. 14, 16, 18) and is available in manuscript form mentions the
$odhyabdas (‘deductive years’) for the computation of Mars, Mercury,
Jupiter, Venus, Saturn and Moon’s Higher Apsis as Saka 1320, 1318,
1340, 1158, 1201 and 1276, corresponding to A.D. 1398, 1396, 1418,
1236, 1379 and 1354.* Since the principle underlying the sodhyabdas
is to fix them in such a way that the largest possible number of

[ e O

1. Cf. the words: Madlhavan Venvarohadinam kartta. ... Madhavan
Hawwnipralli Empran, in a Kerala manuscript, No, 9886, preserved in the Oriental
Institute, Baroda, and ed. by K. V. Sarma in the paper ‘Some direct lines of

astronomical tradition in Kerala’, Pt. Charudeva Shastri Felicitation Vel
Delhi, 1972,

2. Cr. ed by K. V. Sarma, with the commentary of Acyuta Pisarati, Sanskrit
College, Trippunithura, 1956.

3. For 2 note on other works of this genre, see above, pp. 32-33.

1. Cf. Ms, T, 28), Cata. of the Skt. Mss. in the Curator's Ofice, Trivandrum,
Vol 1V, p. 1305 ;
sfakabdxt ‘naraloko'nad raghavair dhitsuna kujahb |
divyaloko'-nanilagrais tattvajfiair bhajite budhah |/
‘navaloko’-nasarangarr gajair apte gurur bhavet |
hemarunyo'-nadakabdat saravair govarair bhrguh [/

‘yajiiuloko'-nanitasméair dharmair apte $anir bhavet |
tirthapriyo'na-sakabdad gandhajfiair bhajite tamah /]
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years will be cut off from the number of the current year, thereby
providing maximum ease in calculation, the S$odhyabdas selected would
be as near as possible to the date of the compositicn of a work, which
date would, naturally, be just ahead of the largest sSodhya. In
the case of the Aganiragrahacara in question, the Sodhyabdas, with
A, D. 1418 as the latest among them, agrees, surprisingly, with the date
of Madhava, This gces to confirm that in the present Aganitagraha-
cdra we have a hitherto unidentified work of Madhava, viz. his
Aganitapancinga which is mentioned in the said astronomical document,
Again, it seems quite possible that Madhava had composed a compre-
hensive treatise on astronomy and mathematics, which yet remains to
be identified and which may be supposed to contain the numerous single
and groups of verses enunciating computational procedures, theorems
and formulae which are quoted as Maidhava’s by later writers. Possibly,
Miadhava wrote also a work named Golavada® wkich gained for him
the appellation Golavid by later scholars,?

23. Paramesvara of Vatasreni (¢, 1360-1455) : Paramesvara I
Parameévara, one of the foremost astronomers of Kerala who revised
the Parahita system of computation through his Drgganita in 1430,
has made significant contributions to Hindu mathematics and astronomy.
He wasa Rgvedin of the A¢valayana-stitra and the Bhrgu-gotra. He
hailed from the village of Agvatthagrama (Mal, Alattiir) and his house
Vatafreni (Mal. Vatad$eri) was situated on the confluence of river
Ni]a (Mal. Bharatappuzha) with the Arabian Sea, where, on the sandy
expanse, he carried on investigations for fiftyfive years. He also
observed a large number of eclipses, of which he has recorded the
details in his Siddhantadipika® His grandfather was a disciple of

1. A matter of melencholy interest might de mentioned here, at least for
reccrd. The presence of a work entitled Golevida written in continuation of
Madhava's Venvarcha in a manuscript preserved in the Elankunnappuzha
Natakkal Kovilakam, near Ernakulam, raised in the presen: writer the hope that
that could, possibly, be a thitherto unkncwn work of Madhava. When, however,
he proceeded to the said Kovilakam and., with a good deal of persuasion, caused
the wooden box containing the family collection of manuscripts to be opened, he
f~rund that all the manuscripts in that box, including that of Golava@da, had been
completely eaten away by white ants. For further details, see his note on the
subject in the Mathrubhumi I/, (Kozhikode}, 17.6.1938, p. 4.

2. On Madhbava, see: K. V. Sarma, Intro. to the edn. of Venvaroha,
op. c¢it.; ‘Sangamagrama Madhava®, (Mal.), Mathrublumi W, 4. 11, 1856, pp. 17-18,
59 ; Raja. 123-36 ; UI IIL.91.3100 ; Va. I, 387.88, III. 383-90,

3. On Paramedvara’s extensive astronomical observations, see above, pp. 2-4.
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Govinda Bhattatiri of Talakkulam and he himself was a pupil of
Rudra I, Narayana son of Parameévara and Madhava of Sangamagrama.

Parame§vara was & prolific writer, author of about 30 works,
including original treatises and commentaries, both on astron(.)my and
astrology. Among his original writings on astronomy might be
mentioned the Drgganita (1430),! threz works on spherics, being the
Goladipikas I-111 (14472 three works on improved computation and
rationale of eclipses, ViZ., Grahanastaka? Grahanamandanat and
Grahananyayadipika® a text on the computation of the Moon-shadow,
entitled Candracchaydganita and a rationale on the computation of
mnemonic tables, vakyakarana.® He has commented on the Arya-
bhatiya.! Mahabhaskariya,® Makabhaskariva-bhasya,® Laghubhas-
kariya,\° Saryasiddhanta, Laghumanasa 1! Lilavati, Goladipika 1'* and
Vyaﬂpma,gggka, <ome of his commentaries, like, for instance, those
‘on the Aryabhatiya and Mahabhaskariya-bhasya, are extremely valuable
for the historian of Hindu astronomy, since they contain the enunciation
of some of his new findings, theories and interpretations. Two of his
woiks on astronomy, viz.,, Vikyadipika and Bhadipika, are yet to be
recovered. His writings on astrology include Acarasangraha in two
versions, one of them ending with Vivahanuknlyam. Jatakapaddhati,
and Sadvargaphalam and commentaries on the Jatakakarmapaddhati of

1. Cr. ed., K.V. Sarma, V.V.R I, Hoshiarpur, 1963

2. 1: Cr, ed., K.V. Sarma, Adyar Library, Madras. 1957 ; II; Ed. T.
Ganapati Sastri, T3S, No. 49, Trivandrum, 1916. ‘The traditional date of
- composition of one the Goladipikas {which one it is not possible to say) is given
by the chronogram diyatam (3i.E. 618) equivalent to A.D. 1443, is given by
Achyutatty Vasudevan Moossatu in his collection of chronograms entitled
Marahkatta nalukal (‘Unforgettable days'), Kunnamkulam, M.E, 113J {A,D. 1955).

3. Cr.ed, K.V, Sarma, K SR. Inst.,, Madras, 1959.

ﬁ. Cr. ed., K.V. Sarma, V.V .R.L, Hoshiarpur, 1965.
5. Cr.ed,, K.V. Sarma, V.V.R.1., Hoshiarpur, 19€6.

6. Thi : v, i 5 s di
‘ This Vakyakarana, in about 75 verses, is different from the Vakyakarana
attributed to Vararuci III,

7. Ed, H. Kern, Leiden, :874; Udaya Narain Singh, Etawah, 1906.
8. Pub, Anandasrama Skt. Ser , No. 126, Poona, 1945.
109.' ::bei; T.S. Kuppanna Sastri, Gov. Or Mss. Lib, Madras, 1957,
 Anandasrama Sht. Ser., No, 128, Pcona, 1915,
1121 Pub., Anandasrama Shi. Ser., No, 123, Pcona, 1944,

Cr. ed:
I ed: KV Sarma, Adyar Library, Madras, 1957.
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Sripati, Praénasatpaticasika of Prthuyasas, an anonymous Muhartastaka
and the Mukhurtaratna of Govinda Bhattatiri.l

24, Damodara of Vatasreni (c. 1410-1510) : Damodara I

Of Damodara, son of Parameivara of Vataéreni, no fullfledged
work is known, but his pupil Nilakantha Somayaji refers to him as an
erudite astronomer and quotes from his writings. Thus, in his Bhdsya
on Aryabhatiya (Kalakriya 17-21), Nilakantta says: tac coktam asmad
Acaryaih : sarvatra viskambhadolam srutau va vyasardhake syat
viparitakarnah | (Edn., TSS, No, 110, p.47). Further down, in the
same context, Nilakantha quotes a longer pisce with the introductory
statement : nibaddham ca tat tadaiva asmadgurubhih paiicabhir
upajatibhih :

arkasphutenanayanam  prakuryat
svamadhyamasydtra vitungabhanoh |

bhujagunam kotigupam ca kriva
mrgadikendre *ntyaphylakhyakotyoh |/

" bhedah ‘kuliradigate tu yogas
tadvargayuktad bhujavargato yat |
- padam viparyasakrtah sa karnas
trijyakrtes tadvihrtas tu karpah jf

tenahatam uccavihinabhanor
fivam bhajed vyasadalena labdham |
svocce ksipec capi tam Gdyapide

cakrardhatah suddham api dvitiye ||

cakrdardhayuktam tu trtiyapade
sams$odhitam mandalatds caturthe |
evamkytah suksmataras tu madhyah

© purvam padam yavad ihadhikam syat |

1. On Paramesvara, see : K.V, Sarma, Intro. to his edns. of Paramesdvara's
works, op. cit.; ‘Drgganita of Paramesvara', (Mal), Mathrubhumi W,
7.10.1956, pp. 29-30; ‘Fiftyone years' penance' (Mal)), Mathrubhumi 1V, 7.10.1936,
pp. 29-30 ; Raja, 136-43; Sen, pp. 16€-70; UL 1L 100-5; Ul Sup., 1. 215-19;
Va. 1. 378-83.
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antydt phalat kotigunas caturthe
tv arabhyate yady adhikatra kotih |
sarvatra viskambhadalam Srutau va

yyasardhake syad viparitakarnah ||
(Ibid., p. 48)

Elsewhere, too, Nilakantba quotes Damodara : E.g., prakarantareza
‘candrabahuphala’ ityading s’rimad-Da‘modarahvay&smadgur'umukhod-
gatena slokenok:a | (Grahanadigrantha, ms., p. 61). Later writers also
mention Damodara. Damodara might have composed certain works
which are yet to be identified, and from which the above-mentioned

pass: ges should have been quoted.!

25. Ravi Nampitiri (c. 1425-1500)
" Nilakantha Semayaji (1444-1545) r.eations in the colophon to his
. Aryabhatiya-bhasya, Ganitapada, Ravi as his teacher on Vedanta, He
pays his respects to Ravi also in the beginning of his Siddhantadarpana.
Ravi was also an erudite scholar in Jyotisa and has been identified as the
‘author of Acaradipika, an elaborate metrical commentary on the

Muhurtadipika.?

26, Nilakantha Somayaji (1444-1545) : Nilakanftha X

Nilakantha Somayidji, the centenarian astronomer of Kundapura
(Mal. Trkkantiyur) in South Malabar, was, perhaps, as eminent as his
grand-teacher, Paramesvara of Vatagreni. Ina detailed colophon to his
Bhasya on the Aryabhatiya, Gagpitapada, he gives full details about
himself. Elsewhere also, in his works, he records particulars about his
person, He was a Numpnqtiri of the Garga-gotra and hailed from the
family of Kelaliir (Mal. Kerala-nal-ir, Skt. Kerala-sadgrama). He
was the son of Jatavedas and had a younger brother named Sankara.
His date of birth is given in the chronogram given in his Siddhanta-
darpana-vyakhya, v.z., tyajamyajiatam tarkaih (16,60,181) which
falls in Decc. 1444, He is referred to as a ‘living’ authority by
Madhava of Ificakkazhva in his Prafnasdra, composed in 1542-43, Both
he and his brother Sankara were patronised by Kausitaki Adhya

e ———

1. Or Drmodara, see Ui, Sup. I.210-311; Va. 1.388. Va. identifies (I, 388)

the .
possi:));eese:t author with D@modara, au. of Muhmrtabharana, but this is not
+ tor the former belonged to the_BhEtgava-gotra while the latter was of the

Bharadvaija- )
o “-;;a gotra ; cf. the Intro. verse to Muhu@rtabharana (Ms. Kerala T.71):
viausam madhye Bharadvajagotrajata ye |

2. O i .
1L 1314, 0 Ravi, see K.V. Sarma, Intro: tothe edn. of Golasara, p.xv; Ul
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Netranarayana (Azhvaficeri Tamprakkal), the hereditory religious head
of the Nampttiris. Nilakantha spent his student days at the house of
Parame$vara of Vatasreni and received occasional instruction from
him, his regular teacher being Parame$vara’s son, Damodara,
Nilakantha had also another teacher by name Ravi, who is identified
as the author of Acaradarsiana.

Nilakantha was a versatile scholar, though his writings, which are
prolific and erudite, are all on astronomy. His Tanirasangraha (A.D.
1500)* is a comprehensive treatise on astronomy. His Grahananirpaya
and Candracchayaganita, the latter with his own commentary, deal
with revised procedures on the respective topics. In his Golasara®
he gives a resumé of some of his views on certain astronomical
topics and in his Siddhantadarpana,® he sets out the astronomical
constants, as determined by him, the rationale of which he expounds
in his commeatary on that work, In some elaborate tracts on eclipses
and certain other topics (Grahanadigrantha) he expounds the tradition
and rationale of eclipse computation, methods for determining
corrections (samsxara-s) etc. His Sundararajaprasnottara forms his
answers to certain astronomical problems posed by a contemporary
astronomer from the adjoining Tamil region who has commented on the
Vakyakarana ascribzd to Vararuci.4 Nilakantha sets out much original
contribution through his e¢xtensive Bhasya on the Aryabhatiya® which is
considered to be his masterpicce, But, by far the most instructive
work of Nilakantha is the Grahapariksakrama,® where, in about 200
verses, he sets out the procedures for the observation of the planets,
sometimes with instruments, and for their computation using the data

1. Ed, with the commentary of Sankara Variyar, 755, No. 185 (Tiivandrum,
1528).

2, Cr.ed., K,V. Sarma, V.V.R.1,, (Hoshiarpur, 1970).

3. Cr.ed, K.V. Sarma, Adyar Library, (Adyar Library, Madras, 1955).
4. Cr. ed,, T.S.X. Sastri and K.V, Sarma, K.S.R. Inst,, Madras, 1962.
5. Ed. TSS, Nos. 141, 110, 183, {Trivandrum, 1930, 1931, 1957).

6. This work has been guoted in full in his Aryabhatiya-bhasya, Gola. 48,
(TSS, No. 185, pp. 132-49). An adapted edition of this has been issued by
Puliyur Purushottaman Namputiri, (Bombay, 1550). A perfect ms. of the work
is available with K.V, Sarma,
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:hed from the observations. A commentary ia Malayalam
ain -
::;ounding the said procedures is also known.!

27, Sainkara of Kejallur (c. 1475-1575) : Saitk’ar-a I

Nilakantha Somayaji’s younger brother S%nkara, an astronﬁowmcr’
. e right, was, like his brother, patronised by the Azhva'ncen
m b gzllclal at whose house he was teaching astronomy as mentioned
Tamp;akanq;;]a’s Aryabhatiya-bhasya, Ganita. 26, (edn., p, 156). The
u;i;q i;,as}a had been composed for the sake of Sankara, who was also
:ntrusted with its propagation ?

28. Citrabhana (c. 1475-1550)

Citrabhanu Nampftiri, author of Karanamrta, an advancefi
manual on astronomical compatation in four chapters, was a pu'pnl
of Nilakantha Somaydji, whom he mentions as ‘Gargya’ in the beginning
of his work. He belonged to fhe Gautama-gotra and hailed from the
village of Covvaram (Skt. Sivapuram) near Trichur. The date of
composition of Karanamrta which is indicated in that work by the Kali
- chronogram buddhponmathyoddirtam yama: (15,91,513) (A.D, 1530)
- gives the clue to its author’s date.3

29, Citrabhanu-Sisya (c. 1500-75)

, Bhavacintavali, in three chapters, is a work on astrology by
an anonymous pupil of Citrabhanu. That the pupil has written on

astrology would suggest that the teacher Citrabhanu, besides being
an astronomer, was also an authority on astrology.*

30. Narayana I (c. 15C0-75)

Nar8yana, disciple of another Narayapa and Citrabhauu, ardent

admirer of Nilakantha Somaysji and highly devoted to Subrahmanya,

ey e

1. On Nilakaptha, see : X.V. Sarma, ‘Gargya Kerala Nilakantha Somayajin®,

JL of Or. Res., 26 (1936-57) 24-39; Intro. to the edns. of Siddhantadarpana and

Golasara, op, Cit.; Raja, 143.52; Sen, 155-57; UL IL. 117-20; UL Sup.
I. 235.37 » Va. L 33.87.

2. Qn Saflkara, see K Vv, Sarma, Intro, to Golasara,

op. ¢it., p. xiii.
3. On Citrabhany,

. see Raja, 153.55; U, IT, 273-75; U, Sup. 1. 3i5-6.
4. On Citrabhﬁnu-éisya,

. see Raja, 154 (where the work is
called Bhavacintamam‘) ;

UL, 11,275 meonely
[ . 7-’.

Ker, Astro, 8
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an esteemed associate of Nilakantha, was an original thinker and
highly informed commentator. He wrote, in A:D. 1529, an instructive
commentary called Laghuvivrti on Paficabodha IV His Uparaga-
kriyakrama in five chapters isa detailed exposition of eclipse compu-
tation. He also wrote two commentaries on the Lilavati, one short
and the other nearly five times as long, both called Kriyakramakari
and Karmadipika (called also Karmapradipa and Karmapradipika
according to the exigencies of the metre of the verses containing these
pames).2 The longer Kriyakramakari is especially valuable to the
historian of Kerala astronomy and mathematics for the profuse
references it contains to earlier authors and authorities, some of which
are now lost, and for the theories and procedures enunciated in that
commentary.?

31, Saikara Variyar (c. 1500-60) : Sankara II

The author of Laghuvivrti- (A. D. 1556), which is an erudite
commentary on the Tantrasangraha, was a disciple of Nilakantha
Somayaji and protege of (Netra) Nar3yana (Azhvaiiceri Tamprakkal),
both of whom are mentioned in the beginning of that commentary, is
identificd with Sankara Variyar of Trkkugaveli family. Though the
name of the author is not mentionsd in the commentary itself, some
manuscripts of that commentary (Kerala Univ_ 8351, 8906, C. 524) carry
the following post-coloplionic statement, in Malayalam, by the scribe :
i yyakhyanam . Trkkutaveli-c-Cankaravariyar otukkattu camaccatu [
Azhvaticerikku ventittu. sukhame Siksiccu camacu  ennu Parannottu
parafifiu kettu [ : “This commentary was composed last by Trkkutaveli
Sankara Variyar. It is stated to have been said by Parannottu that it
was composed with great care for the sake of Azhvaiiceri’. The
person referred to here as Parannottu is very likely to be Parannottu

1. Cf. the chronograpm prajialokoddhrtam yas (Kali day 16,91,302) in
the verse at the end of this work :

prajiialokoddhrtam yasmas gudham artham vivpnvaitt /
vyakhyaivam Paficabodhasya ciram tisthatu bhutale /[

2. Spme scholars distinguish between the authors of the two commentaries
on the Lilavati and suggest that Sankara Variyar of Trkkutaveli might have
written the longer Kriyakramakard (cf. Raja, 155) § again, some miss to recognize
«two' Kriyakramakari-s (Ulloor II, 12:). The matter has been examined in
detail and the authorship of N&r&yana of both the. commentaries is being set out
by the present writer, elsewhere.

3, OF N#rByana,see UL IL 121 Ul Sup. L 222, 227.28,
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‘an younger contemporary of Nilakagtha, and, therefore,

. hadeva, :
Jyest likely to be authentic.

the statement is quite
Hitherto, Sankara Variyar has been credited with the authorship
only‘of the above-said commentary. However, three more of his

works can now be ‘dentified. Thus, in the beginning of the present
’commcntary, he makes mention of a larger commentary of his on

Tantrasangraha :
‘Narayanam jagadanugmhajagarnkam
&pi-Nilakantham api sarvavidam pranamya |
yat T antrasangraha-gatam grahatantrajatam
tasya'param’ ca Vivrtim vilikhami Laghvim ||

.'.'Again, _in the final colophon at the end of the work, he states
" “that the present commentary is an adaptation of a larger commentary

of his named Kriyakalapa (‘Detailed demonstration’ ) on the
- _I_'ammsahgraha; cf.:

iti Tantrasangrahasya Kriyakaldpamkramena sangrhya |
racite tadvydkhyane purno 'bhud astamo *dhyayah ||

A anique manuscript of this longer commentary has been recorded
. in.the Inventory below. It can also be shown that the anonymous
work entitled Karanasara, in four chapters, whose authorship has
been left open (cf., Ul II. 121-22) and a Malayalam commentary on it
‘which is, at present, attributed to Sankaran Nampitiri of Mahisa-

mahgalam (Ul Il 272, 474), are really the works of Sankara
Viriyar.!

32. Jyesthadeva (c. 1500-1610)

Jyesthadeva, this name being, most probably, the Sanskritised
form of his personal name in the local language, has the distinction of

——————

1. Evidences for these identifications are being set out by the present writer
elsewhgre. Some scholars (¢f, Raja, 155) ascribe to Sankara VaAriyar the
e?i?ora‘te commentary Kriyakramakari on the Lilavati on the basis of the
su'm]anty of some expressions in one of the introductory versesof that work
W“fh those in his commentary on the Tantrasangraha However, there are clear
evidences, which, as indicated above are being set out elsewhere, to show that
the Kfiydkramakari is a work of N&arayana and not of Sankara VAriyar.
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being the author of the popular Yuktibhasa or Ganpitanyadyasangraha®
which forms an elaborate and systematic exposition of the rationale
of mathematics in its Pt, Tand of astronomy in its Pi. II. The
Sanskrit version of this work, known as Ganitayuktibhasa, is also, in
all probability, his work. An old astronomical document informs
that he was the pupil of Damodara of Vatasreni and was a member of
the Parannottu family® of the Alattlir village in South Malabar.*
Nilakantha Somayaji, whose Tantrasangraha he mentions towards the
beginning of his work, was his respected elder. He himself was the
teacher of Acyuta Pisarati who mentions him in reverential terms at
the close of his Upardgakriyakrama (A.D. 1592). M. Whish records
a tradition that the author of the Yuktibhagsa was the author also of
a Drkkarana The Dtkkarana in question, which is now available in
a single manuscript, is a comprehensive metrical treatise in Malayalam
on astronomy. It does not give anywherc the name of its author,
but gives in its last verse, its date of composition in the words
kolambe barhisanau (M.E. 783=A.D. 1603). In view of this date and
the mention of the tradition recorded by Whish, it is quite possible
that this is a work of Jyesthadeva.t

33, Jyes@hadeva-éisya (¢. 1550-1625)

A disciple of Jyesthadeva, who studied Tantrasangraha under
him, has composed a metrical commentary on that work ; this

1, Pt.I. ed with elaborate notes by Ramavarma Maru Thampuran and
A. R. Akhileswara Aiyar, ( Mangalodayam, Trichur, 1948 ). See also, A.
Venkataraman, ‘Some interestirg proofs from Yukti-bhasa,’ Mathematics
Student, 16 (1968) 1-7.

2. An extremely unreliable edition of the whole work has been issued
under this title by the Govt. Or. Mss. Library, Madras, 1954.

3. An old Malayalam Ms. No. 9386, preserved in the _Or. Inst., Baroda,
reproduced by K.V. Sarma, in his paper 'Direct lies of astronomical tradition
in Kerala', Pt; Charudeva Shastri Felicitation Volume, Delhi, 1972.

4. See Parayil Raman Namputiri, (ed)) Namputirimar, Trichur, M.E.
1093, (A.D. 1918), p. 65.

+

5. M whish, ‘On the Hindu quadrature of the circle' etc., Trans. Royal
As. Soc., 3 (1825) 523.

6. On Jyesthadeva, sece K.V. Sarma, ‘Jyesthadeva and his identification as
the author of Yuktibhasa', Adyar Lib. Bul., 22 (1938) 35-40. On Yuktibhagsa, see
Raja, 156-58 ; UL 11L. 439-40 ; Ul Sup. L 612.16.
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commentary extends, unfortunately, only to the first four of the eight

chapters of that work.!

34, Mattar Nampitiri-s : Purusottama I and Subrahmanya I (c.1475-1550)

Two Muhurtapadavi-S, out of the seven texts that go under that
name, have been widely known as the works of two brothers belonging
to the MAttlr (Skt. Mahavastu) family in the village of pafinal
(Skt. paiicalagrima), near ‘Chelakkara in Cochin, These two works,
comprising. respectively, of 36 and 43 verses, condense in themselves,
independently, the prgscription of auspicious times for all the major
gocial and religious functions and indication of the baneful times
which are to be avoided. Their popularity, as attested by their
numerous manuscripts as available and the several commentaries
on them is matched only by the obscurity that surrounded the names
of their authors. It has now been possible to identify both these
writers. A unique’ manuscript of the first of these two works,
preserved in the India Office, London, (Catal. No. 8070), carries a
colophon giving the name of its anthor as Purusottama :

V(B),rhadav,rrigehasambhavenz dvijarajnd Purugottamena /
gurunathakypabalat Rrtam yat tad idam sadvidusam mude *stu nityam ||

With regard to the second of the two works, a hitherto unnoticed
commentary thereon available in the Azhvaiiceri Mana (List No. 81)
etc,, meations in its introductory verse ths name of the author
of the text as Subrahmanya. Cf. :

‘veddhimdheyad hitaya’sau savita vas trayimayah
yadrasmisambhramad bhanti jyotimsy etani santatam |
$risvarnabhamir vidvadbhir sevya, padyair iyam Rrta

Muhartapadavi yena Subrahmanyam pranaumi  tam [/

It is also of interest to note that the first words of the said verse,
viz., Viddhimdheyaddhitaya (16,91,994), gives the date of composition

1. Cf. the concluding verse :
ity esa Parakrodavasadyvijavara-samirite 3o rthah |
sa tu Tantrasangrahasya prokto ‘dhyaye caturthe ‘bhat [/

The view expressed by some scholars (cf. Ul 1L 120, Va. 11. 498 and Intro.,
fo the edn. of Tanrasangraha, TSS 188) that the author of the commentary was a
Brohman of the Parakroda village' is not warranted by this verse,
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of the work as A D, 1531, enabling the date of the author to be
fixed correctly,!

35, Narayana of Kanvavastu (¢, 15th cent.) : Narayana II

Nariyanan Nampitiri hailing from the village of Kanvavastu,
which is differently identified with Trkkannapuram and Kanpanparampu
in Malabar, was the son of Kesava® Nirayaga’s Muhartadipaka is
a comprehensive treatise in about 400 verses on the selection -of
auspicious times for social and religious functions and has been
cited as an authority by $ankara of Mahisamangalam (see below).3

36. Rudra Variyar (c. 1475.1550) : Rudra II

Rudra (Mal, Uzhuttira) Viriyar belonged to the Desamangalam
Variyam, in South Malabar, which, during the middle ages, .was a
renowned centre of Sanskrit studies and a rich repository of maau-
scripts.! Rudra wrote in A.D. 1527 his elaborate commentary called
Nauka or Vivarana on Varghamihira’s Hora’ His other known work
is the Astamangalaprasna on a type of astrological query which is
very popular in Kerala.

37. Saikara of Mahisamangalam (1494-1570) : Saikara III

In the matter of the popularisation of studies on Jyotisa
among the masses in Kerala, Sankaran Namputiri of Mazhamangalam

R ——

1. On Mattur Namoputiri-s, see K. Sankara Menon, Intro. to his edn, of
Muh@rtapadayi 11 with Baladasikaram, $ri Vanchi Setu Lakshmi Series, No. 5,
(Trivandrum, 1926); UL I1.110-11 ; Va. II 601-12,

2, Ulloor (IL. 107) suggests that NBriyana might have been one of the
teachers of Paramedvara of Vatasdreni. But this is not possible, for the name of
the father of the present Narfyana is Kedava (cf.: kadcid dvijo gunakhyaig-
'Keéavakhyadvi;‘-titmajalz'I Kﬂnuavastu-ahvayagrdmajanma Narayanahvayah /| ),
while the name of the father of Paramedvara’s teacher Nara@yana was Parames-
vara (cf. Nilakantha Somaygji's statement on the subject: Paramedvaras iu
.Rudra-'Parameraratmaja-Nara_vana'-Madhavadibhyo golavidbhyo ganitagola-
yuktir api balya eva samyag grhitva etc. (erabhaﬁya-bhaaya, Gola. 48 ; edn.,
Pt, 111, p. 154). '

3. On Narayana, see Ul II. 107 : Va, II. 61213,

4. For an account of this repository of Mss., see K.V. Sarma, ‘Dedaman-

galam Mss, collection’ (in Mal.), Mathrubhumi Weekly, (Kozhikode),
8.2.1957,

5. Ed. TS, No 91, Trivandrum, 1926 ; 2nd edn., Trivandrum, 1958,
6, On Rudra, see Ul, II. 114-17; UL Sup. I. 531-34.
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Mahisamangalam) family had an important part to play.
Sankara hailed from the Perumanam village near Trichur but spent
most of his active life at Chengannoor with his teacher Parameé\faran
Potti of vizha-maveli house, In his work, Rapanayanapaddhati, on
- Sahkara gives the date of his birth in the chronogram
amsatulye(’hani) ( Kali day 16,78,168 ), which falls- in-

(Skt.

grammar,
jatoyam h
A.D. 1494,

Sankara wrote a large number of works both on astronomy and on
astrology, mostly in simple Malayalam poetry and easy prose. These
works include Ganitasara, Candraganitakrama and Ayanacalanadis
ganita in astronomy, Jatakakrama in horoscopy and Prasnamala
with Bhasa in astrological query. A work which he composed in
two versions is the Kdladipaka, called in general parlance Ceriya
Kaladipakam (Short Kaladipaka) and Valiya Kaladipakam (‘Loag
Kaladipaka’). He has a Jatakasara in. Sanskrit and another with
the: same title in Malayalam. He has commented on Paficabodha
(I1) and Puficabodha (IV).! His commentaries on LaghubhisRariya,
Muhnrtapadavi, Paiicabodha IV and his own Kaladipaka 11, all called:
Balafankaram, have greatly helped the popularisation of these works:
‘smong the people. On Paficabodha IV, besides the Balasankaram,
be wrote another shorter (?metrical) elucidation eatitled Paficabo-

1. A good amount of confusion has occurred in earlier writings in the
identification of Sankara’s works. Thus, the Jatakasdra, noticed by Ulloor
(IL 474) is, really, by a namesake of our author. Our Sankara has actually
composed two works under the title Jatakasdra, one in Sanskrit and the other
in Malayalam: Ulloor does not mention the former and describes the latter
as an anonymous work (Ul III. 241-42), failing to take note of the apparent
Mahigamangalm characteristics in it. Similarly, Ulloor does not take note of
Sadkara’s Praénamala and describes Sankara’s own Bhasa on it as an anonymous
work (UL IIL 242). Again, Ulloor describes Sankara's Balafankaram, called.
also Paficabodhakriyakrama on Paficabodha IV as the Pasicabodha of Sankara,
while 8ankara's commentary on Paficabodha (1I) is not noticed. Certain other
works, viz Bhagasangraha, Pradnasara and Karanasara have also been
ascribed to our author. bur they do not appear to be his works. Of these;
Bhasasangraha is a commentary by ‘' #sudeva on‘ Muhurtapadavy V and the
Praénasara and Karanasara are the works of different authors named

Sadkara. A detailed study on the identification of Saakara's works is being
presented by the present writer elsewhere,
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dhdrthadarpana, Sankara is also reputed to have composed a ‘Register
of muhiirtas’ for a 1000 years.!

33, Madhava of Iiicakkazhva (c. 1500-75) : Madhava II

Madhava was a member of the Namptiriri family of Ificakkazhva
in Ramamangalam in the Muvattupuzha Taluk (Dt. Kottayam). He
composed his Prasnasara in A.D, 1543, in 16 chapters, based on
earlier works like the Hora, but incorporating in it numerous
local practices. The work is historically significant for it provides
the names of several contemporary astronomical and astrological
authorities like Nilakantha Somay#ji of Kelallir, ParameSvaran Potti
of Viazha-maveli, Attimattam, Vakkat, Psallimattam, Mecceri,
Koyikkara and Aranappuram,?

39, Acyuata Pisarati (c. 1550-1621) : Acyuta II

Acyuta Pisarati of Trkkantiytir (Skt. Kundapura) in South
Malabar, was a varsatile scholar and original thinker on astronomy.
It was he who enunciated, for the first time, in Indian astronomy,
the correction called ‘Reduction to the the ecliptic’, ia his work
Sputanirnaya (before A D. 1593) and set out its rationale, elaborately,
in his work Rasigolasphutaniti.’ As pointed out earlier, (see above
pp. 12-14), this correction was first introduced in Western astronomy by
Tycho Brahe, at about the same time, Acyuta was a protege of King
Ravi Varma of Vettattunad (Skt. Prak3savisaya) and was the teacher
of the renowned poet and grammarian Melputtir Néarayana Bhatta,
who, in the carama-§loka which he composed at the death of Acyuta,
expressed the date of the latter’s demise in the chronogram, vidyatama
svar asarpat (17,24,514), which falls in A.D.!621. Acyuta has
composed about a dozen works on Jyotisa, including Karanottama,!

1. On Sankara, see Kottarattil Sankunpi, ‘Muzhamangalattu Nampuri’,
Aitihyamala 1V, (4th edn., Trichur, 1958), pp. 89-93: Raja, 155.56:
Ul I1. 260.72, 469.75; Va. II, 613.22; Ulloor, Vijnanadipika, (Trivandrum),
IV, pp. 187-95.

2. On Madhava see Ul. 1I. 475.77. R. Narayana Panikkar (II, 234.35)
wrongly describes Madhava's Pradnasara as a commentary on the well-known
Praénamarga. It may be noted that the Pradnamarga was composed in 1650,
more than hundred years after the composition of Pra#nasara (1543).

3, Ed. by K.V. Sarma, Adyar Library, Madras, 1955.
4. Ed. by K. Ragahvan Pillai, T§S, No. 213, Trivandrum, 1964,
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on astronomical computation, in five chapters, Uparagakriyakrama,l
and myarzzgaviri@.éac‘i2 on eclipse computatlon: Chaydstaka on shadow
computation and Jatakabharana (7) and Horma‘raccayah_ on ho;oscopy;
He has commenied on the Venvaroha of Sangamagrama Maiadhava,

; . 4
. own Sphutanirnaya and Karanottama.

40, Nilakantha (16th-17th cent.) : Nilakantha 11
Nilakantha 1I, about whom nothing more is known, is the

author of a comprehensive treatise on arithmetic, entitled Kanakku-
saram, couched in manipravalam verses in Malag.ralanl and a commexf-
tary thereon. The author claims to have based his work on Sanskrit
texts like the Lilavarl and old Malayalam texts like Kanakkatikaram.
It is notewcrthy that, besides the general mathematical procedures,
this work deals also with practices relating to local grain transactions,

housebuilding, weighing of gold and silver, land tenure, masonry,
ground measurement etc.’

41. Narayana III

Laghudarsini, a short work on astrology, is the work of a
Nariyana, about whom nothing more than his name is known at
present.

42. Damodara II of Mangalaéreni (c. 1575-1675)

In Damodaran Namputiri of the Mangalaé$eri house in Kannatips=
parampu in the Chirakkal taluk in N. Malabar, we have a reputed
authority in astrology, of the times. His disciples included
Itakramaficeri NampUiiri, author of Bhadradipa and the anonymous
author of Jyotigasangraha (11), noticed below, Vatakkumkiir mentions

1. This work. in four chapters, contains 130 verses, and not 20 as
stated by Raja, 161,

2. Ed. by Rama Varma Maru Thampuran, Ravivarma Granthavali,
(Quarterly of the Skt. College, Trippunithura), 2 (1954) i-iii, 16 pp.
3. Ed by K.V, Sarma, with text, Skt. College, Trippunithura, 1956.

4. On Acyuta, see, S. Venkitasubramonia Iyer, ‘Acyuta Pigirati and his
works', JJi. Or, Res. 22 (172-53, 40-46: K.V. Sarma, Intro. to his edns, of

Raéigohsphu;iinita‘ and Venvaroha, op. cit.: Raja, 158.62; UL II 319.26;
Ul Sup. L. 315; va. IL. 748-57.

3. On Nilakantha, see UL 1L 478-79 ; UL Sup: L. 226-27 } Va: IV, 276.
Ker, Astro. 9
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two of his works, viz,, Prasnarizi () and Lilavati-vyakyn, which, he
adds, have been popular. Manuscripts of these works have, however,
yet to be identified,}

43. Itakramaficeri Namputiri (c. 1625-1700)

He is author of Bhadradipa-ganita (A.D. 1665) but prefers to
remain anonymous and refers to himself only by the name of his
family, viz., }takramaficeri (or Etakramaiiceri), He mentions his native

place as Perumanlir in Malabar and his teacher as Damodaran
Namputiri® of the Mangaladéeri family. In eleven chapters, couched
in easy Sanskrit-Malayalam verses, he provides the layman with the
elements of astronomical computation. A shorter work entitled
Bhngolafiayam, composed in the same style and devoted to a
devscription of the earth as suspended in‘the atmosphere, its main
landmarks, the conmstruction of the armillary sphere etc., has much
in common with Ch, V of the Bhadradipa and is likely to be another
composition of our author.3

44, Mangalasrenivipra-Sisya (17th cent.)

Aun author, who does not give out his name and describes himself
as a pupil of 2 Nampttiri of the Mangalas§eri family, has composed, in
Malayalam, a Jyotisasangraha (Il), The Managala§Seri Namputiri in
question is very likely to be the same as the Damodaran Nampitiri,
author of Pragnariti I and teacher of Itakramaticeri Namptiri, noticed
above,

45. Panakkatta or Itakkatta Nampitiri (c. 1625-1725)

The Prasnamarga, the most popular and authoritative work
on prasna in Kerala, was composed in ahout A.D. 1650 (cf. kolambe
‘muraha’-sankhye, M.E, 825) by a Namplriri of the Panakkdttu family.
Since his family was situated in a place called Itakkat (or Egakkat)
(Skt. Madhyatavi or Madhya-anya), in North Malabar, hs was known
by that name as well. K. Mahadeva Sastri givas the name of the

1. On D#modara, see Va. I1I. 373.79,

2. Va.IIl 373 takesthe word 'Demodara’ occurring in the Intro., verse 2 of
the Bhadradipaganita asthe author’s name on the basis of the wrong reading

‘Damodaro’, instead of that of his teacher, as per the correct reading ‘Damodaram’,

3, On this author, see Ul 1lI, 232.34,
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author as Parameévara, on what grounds it is not known.? The author
gives the name of his parents as Mahideva and Sri. In 32 c!:aptcrs,
the work presents a detailed exposition of tlfe diﬁ‘sren.t tOplCS‘a-ﬂd
types of pratna. The author bas also supplied a lucid exposition
called Durgamar:hapradarsini on the work. It has several commen-
taries in Malayalam also, includivg some produced during modern
times. Panakkatiu Nampltiri is said to have composed in 1676
a work on astronpomy, which is not available now.?

46; Itakkattu (or Etakkattu) Kukkaniya) (c. 1673-1750;

The personal name of this author seems to be Sankaran
Kaniyar. He belcnged to the house of Kaniy@nkanti in Etakkat
in North Malabar and studied astrology under Papakkattu Nampiitiri
In later life, he came under the influesce of a Yogiand spent his
life in meditation. His Prasnariti® in 20 chapters is very popular
among astrologers of the Kaniyar caste. In its first twelve chapters,
it is a free metrical rendering in Malayalam of his teacher’s Prasnamarga
and deals, in the remaining cight chapters, with other allied and
miscellaneous matiers.!

47. Rama-sisya (17th cent,)

Manascripts of a free explanatory rendering, in Malayalam
_verses, of the Laghujataka or Laghuhora of Varahamihira, called
Laghuhoravivaranam have been identified. The author does not reveal
hi_s name but mentions his teacher RZma and the date of composition
of the work, viz.,, AD. 1640. The author says in the beginning of the
work that he had already composed a Horasara in Malayalam,

possibly a frec explanatory rendering, like the present work, of
the Hora.

48. Purusottama 11 (c. 1650-1725)

) A unique manuscript of the Upardgapariccheda of a Paficabodha-
sataka (Paficabodha V) is known. In 47 verses, this section of the work
sets out the computation of solar and lunar eclipses, using its own

—————

1. See his Des. Caia. of Skt. Mss. in the Curator's Office Library, Trivandrum,
vol. IV, (Trivaudrum, 163%), p, 1539,

2. On Panakkattu Namputiri, see UL 111 87-89 : Va. IIT. 400-5.

3. Ed, serially in the Kavanodayam (Mal. monthly, Kozhikode).

4. On this author see UL ITL. 236-37 ; Ul. Sup. I. 536 ; Va. 111.405-6.
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revised multipliers, divisors and other constants, For the calculation
of the precession of the equinox, it mentions the epoch praudhasri-
gunasevya (17,53,242). This date works out to A.D. 1699 and gives a
clue to the date of the author.!

49, Putumana Somayaji (c. 1660-1740)

The Karanapaddhati® in ten chapters, is a comprehensive treatise
on astronomy by an anonymous SomayZfji of the Putumana or Putuvana
(Skt. Nttanagrha or Niutanavipina} family of Sivapuram (Trichur).
The availability of manuscripts of the work in Tamil and Telugu
scripts indicate its popularity in those regions as well, The work
has been commented in Malayalam,® Sanskrit and Tamil, [ts date of
composition is said to be given in the concluding verse of the work by
the chronogram ganitam etad samyak (17,65,653) which falls in A.D.
17324 While Karanapaddhati is the best known work of the author in
Jyotisa, it has been shown that he has written certain other works
also in that discipline.’ In Nyadyaratna, he deals, in eight chapters,
with certain aspects of Sphuta, Viksepa, Chaya, Viparitccchaya,
Grahana, Srivgonnati, Maudhya and Vyatipata. The object of writing
the work is expressed in its concluding verse thus :

nydyapradarsanayaivam  ganitesvalpacetasam |

ganitabdhau nimajjyaitat Nyayaratnam mayoditam ||

‘This Nyayaratna has been composed by me by delving into the depths
of astronomy for demonstrating astronomical rationale to the dullwitted.’

1. On Purusottama, see Ul Sup. 1. 224-25.

2., Ed. TS8S, No. 126, (Trivandrum, 1937); with two old Malayalam
commentaries, Madras Goyt. Or. Ser., No 98, (Madras, 1956) ; with a modern
commentary by P.K. Koru, (Astro Press, Cherp, Kerala, 1953).

3, See fn, above.

4, Some scholars like Ulloor (II. 107-8) and Vatakkumkar (I.529-30) have
held that this work was written in A D. 1430. For a refutation of this view
and for conclusive evidences for a much later date, see K. V. Sarma, ‘The date
of Putumana Somaysji’, (Mal.). Mathrubhumi W, {Kezhikode), 5. 2. 1856, It
has also been argued that the said chronogram, which according to the tradition
recorded by Whish is the date of composition of the work, may not be so.
However, in view of date indicated by the evidences set out in the said paper,
there is no incongruity in believing the tradition.

5. On these, see K. V., Sarma, '‘The hitherto unknown works of Putumana
Somay&gji' (Mal.), Mathrubhumi W, ib. 29.1.1956.
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The Nylyaraina occurs fin two versions, w‘hich differ slightly by the
presence Of absence of certain verses anq in the arrangement thereof.
The Ver_zvarohﬂsgaka of Putumana Somay&jl is 8 man'ual ffr the accurlatee
determination of the moon at short intervals. His Paficabodha 1111 is
a practical manual for the computation of Vyatipaia, Grahana, ‘Chaya,
$rigonnati and Maudhya. Grahanaganita 1V commences with _the
cﬁaracteristic introductory Verse of Putumana Somaydji, vzz.,_ madiya=
hrdayakase etc. and so is likely to be his work. So also Grahc.n_ms.taka II,
“;hich, though & self-contained work, forms a part of the sa}d' Graha:_?a-
ganita. XK. Rama Varma Raja makes mention of a tradltlop w.hlch
att;'ibutes to our author a work called Mdnasaganitam.? This 18 likely

- to be the Malayalam commentary on (Laghu)manasa which has now been
identified and whose introductory verse contaias words reminiscent
of Putumana Somay#ji’s expressions. ‘1n horoscopy, he wrote the highly
popular Jatakadesa(marga)® which is known in two recensions, both
of which might have beer written by him.4

50. Visudevésvimi: vasudeva I

vasudevasvami, who describes himself as a devotee of Vispu,
is the author of a treatise entitled Kaladipa, dealing, maialy, with
natural astrology. Itis preserved in a unique manuscript procured
‘from the Punnatturkotta Mana, Kottappati, in Malabar. It is a
comprehensive treatise dealing with a wide range of topics, which
the author enumerates towards the beginning of his work.’

51, Syimalavirat_narﬁja

The Kaladipa of Visudevasvami has an elaborate commentary
which gives the name of its author as Syamalavdranarzja. The

Se——————

4
1. Included in the Jyotiddastrasubodhini, Pt. II, by Punnaadderi Nilakantha
éan{ﬁ- (Triééivaperur, M. E. 1104) and in Padicabodham Bhasa, ed, by
Kanippayyoor Sankaran Namputirippad, Kunnamkulam, M.E. 1107

2. ‘The brahmins of Kerala', Jl. of the Royal As. Soc., 1910, p. 635.

3. Pub,, Panchangam Press, Kunnamkulam, 5th edn., M:E. 1125; A.R.P.
Press, Kunnamkulam, M.E. 1105,

AL :.dVOn Putumana Somay&ji. see K. V. Sarma, ‘Putumana Somayaji', Proc.
Ka- ndia Or. (?onf., 18th Session, Annamalainagar, 1956, pp. 562-64 ; Intro. to
ranapaddhati, op. cit., (Madras). pp. xxi-xxxi: Raja, 162-65; UL IL. 107-9;

Ul Y] , )
Sup. 1. 212-15; Va. I, 529-31; A.K.Bag. ‘Trigonometrical series in the

Karanapaddhati, etc.’, Indian J1. of Hist. of Sc., 1 (1966) 98-106.
5. On Kaladipa, see Va. I11. 392.94.
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name is obviously the Sanskritisation of the author’s Malayalamn name.
Since he describes himself as a ‘r@ja’ and a manuscript of the work
has been found only in in the palace of Punattlirkotta, it is likely
that the author is a member of that household.!

52; Damodara of Bharadvaja-gotra : Damodara II1

He was a Nampiutiri who hailed from a village east of Trppa-
rannot in Malabar and was the brother of Ke$ava, who was also
his teacher. Two earlier scholars of his family were Yajiia and Yajiia’s
son Damodara. The Muhartabharana of our author is an exhaustive text
in nice chapters, devoted, respectively to : definiiions, merits of neutral
times, demerits of baneful timss, merits of auspicious occasions,
comparative potencies, auspicious times for: (a) religious functions
beginning with niseka to marriage, (b) agriculture, consecration etc.,
(c) royal installations and (d). miscellansous functions. A special
distinction of the Muhartabharana is that it provides very readable
peetry from a deft-handed poet.?

53. Krsna Il

The Aryabhatiya has a commentary in Malayalam by an author
whom its only known manuscript (India Office 6273) labels as Krgna,
He is different from Krsnadadsa, another commentator (see below),
as shown by the difference in the beginning of the two commentaries.

54. Keraliya-dvija

An author who calls himself merely as Keraliya-dvija and does
not give out his real name has written a good Malayalam commentary
onthe Karanpottama of Acyuta Pisarati. No personal detail is known
about this author.

55. Govinda-Sisya

There is an anonymous author who describes himself as a devotee
of Lord Siva at Vaikkam (Skt. Vyaghra-grama) in Central Kerala and
as a pupil of Govinda. He has composed an elucidatory and highly
popular commentary called Balzbodhini or Balaprabodhini on the

A ——

. On Kaladipavyakhya, see Va. III 393,

2. On Damodara, sez Ul II. 105-6 ; UL Sup. L. 210.11 ; Va. L. 383, Va’'s
equating our Damodara of the ‘BhAradvaia gotra’ with Damodara of Vatadreni,
who belongs to the ‘Bhargava gotra® fis, obviously, not correct. So also his
suggestion that Kesava was the father and not the brother of Damodara as found
in the original manuscript of the work,
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Jatakapaddhati of ParameSvara of Vatasreni, His teacher Govinda is
identified, generally, as Govinda Pisarati of the Kailasapuram house

near Vaikkom.!

56, Venad-brahmana

The Jatakodaya is a succinct work on astrology in 103 verses,
whose author does not give out his name, but styles himself as a
brabman of Venad.? Venad,as is well kaown, is the name of the
southera part of the erstwhile State of Travancore in Keralg.

57. Azhvaiiceri Tamprakkal (c. 1725-1800)

The painstaking enterprise and zeal for propsgating, among the
Nampfitiris, studies on Jyotisa, evinced by a member of the Azhvaiiceri
Tamprakkal’s family is apparent from his seri,s of adapted texts and
extensive ccrmmentarics thereon, covering tire entire field of astronmomy
and astrology in eleven books. In the penultimate volume of the said
works, viz., Phalasarasamuccaya-Bhasa, while setiing out his objectives,
he makes a mention of his earlier works : “In the Malayalam area, those
who are not eligible to learn Jyotisa study it. And, brahmanas ask them
about muhurta, prasna etc. Since neither of these is proper, I,- with
8 view to change this state of affairs through making the brahmanas
learn Jyoti§dstra, summarised the most essential matters thereof
in the Jyotissastrasangraha and, also prepared a commentary in

‘Sanskrit-Malayalam on this Sangraha, Later, in order to enable the
understanding of the working of the matters set out in the Sangraha,
a Sangrahasadhanakriya was written and zlso a Malayalam commentary
thercon. Then I compiled the Jatakasaresangraha and its Malayalam
commentary. Then, in order to be of help in the drawing of horoscopes,
I wrote the Jarakanitimarga and a Me layalam commentary on it. Later,
with a view to enable an understanding of the results of astrological
aspects, 1 compiled the work entitled Phalasarasamucca ya. Now,
l'am writing the present work, being its Malayalam commentary,”
The Jyotisiastrasangraha is a résumé on the essentials of practical
astronomy and estrology (text, 650 granthas ; Bhasa 1700 gr.) is
intwo parts: 1., Siddhantaskandka or Ganitaskandha, on astronomy
and II. Horaskandha, comprising of Muhurta, Jataka and Praéna.
The Sangrahasadhanakriya (text, 150 gr. ; Bhasa, 600 gr.) is intended to
indicate the working of the matters set out in the J yotistastrasangrahe .

——

1. On this work see, ULITL $9.90 ; Ul Sup. I. 464 ; Va. III. 382.t3,

% The actual expression is ; dvijena...dvi (?) Vendjikadedajanmana.
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The Jatakasdrasangraha (text, 230 gr.) in six sections and the
Jatakanitimarga (text, 200 gr. ; Bhasa, 1300 gr.) in fourteen sections are
complementary texts on horoscopy. The Phalasarasamuceaya, the
author’s magnum opus, (text, 1300 gr.; Bhasa, 21,000 gr.), is an extensive
work in three sections, devoted, respectively, to Jitaka, Prasna and
Muhtirta. The Tamprakkal wrote also a detailed commentary called
Tamprakka] Bhasa in Malayalam on Muhurtapadavi 11.1

The author does not give out his personal name anywhere in his
works, but gives his family name, viz., Azhvaiiceri Tamprakkal.? Some
of the manuscripts of his woiks are dated. The earliest of these dates,
viz., A.D. 1756, which is possibly, the date of composition of the work,
occurs in a manuscript of Ganitasarasangraha Section of Jyotisiastra-
sangraha, Kerala C, 2183-1, This provides a clue to the author’s
date, which might be put as ¢, 1725-18C0.

58, Vasudeva of Vallimana : Vasudeva II

Vasudeva hailed from Kannamangalam and wrote a metrical
commentary on a hitherto unrecognised Muhirtapadavi (V) beginning
with the words cakrardham mrtivaidhrtam ca gulikah. Two versions
of this commentary, which is called Bhasasangraha, dre known, one
in 178 verses and the other in 185 verses;?® to all appearances,
Vasudeva himself has effected this revision.*

59, Tuppan Nampitiri of Itavattikkat (c. 1725-1800)
Tuppan Nampautiri was a member of the Itavattikkat family of

1. Pub. Keralakalpadruman Press, Trichur.

2. One of the ms. Jyotidéastrasangraha-Bhasa (Kerala C. 2197-A) has the
name of Kaypaficeri Tamprikkal mentioned in the post-colophonic statement,
though, without being ‘specifically’ stated as the author,

3. Cf. the concluding verses of the two versions @
i. ‘dasakrt’ (178) élokasankhys ca Vasudevena nirmita |

Valiir'nanru grham, dedam collinri Kannamasgalam /[ and

ii. *mandayuk’ (185) slokasankhya ca Vasudevena nirmita |

Vallimanru grham, dedam collinru Kannamangalam [/

4. Ulloor, inconsiderate of the content of this work and the colophon
(as apove) at the end, wrongly takes (Ul II. 272, 473) this work as an independent
treatise and ascribes it to Sankara of Mahigamangalam on the basis of a
superficial similarity of its introductory verses with those in the works of
Sankars,
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pankode in Kunnathunad taluk, Dt. Kottayam, and was patronised
by Maharaja Rama Varmd, surnamed Dharmaraja, of Travancore. He
:as also a poet of some mierit, His work on Jyotisa is Muhurtapadavi

V1, in 40} verses.’

60, Narayana of Itavattikkat {c. 1728-180%) : Narayana 1V

Narayanan Namptiri of Itavattikkay family was the y{)u[?gef
brother of Tuppan Namputiri and was, like his brother, pa-—tromsed
by Dharmaraja of Travancore. He too was a poet of n:icflt' both
in Sanskrit and Malayalam and has left some exquisite writings, He
wrote in Jyotisa Muhartapadavi Vil in 36 verses.?

61. Parameévara Il

The Prasnasatpaficasika of Prthuyasas and the Hora of
Varghamihira have concise commentaries called Paramesvari by a
Paramecévara who has to be distinguished fro: his namesakes. In the
commentary on the Hora, which is also called Horabhiprayanirnaya,?
Paramsévara often adds his own explanatory verses in elucidation
of the text,

62. Paramesvara, pupil of Saikara : Parsme$vara IfI

The Hora of Varahamihira has a commentary called Jaraka-
candrika or Visvarihadipini by a Parame$vara who describes himself
as a disciple of a Sankara, but about whom nothing more is known.t

63. Bharadvaja-dvija (c. 1750-180C)

An astronomer who calls himself merely as Bharadvaja has
composed two important works, viz., (1) Ganitayuktaysh which sets out
the rationale of several mathematical and astronomical procedures
and (2) Karanadarpana, an advanced mancal for astronomical
computation. The former work cites frequently a ‘Bbasyakara’ who is,
obviously, Nilakantha Somayaji, Jyesthadeva, the author of Yuktibhasa,

L S,

1. On Tuppan Nampttiri, see UL IIL 470-76.

2: On Narayana, see Ul. III. 479.76,

3. Ed. by K. Raghavan Pillai, TS8, Trivandrum, 10¢72.
4. On this author, see Va. II1. 204, *

Ker. Astro. 10
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and Nydyaraina, mosi probably, the work of that name by Putumana
Somayaji. The Karapadarpana has been commented in Malayalam.

64. Narayana of Perumanam: Narayana V

Nardyanpan Nampitiri of Perumanam village, near Trichur, is
the author of an astronomical treatise entitled Tantrasara. There
is also a Malayalam commentary available on the work.!

65. Krsnadasa (Koccukrspan Asan) (1756-1812)

Koccu-krsnan As$an was born in the family of Netumpayil
in the Tiruvalla taluk of Kerala, as the son of an erudite
astrologer named Raman A$Zn. He studied Jyotisa under his father
as also under Sﬁlapagi Variyar of Kozhikode, He came of a
long line of astronomers and astrologers and had several disciples
who continued that tradition.? He was a great devotee of God
Krsna and was a poet with several works to his credit. His works
on Jyotisa, all intended for the novice, include Pasicabodha Vill,
in Malayalam verse, Bhagajatakapaddhati, being a free rendering-cum-
commentary of the popular Jatakapaddhati of Paramesv:ra of Vataéreni,
incorporating several matters not deait with in the original3
Kanakkusdstram presenting mathematical procedures in Malayalam
verse and a Bhasa-Golayukti which he mentions in his Bhasajaraka-
paddhati as a work which he intended to write but which yet remains
to be traced,

A hitherto unknown work of Krspnadaisa is a commentary in
Malayalam prose on the Aryabhatiya. The commentary is elucidative
and quotes several aunthorities including Bhaskara 1, Laghubhaskariya,
Sangamagrima Madhava, Parame$vara of Vataéregi, Karanapaddhati
and a Praekasika which remains to be identified.* A Malayalam

S tre—

1. On this, see Raja, 153.
2. Vide above, pp. 5-6.

3. Ed. by K. Sankara Menon, Bhagajatakapaddhati, Sri Vanchi Setu Lakshmi
Series, No, 3, Trivandrum,.1926,

4, The relevent quotation occurs in the com.on Gitikd 5 and gives the
number of Kalpa days up to the beginning of Kali: Prakadika enna granthattil
varttamanakaliyugattil ninnu munpu atitannalaya kalpadivasannal ‘daradvisathha-
dridaradrivedakytesuyugmasvara-sammitah syat’ ( 7,25,44,75,70,625 ) ennu
paghikkappettiffumuniu.
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quotation from Parame§varal poses a problem, for all known works
of Parame$vara are in Sanskrit. Possibly, Parameévara has written
also in Malayalam or the passage in question is only a view of
Parame$vara expressed in Malayalam.?

66. Saikara of Muktisthala (17th cent.) : Sankara IV -

This author was a Namputiri who hailed from Mitkkola
(Skt. Muktisthala) in North Malabar. He refers, in his works, to
Narayena, his teacher on Jyotisa, and to his patron, the Zamorin of
Kozhikode. In his Mantrasara, he says that the name of his house was
‘Rajakule’ (Mal.? ) and that he imbibed his knowledge in mantrasastra
from Damodara, son of Nilakantha of the Bharadvaja-gotra, who
belonged to Kundapura (Mal, Trkkantiyur).? He wrote, on natural
astrology, the Samudrasara, called also Arndhaprasna and Lafichana-
¢astra, a comprehensive work which dealt with omens, palmistry,
astrologigal query efc. He is the author also of another work, in
Malayalam manipravala verses, tentatively entitled Ayuhprasna, but
dealing, besides Ayus, with Astamangala, trisphuta, visti etc.t

67. SaikaraV

A Sankara, about whom little personal details are available,
is the author of two works, entitled Jarakasara (I1I) and Prasnasara
(D).5 Both are in Malayalam prose interspersed with Sanskrit verse
and have four chapters each, The former deals with the main topics
of practical astrology starting from the drawing of a horoscope, and
the latter with astrological queries relating to age, marriage, children

and profit and loss, He is, probably, the author also of Prasnanusthana-
paddhati, which occurs in two versions, I and 1f,

A— i S——

1. Cf.: ‘ivite yojanakarnam candrante madhya-yojanakarnam akunnu’

enninnane Paramedvardcaryar parafifiiffumuniy.

2. On Krespadasa, see Ul 1II. 519-27 ; UL Sup. 1. 647.48 ; Va. IIL 384.85.
3. Yor extracts, see Va, 11, 719,

4. On Sankara, see Ul LT, 86.87; Va. II. 718-23.

51

Ulloor does not notice this Jatakasara, which is different from its

namesake by Sankara of ‘Mahisamangalam'. Of Prasnasara ]I, Ulloor (1L, 473)

takes Mahisamangalam Sankara as the:author. Thisis unlikely, for this work

do . .. )
es not bear any of the characteristic mudras of the Mahiyamangalam author,
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68, Bhﬁtaniitbapura-Somayﬁji

An anonymous Somayaji of Bhu:anathapura, who was a disciple
of Vaidyen&tka has composed a comprehensive work on astrological
query, entitled Prasnasara (111),

afa, about whom nothing more is known titan his name,
eposed a commentary in Malayalam to the Prasnasara LI of
tanathapura-Somay#ji.

70. Srikumira, son of Nilakantha

Srikumaran Nampfitiri, son of Nilakantha and pupil of Nardyana,
is the author of Prasnamyta, a succinct work on astrological query,
The author is good at versification and writes in a pleasing language,
He menticns his village as ‘Dvipakinana’ (? Mal. Anakkat), -

71, Naraygnan Teyyztu of Maccat (1765-1843) : Narayana VI

Narayanan llayatu was a member of the Chantampilli family
_in Maccdt near Cochin. He was a gifted poet, author of severa]
poems in Sanskrit and - Malayalam and a resourceful astrologer
whose predictions have developed into legends.! He was patronised
by the royal house of Cochin, especially by Saktan Thampuran., In
Jyotiga, he wrote tha Jyotisabhasavali, callad also Maccattu-Bhaga,
being an introduction to astrology, and the Jatakadesaratna,® based
on the Jatadadesamarga of Putumana Somaydji.?

72, Paramegvara of Puradahanapura (c. 1775-1839) : Parameévara IV

Parame§vara, disciple of Agnidatta, was a member of the
Nampiitiri  family of Purayanntir (Skt, Puradahanapura), in the
Valluvanat taluk of South Malabar. He was a pset of merit and is the
author of iwo long poems in Malayalam. His significant contribution

L

1, Several of these feats are described by Puthezhathu Rama Menon in his
book Saktan Thampuran, (Mangalodayam, Trichur),

2. Manuscripts of this work are yet to be recovered, but the work 13
referred to by Purusottama 111, the grandpupil of our author, in his Pradnayana,
1IL.19, VIII 88, XV. 41.

3. On Nartiyana, sce Kuttamadderi Narfiyana Pish&roti, ‘The works of
Maccattu Hayatu® (Mal.), Sahitya Parishat Traimdsikam (Ernakulam) 9 (M.E.
1119) 130-31, UL III 527-29; Ul Sup. 1.618.49; Va. IV, 216.21.
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to Jyotisa is his commentary Varadipika, composed, in A.D, 1815
(cf. sna]adhi’-sar‘zkhya»kolambe, M.E. 990), on the Muhurtapadavi 11
of Mittr Purugottaman Nampfitiri. This commentary is highly
elucidative, profusely documented and extremely elaborate, in 2009
granthas for a text of 35 verses. Cree of the important works quoted by
Parameévara is the Pracina-Muhurtapadavi (Muhnrtapadavi 1}, supposed
to have been written by Govinda Bhatgatiri of Talakkulam.!

73, Srikantha Viriyar of Veuﬁrakkiigl

The popular Jatakapaddhati of Paramesvara of Vatasreni hasa
lucid commentary in Malayalam which has been made available in
print in 2 slightly adapted form by Kanippayyoor  Sankaran
Namputirippad.? The edition contains a verse, carried over from the
original manuscript, to the effect that it was written (likhitavan) by
Brikantha, a ‘devadasa’ of évetagrﬁmﬁtavi (Mal. Vellarakkad), It is
not definite, however, whether Srikantha was only the scribe or the
real author.

74. Ghatigopa (c. 18C0-60)

Ghatigona, which is, presumably, not his real name but only the
Sanskritisation of his personal or popular name,? calls himself a disciple
of Paramecévara and a devotee of God Padmandbha. the presiding
deity of Trivandrem. His contributicn to astronomy is in ths form
of two commentaris, one in Sanskrit and the other in Malayalam,
on the Aryathatiya. The commentary in Malayalam occurs in two

1, On Paramesvara, see Ul. 111, 476-77 : UL Sup. L. 627 ; Va. IL 635-12,

2. Pub. underthe title Balapindavum @yurdayavum, Kunnamkulam, M.E,
1102 (A.D. 1927:.

3. The South Indian village accountant is called Maniyakkaran . this term,
Wh?':h can be rendered, literally, as ‘clock-man’ could give rise to the Sanskriti-
sation ‘Ghatigopa’. To hazard another specific suggestion : Prince Goda
Varma Koyittampuran (1810-60) a member of the scholarly family of Kilimanoor
and a resident of Trivandrum, had the distinction of constructing, all by himself,
& clock, and, thereby, getting as present a geolden bracelet from the reigning
ruler of Travancore (UL IV.57 . RNP V.21). Following this achievement, he
gained the popular appellation ‘Manikkaran Thampurin' (‘Prince of the clock’).
This prince was also a good astronomer., Can it be that he composed the
commentaries on the Aryabhatiya under the Sanskritised version of his name
‘Ghatigopa’ ? In that case, the date arrived at on the basisscof internal

evidence (see below) and the author's being a devotee of G-d Padmansbha, wculd
fit in well,
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distinct versions, the longer one being nearly one and a half times in
extent as the shorter, In the shorter version, under Kalakriya 4,
Ghatigopa gives the rationale for the 248 candra-vakyas. An indication
of his date is given by his mention of Putumana Somay3ji’s
(1675-1750) Paviccbodka, Chayakkanda 20, in the said shorter version
of his commentary. Ghatigopa might, for this reason, be palced
after 1800.1

75. Geda Varma, Vidvan Naya Tamperan (18(0-51)

Among the renowned scholars and patrons of literature produced
by the scholarly royal house of Kotungalliir, near Cochin, Goda
Varmi, better known as Vidvan ] laya Tampurzan, occupies a place in the
front rank. He was a versatile scholar and has. written profusely,
both in Sanskrit and in Malayalam, In astronomy he has produced
erudite commentaries in Sanskrit on the Ganitadhyaya (Bhaskariya-
ganita) and the Goladhydya of the Siddhanta$iromani of Bhaskara II.*

76. Sabkara Varma of Katattanat (1800-38)

Prince Sankara Varma, known also as Appu Tampuran, belonged
to the royal house of Katattanat in North Malabar. He was an astute
astronomer and his Sadratnamala?® in six chapters, is a compendium of
the Kerala school of mathematics and astronomy. The date of
composition of the work is indicated in the concluding verse of
the work by the chronogram /lokambe siddhisevye (17,97,313), which
falls in A.D. 1823. The author himself has written an elaborate
commentary on the work, which, however, extends only up to verse 32
of the last chapter,s

77. Subrahmanya $astri (1829-88)

Subrahmanya S#str1 was a versatile scholar who hailed from the
village of Nalleppalli in Chittur taluk (Cochin), His erudition extended
to different disciplines, including Jyotisa, Mantragastra, Visavaidya,

————

1. On Ghatigopa, see Ul III. 234-35 ; UL Sup. II. 535,
2. On Goda Varma, see Ul 1V.31.44 ; U). Sup. 11.19.23 ; Va. IV, 315-44.

3. Ed. with auto-commentary, in Kavanodayam, (Mal. monthly, Kozhikode),
vol. 16 (1898),

4. On Sankara Varma, see Raja, 165-66; Sen, 191; Ul. III, 459-501; UL
Sup. I, €35-37 ; Va. 1V. 334.93,



KERALA ASTRONOMERS 79

Music and Dramaturgy, and has, to his credit, several works in Sanskrit,
Malayalam and Tamil, His contribution to Jyotis1 is his Aganita
(A.D 1851) which enunciates procedures to compute the planets for a

thousand years!

Subrahmanya of Kunnattu Mana (1835-1903) : Subrahmanya II

Subrahmanyan Tirumunpu was a member of Kunnattu Mana
of Bhutanathapura (Payyanur) in North Malabar. He wrote a com-
mentary called Bhavaprakasaka on the Muhartadarsana Vidyamadhava.
This commsntary is very exteasive, though it has not grown popular,?

78.

79 Paragottaman Missatu (c. 1850-1900) : Purusottama III

Purusottaman Mussatu of Kuttaletattu Mana is the author of
_Prasnayana,® a comprehensive work in 1018 verses, distributed in
fifteen sections called ayana’s, composed in A.D, 1881.4 The author
mentions, at the beginning of his work, his teachers as Bhaskara,
Sankara, Vahni and Narayana and, at the close, he indicates the
inspiration behind its composition :

Madhyaranyadvijasyad vigalita iha yah Prasnamargo ‘maradaw
kolambe, chatrasisyo *sya ca viracitavan Jatakadesaratnam |
tacchisyasyanumatyd Sthalipuranilayasy ‘Ayanam’ ‘Prasna’ro ’sau

Srpra-desadhivasi vyaracayam aham apy ‘Uttamah Purusanam’ ||

According to this statement, Madhyaranyadvija (Itakkat or Panakkat
Nampitiri) composed his Prasnamarga in the Kollam year marddi
(825=A.D. 1650)° and a grand-pupil of his (identified with Narayanan
Hayatu of Maccat, 1765-1842) composed the Jatakadesaratna. At the
1nstance of a pupil of his from Sthalipura (Mal. Talipparampu), his

———————

1. On Subrahmanya Sastri, see Ul. IV, 292 ; Ul Sup. II. 122.23 ; Va. IV 627
RNP IV, 481-82.

2. On this author, see Ul Sup. L, 540 ; Va. I. 444.

3. Ed. by K. Raghavan Pillai, TSS, No. 223, Trivandrum, 1968.

4. Cf.. Praénayana X. 14, yata ‘rajadhavih’ samah and com. thereon

idanim, ‘rajadhava’ (4982) ity ahparasankhya, samah kalybda, atita{al (Edn.,
op. cit., P.176). Kali 4982=A D, 188].

5. On this, see above, p. 66 § 45.
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grand-pupil' Purusottama, who hailed from Srprade$a (Mal, Typraydier )
composed the Parsnayana, The work has a succinet commentary
included in the edition of the work, which, too, to all appearances, has
been composed by the author himself 2

80. Rama Varma Koyittampuran (1853-1910)

Rama Varma of the royal house of Gramam was a scion of the
principality of Parappanat which took refuge in Travancore when Tipu
Sultan of Mysore invaded Malabar ia 1807, H2 was a versatile scholar
and author of several literary works, He studied Jyotiga under Prince
Ampurajd at the Chirakkal Palace in North Malabar and composed,
in that discipline, the Jyotisapradipa, an instructive introduction to
astronomy.3

31, The later phase

Among later scholars who continued the tradition of Jvotisa and
who, by their expositions and interpretations, helped to sustain and pro-
mote astronomical and astrological studies in the land, a mention might
be made of four important names: (1) Rama Variyar of Kaikkulangara
(1833-97), author of Samudrikasastra and Gaulisastra and commentator
of Hora and Prasnamarga ;* (2) A. R. Rajaraja Varma Koyittampuran
(£853-1918) who wrote two studies entitled, respectively, Karana-
pariskarana and Paiicangasuddhipaddhati® and J yotisaprakasana,® being

——————

1. Elsewhere also in this work, Purugottama refers to his teacher's teacher
as the author of Jatakadedaratna, Cf., madguror-ériguror vaktraj Jatakadedam
utthitam (II1.39) and Sriman-madgumnathasadgurumukhaj jatah  sphutam
Jatakadedas tena (V1il. 88). The contraction cf Jatakadedaratna to Jatakadesa

in the above references is, obviously, due to metrical exigencies.

2. On Purugottama, see Ul, Sup. I, 225,
3. On Riima Varma, see Ul IV.544.50.

4, On Rama Variyar, see the biography included in P. V. Krishna

Variyar, Manmaranifia sahityakaranmar (Mal.): UL IV, 267-76 i Ul Sap, II.
107-16 ; Va. IV. 587-607.

5. Pub, Trivandrum.

6, Ms. No. 719, Des. cata. of Sht. Mss, in the Curator's Ofice Library,
vol. V, Trivandrum, 1939, pp. 148991,
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an exposition of the Goladhyaya of Bhaskara II;* (3) Vasunni
Missatu of Vellanadseri (1855-1914 ), author of an erudite
commentary in Maiayalam on Paficabodha ;* and (4) Punnasseri
Nampi Nilakantha Sarmi (1858-1935) who compiled a very instructive
manual on astronomy under the title Jyotissastrasubodhini with an
extensive elucidation® and  wrote a Paiicabodhakriya-Bhasa, besides
commenting, eclaborately, on the Camatkaracintamani and the
Prasnamdrga, both published through the Bharata Vilasam Press,

Trichur.*

32, Modern times

It is significant that, even during modern times, compendiums
op astronomy and manuals of computation in Sanskrit continue to be
composed by traditional exponents of the discipline® And, what is
more interesting is that some of the Western advances, corrections and
methods have been duly taken note of and appropriately incorporated
in the Sanskrit texts and elucidated in the Malayalam expositions, in
these works.®

it

o 6;' On Rejaraja Varma, see Ul V.701-827; Ul Sup. Il. 43¢-49; Va. VI

2. On Vasuppi Mussatu, see Ul IV, 698-703; UL Sup. II. 373.76.
3. Pub. in 2 parts, Trissivaperur, M.E. 1097, 1104 (A.D. 1922, 1929).

4. On Nilakagtha Sarma, see UL V. 9
11 . . V. 964.70 ¢ ) . .
192.204. 70; UL Sup. IL 500; Va. V.

(2nd5'ed:ee'ch-); instance, Ganitanirnaya by P.S Purushottaman Namputiri,
P o (Km on, M.E’.‘1127—A.D 1932) ; Ganitaprakasdika by K.V.A. Rama
Poduvaf & annocr, 193(11 and Suddha-Drgganitam by V.P. Kunhikkanna

' ) ayyannur, 1956). All these works are in Sanskrit and are provided
with Malayalam expositions by their authors themselves.

6. ; . .
— See, for instance, the innovations adoptzd in the Ganitanirnaya of
ushot e . . 4
for taman Namputiri, (op. cit.), such as fourteen of the Western corrections
em S L ;
e e 0on, a revision of the traditional astronomical constants in the light of
odern . . k .
the bt fvz;ll;m for the mewn motion of the Sun, sine-tables Rrepared on
o e ellipse instead of i ; .
. the circle and revised mnemo
computations. ¥ emonics for

Ker. Astro. 11



CHAPTER V
A BIBLIOGRAPHY OF KERALA JYOTISA LITERATURE

The Bibliogrphy of Kerala Jyotisa Literature which is presented
here is intended to document information on the manuscripts,
studies and other references to Kerala authors and works in the
allied disciplines of astronomy and astrology. Thz authors and
works, with their dates and other essential identificatory or des-
criptive details, wherever necessary, have been arranged in one
alphabetical sequence, the former being printed in thick roman type
and the latter in bold italics. Since the works whose authors are
known are automatically identified by those authors, the identi-
fication of anonymous works has heen sought to be achieved through
the supply of extracts of the initial lines of the respective works,
Wherever some amplification seemed necessary, that has been supplied
by extracting end-passages and colophons ; this has been done also
to set out hitherto unknown information,

The nature of the contents of the works has been indicated
by adding, after the titles, their subjects such as Astronomy (astron,),
Samhita, Tantra, Karana (kar.), Eclipse computation (ecl), Astrology
(astrol.), Jataka (ja.), PraSna (pra), Muhiirta (muh.), Prognostication,
Natural astrology (nat. astrol.}, arithmetic (arith.) etc. Sanskrit works
are given no special indication to that effect but Malayalam works are
distinguished by the addition of ‘(Mal.)’ after their titles.

Often, different works bear a common name, (e.g. Pajicabodha),
and all their manuscripts are bunched together in catalogues. In such
cases, anattempt has been made to examine the manuscripts and
identify them for this Bibliography and give against each distinct work
the manuscripts relevent to it. Authors or works having a common
name have been distinguished by the addition of I, II etc.,, to their
names. So also the different commentaries on the same work. When a
work does not give its title and therefore a title had to be assigned to
it on the basis of its contents, the fact is geanerally indicated by the
addition of ‘(?)’ after the title. The symbol ‘(?)’ is used also when a
doubt is entertained about any matter. When the Kerala origin of a
work is suspect that is indicated by adding ‘(Ker, ?)’ to it,
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Whenever it was felt that some purpose would be served by
indicating the extent of a work, that has been done by moting the
numbers of its sections or the number of granthas (32 syllables)
jt is comprised of.

The documentation of the manuscripts of works is intended more
as indicatory than as exhaustive. When only a single manuscript or
just a few manuscripts are known, the numbers of all the manuscripts
have been noted. When, however, a large number of manuscripts
of a work are known, the references to the relevent manuscripts
catalogues alone are given or a few manuscripts noticed. Tocomplete
manuscripls are indicated by the addition of ‘(inc.)’ to their numbers.

All the major repositories of Kerala manuscripts have been examinzad,
either directly or through their catalogues of manuscripts, for the work
on this Bibliography. The Kerala University Oriental Research Institute
and Mss. Library, which, now, houses all the Trivandrum collections,
is by far the largest of these repositories and had been most useful in the
present work. In this Bibliography, references to the manuscripts germane
to the Univessity Collection! are given merely by their Ms, numbers,
with no other indication. The numbers of the manuséripts belonging
to the erstwhile Curator’s Office Collection? are prefixed with ‘C’,
those of the Curator'’s Office (Malayalam) Collection,® with ‘CM’,
the Loan Collection with ‘L’, the Maharaja’s Palace Collection,* with
‘P>, the Palace Malayalam Collection,’ with ‘PM’, Transcripts Section
with ‘T’ and Transcripts (Malayalam) Section, with ‘TM’. Of the
other collections, that of the Adyar Library and Research Centre$
is indicated by ‘Ad’, the Oriental Iastitute, Baroda,’” by ‘Baroda’,

1. Alphabetical Index of Skt. Mss. in the Univ. Mss. Library, (Ker.),

Tri.vandrum. 2 vols., 1957, 1965 ; Index of Malayalam Manuscripts, (Ker. Mal.),
Trivandrum, 1951,

2. A Des, Cata. of 8kt. Mss. in the Curator's Office Library, Trivandrum,
10 vols., 1937-41. | '

3. Do, of Mal. Mss:, Trivandrum, 3 vols., 1941;

.4. A Des. Cata. of Skt. Mss. in H. H. the Maharaja’s Palice Library,
Trivandrum, 8 vols., 1937-38.

5. Do, of Mal. Mss., Trivandrum, 2 vols., 1939,
6. Alphabetical Index of Skt. Mss. in the Adyar Library, Madras, 1944.

1930’?’. An alphabetical list of Mss. of the Or. Institute, Baroda, 2 vols., 1942,
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the Government Or. Mss. Library, Madras,! by ‘Mad.’, S.V. Oriental
Institute, Tirupati,® by *Tir,’, the India Office Library, London,® by
‘10’ and the Whish Collection of the Royal Asiatic Society, London,*
by ‘Whish’.  Other public and private collections have bezn indicated
by their full names. The Catalogus Catalogorum of Sanskrit works
and authors (CC) by T. Aufrecht (Leipzig, 3 vols., 1891, 1895, 1903 ;
Rep., Wiesbaden, 1962) and the New Catalogus Catalogorum (NCC),
(Madras University, 1949 ff.) are also referred to when necessary,

-For facilitating general information and further study of
individual works and authors, such details as the editions of the
works, if available, and references to special articles on them are
supplied towards the end of each entry. Besides these, their treatment
in such important sources as Ulloor, Kerala Sahitya Charitram
(Ul), (5 Vols., Trivandrum, 1953-57), Vatakkumkur, Keraliya Samskrita
Sahitya Charitram, ( Va. ), (6 vols., Trivandrum-Trichur, 1938-65),
and Kerala Sahitya Charitram —Chacchayun Puranavum, (Ul. Sup.),
(2 vols., Trichur, 1967-69), R. Narayana Panikkar, Kerala Bhasha
Sahitya Charitram, (RNP), (7 vols,, Trivandrum, nd.-1951), S.N. Sen,
Bibliography of Sanskrit works on Astronomy and Mathematics, (Sen),
(New Delhi, 1966) and K.K. Raja, ‘Astronamy and Mathematics in
Kerala : An account of the literature’, (Raja), (4dyar Library Bulletin,
27 (1963) 118-67), has also been duly indicated. Other relevant
pieces of information also find their due place here.

—————

1. An alphabetical index of Skt. Mss. in the Govt. Or. Mss. Library, Madras,
3 vols., 1918, 1940, 1942,

2. An alphabetical index of Sanshyrit, Telugu and Tamil Mss. in the S.V.Or.
Res. Inst, Library, Tirupati, 1956.

3. A Cata. of Skt. and Pht. Mss. in the India Office Library, by J. Eggeling,
2 pts., Lordon, 1887, 1896 ; and A.B. Keith, 2 pts., London, 1935,

4. A Catal. of South Indian Skt. Mas., (especially those of the Whish
Cellection), in the Royal As, Soc., London, by M, Winternitz, London, 1902,



BIBLIOGRAPHY OF AUTHORS AND WORKS

Awmsakadasanyanam (ja.), (Mal, prose), Anon. 30 gr.
Ms. L. 765-B.

Anmsakaphalavicara (ja.), Anon. (Skt-Mal.), 125 gr.
Beg. guror api ca samvada istadaivatandanam |
kalivikyani lagnam ca stryadyesu grahasphutam /|
Ms., TM. 1109.

Abaradiprasna (pra.), (Mal.), Anon,

Beg. Vilmikirsiproktam Ramabhadrasvami-katha. Sr1. Pragnam.
Ak#rAdi aksaram, 1 pustaka-laksapam kapum prak@ram.
grantham kettikkogtu karyam vicariceu etc,

Ms, CM, 2262.

Aksaraprasna (pra.), (Mal.), Anon.
Ms, See Ker, Mal., p. 1 ; Ad,
Do.—C (Mal,)
Ms, See Ker, Mal., p. 1.

Aganita (kar), (A.D. 1861) by Nalleppalli Subrahmanya Sastri
(A D. 1829-88), enunciating facile methods to read out positions of
the planets for 1000 years.

Ref.1 UL IV. 290, 292 ; UL Sup. IL 122-23; Va. IV, 607;
RNP 1V. 481-82,

Aganitagrahacara or Aganitapanicanga (kar.),’by Madhava of
Sangamagrama, 2000 gr,
Beg. #dityapramukhan khetan vande lokaprakasakan |
Agapitagrahacdre dr§yate rasinirnayah |/1/|
S§akabdat naralokonad raghavair dhitsund kujah |
divylokonanilagrais tattvajfair bhdjito budhah 112}]
Mss, 5955-A, C. 628, T. 280, . |
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Arkanasastra, called also Grahasamaya or Navagrahasamaya
. / .
(ja.), Anon., by a native of Vaikkam, couched in the form of a

dialogue between Vyaghrapada and some sages, in 4 chs., in 425 gr.

Beg. Vyaghrapidam aham vande $esaméena samudbhavam /
pundarikapuredasya padapankajasamsrayam /|
§rpvantu munayah sarve duribam sarvadaivataih [
grahanam samayam hyagre vaksyami matimatratah /|

Ms. T. 206. Ed. TSS, No. 222, (Trivandrum, 1968), Ref. Ul.
Sup. I, 221-22,

Acyuta I

—Devakerala, called also Keralajyotisa, Candrakalanadi and
Candranadi.

Mss. Mad. D. 1377¢-79, R. 853 (a), 3322. Ed. Gov. Or. Mss, Lib.,
Madras, 3 vols,, 1952-56. Ref. See above, p. 46, § 9.

Acyuta II : Acyuta Pisarati, (1550-1621), of Trkkantiyir, pupil of
Jyesthadeva and teacher of Nariyana Bhattatiri ; patronished by
king Ravi Varma of Vettattunad ; had a long line of teachers
and pupils.

—Uparagakriyakrama
—Uparagavimsati (?)
—Karanottama

—C on Karanottama
—Chayastaka
—Jatakabharana
~—Rasigolasphutaniti
—C on Venvaroha of Madhava
—Sphutanirnaya

—C on Sphutanirnaya
—Horasaroccaya

Ref. See above, pp. 12; 64-65, § 39 . K. V, Sarma, Introductions
to his edns. of Rafigola® and Vepvaroha ; S.V. lIyer,
‘Acyuta Pisarati : His time and works’, JOR 22 (1952-53)
43-46 ; Raja, 158-62; Ul 1L 319-26; Ul Sup. I, 315;
Va. I, 748-57.

Adhimasanirnaya, (astron.), Anon.

Beg. : mesAdyaikaikarasisphutagatidinakrtsahkramaikaikagarbhah.
Ms. L, 1229-D (with C, 65 gr.).
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Adhimasanirnaya (contd.)
Do—C (interspersed with Mal), Anon,

Beg. : dvadasamasatmakatvena lokavedaprasid'dhasya Candrasam-
vatsarasyangabhtitinam laksanim aha—mcsadavekaikasmin
rasau sphutagatya.

Ms. : L. 1229-D.

Ayanacalanadiganita (astron)), (Mal.), by $ankara of Mahisa

mangalam.

Beg. tumpa tinkalotu ganga tanneyum etc.
candradhjlagnasammyuktam kollasankhyayutam kramit etc,

Ms. PM. 4026-A. Men. UL 11, 272.

Astamangalaprasna I (pra.), by Rudra 1I (?)
‘ Beg. jayati bhagavan gajasyo etc. [/ 1 //
satyajiianapradayesta etc.
Ref, UL 1L 117,

Astamangalaprasna 11 (pra.), Anon,, prose.
Beg. svasthacitto’pi vittasthah samabhyarcya ganddhipam |
njjan gurlia devatas ca siiryadimé ca navagrahan /I

-..anantaram vilakkum ganapatiyum vaccu astamangalavum
vaccal rasicakram varapptl |

Ms. 3556-C, 13494-K, CM. 565-A. Ref. UL III, 245,

Astamangalaprasna 111 (pra) Anon,, (Mal, pr. and verse), 160 gr.

Beg. dutasvabhivam vacanam pravrttim
sthalam ca tante svaravum svavrttim /

Ms. PM, 4029,

Astamijayantinirnaya (astron), by Pulayapniir Parameévaran
Nampitiri (or Puradahanapura-dvija), A.D, 1810, 300 gr.

Ms. CM. 6-E. Ref. Ul. 111. 476-82 ; Ul. Sup, 1. 220-21,
Astakavarga (ja )

Ms. See Ker., I. p. 43,
DO'—-C- (Mal-).
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Astakavargaprayoga (j8.), (Mal. prose), Anon.
Ms. 60¢5-B,

Astakavargaphalavicara (ja.), (Mal.), prose, Anon 225 gr,
Beg. adityante astakavargattil paral pizhaiyate etc.
Ms., C. 2338-C,

Astakavargopadesam (ja.), (Mal, prose) Anon, 150 gr,
Ms. C. 565-C.

Astavargaprakara (ja.), (Mal, prose), Anon.
Ms, 13294-Q.

Agtavargaprakri ya (ja.), Anon., (Skt,-Mal,).
Beg. .. +.. ..kanyamakarau

§ara1§ ca sesfh svamﬁnagumtﬁh syuh /
Ms. C. 962-B.

Astavargaprayoga (ja), Anon.
Beg. athdstavargaprayoga ucyate. putro vdso dadhanah syat.
Ms. P. 894-B,

Aharganadiganitam (?) I (kar.), (Mal.), Anon.
Beg. vakyasankhyakal vaccittu cenna tiyati kuigtiyal |
Ms. 10967-F (inc., 25 gr.).

Aharganadiganitam (2) 1L, (kar), (Mal.), Anon., in verse.
Ms. 13295.1 (inc., 170 gr).

Aharganadiganitam (?) I, (kar.), (Mal,), in prose and verse,
Ms. 142 8-E (inc., 24 gr.).

Aharmanadiganitam (?) I, (kar.), Anon. Epoch : Kali 17,21,162
A.D. 1611,

Beg. ‘pritdsyadyarasayano’nadivasin modadhya-putram tyajet
Ms. 1005-C.

Do—C (Mal,), Anon.
Ms, 1005-C,

Aharmanadiganitam (?) 11, (kar.), (Mal.), prose,
Beg. talk@lacandran ontdkkuvan vakyam vaccu.
Ms; L. 765-H (inc., 140 gr.).
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Aharmanadiganitam 11 (kar.), (Mal.), Anon.

Beg. purabbaktih, sudhanedhy3, nrpapatukapi, nityanindadhisuta-
miladhyo mesanaya rnam yutaniyatapratah () itu ubhe
aharmédnam,

Ms. PM. 4328-B.

Acaradarsana (astrol.), Anon., by a pupil of Sankara and Sri-
vallabha.

Beg. ... vande Sankaram Astamirtijanakam Srivallabham  va
gurum.

Ms. 1055-G.
Acaradipika : Name of C on Muhurtastaka.

Acarasangraha 1 (muh.), by Paramesvara of Vatasreni.

Ms. : See Ker., L. p. 54. Ref, Va, IL. 686-87 ; I1I. 394-95 (where
the work is said to be different).

- Do.—C (Mal.), Anon.

Beg. Acarasangram@kunna muhurta-granthatte camappin tutan-
nunpa acaryan,

Ms. 773-B.

Acarasangraha 11 (muh,), (Mal, prose), Anon,, 2200 gr.
Mss. 5886-A, L. 1286,

Anandaprakasa, teacher of Nityaprak#$a Yati (au. of C on Hora)

Ayuhprasna (pra.), (Mal.), by Sankara of Muktisthala,
Mss. 5109-A, 10582-C-2, C. 565-B.

Ayuhprasnadicintanam (pra.), (Mal. prose).
Ms, 13494-E,

[ Ayudhaprasna (pra.), Anon.]

Do, —C (Mal.), Ditalaksanabhasavyakhya, 175 gr.

Beg. Ayudhapra$nasya dutalaksana-bbasa likhyate | diitan kizha-

kkottu ninnu itakkaikontayudham piticcu.
MSi C. 173’D' ‘

Ker. Astro. 12
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Ayudhalaksanam I (pra.), (Mal.), in verse, Anon., in 4 chs., 110 gr.
Beg. gurupadatte vandiccu kuaryekkcentu bhasayay /
ariviniha collunnen aham Ayudhalaksanam |/
Ms. See Ker Mal,, p. 16 ; P. 970-B : PM. 4026-D.

Ayudhalabsanam 11 (pra.), (Mal,), in verse, Anon., 62 gr.
Beg. ampilikkala citunna tampuran muttaputrane {
mumpil tozhutu kumpitten vanpdlum vapimateyum /|
aralum kettinikkunnor Ayudhathinnu laksanam /

arivan jiianadrstikku guruvin varam ekuka |/
Ms, CM. 127-C.

A yurdayaganitam (?) (astrol.), (Mal,), Anon. in prose.
Beg. dyurdayam varuttin jatakam varutiu,
Ms, L. 144-P, L. 1217-B,

erudhapras’na. by Sankara : See Samudrikasara,

[Aryabhatiya (tantra), by Aryabhata]

Do.—C 1, Bhataprakasa or °prakasika by Stiryadeva-yajvan, 2500 gr.
Mss. : See Ker, L. p, 74; Ad., Mad,

Do.—C 11, Bhatadipika by Paramesvara of Vata$reni.

Mss, 10617, C. 1363-B; Mad. Edn. H. Kern, Leiden, 1874 ;
Udaya Narain Singh, Etawah, 1906,

Do.—C Ill, Bhasya, (for Ganita, Kalakriya and Gola Sns. only, but
not for Gitikd Sn ), by Nilakagtha Somayaji, 4000 gr.

Mss. : See Ker., 1. pp. 7374, NCC Ii. 172. Eda. TSS 101, 111, 185,
Ref, : Ul II 119-20.

Do.—C 1V, by Ghatigopa, (Skt, com.),
Mss, 13305-A, T. 736.

Do CV, (Mal.) by Ghatigopa, version I, 1200 gr.
Beg. of Ganitapada: ganitapadattinkal muppattimUanarya-
kalekkontu yuktisiddhamayirikkunna ganitatte colluvin

tutanfiunna Aryabhatdclryan natette stitram kontu ista«
devatanamask3ravum

cikirgita-pratijiayum ceyyunni—
Brahma-$a$i etc,
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[Aryabhatiya, € V, contd.]
Mss. 11014, L. 1334, T. 157-A, Mad. Mal. 215; ms. with

K.V. Sarma, Ref. Ul 111.234-35.

Do.—C VI, (Mal.), by Ghatigopz, version II, 1850 gr.
Beg. of Ganitapada : Aryabhatacaryan Dadagiti-sutram Zyirik-
kunna prabandbam kontu atindriyam ayirikkunna artha-
jatatte updesiccittu...$astratte grambhikkunni— Brahma-

asi etc.
Mss, C.2333-A, T. 157-B.

Do.—C VII, Anon,

Beg. vdgmajamahiksapam krjﬁﬁéukrasﬁryﬁrasﬁriéanibhﬁ M .../
......... vyakhyayate’tha  tattantram /]

Do.—C VIII, Apon.
Beg. athicairyaryabhato Dagagitisttram #rabhamanas tadvighno-
paantaye bhagavate svayambhuve pranamam krtva,
Ms. C. 1828.

Do.—C IX, Anon,
Beg. (of Kalakriya): atha kalakriyapado vyakhy3yate. atra
kalavibhagam aha.
Mss. C. 2160-C (Ganita and Gola portions, 650 gr.); C. 2160-D
(Kalakriya, 450 gr.). |
Do,—C X (Mal.), by Krsna (?).
Beg. Aryabhataciryan tantratte Arambhippan.

Ms. 10 6273 (all the four sections cm. : Rem. The label on the
ms. reads ‘Bhasaydm Krsnatika® (7). The au. is diff, from
Krsnadasa, below, since the beg. of the two coms, differ.

Do.~—C XI (Mal), Dafagitisatram Bhasa, by Krsnadasa (Krspan
Asan).
Ms. with K.V. Sarma.
Do.—C XII : See Kaksyamandala etc.

Azhvaﬁcefi Tamprakkaj, (18th cent.), son of Nilakantha’s brother.
While several mss, inention Azh. as the author, a lone ms.
(C. 2197-A, Joytiséastrasangraha)  mentions Kaypafceri
Tamprakka] instead, in the post-colcphonic statement.
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Azhvaficeri Tamprﬁkka! (contd.)

—Jatakasarasangraha
—C (Mal.) on Do.
—Jatakanitimarga.

—C (Mal.) on Do.
—Jyotissastrasangraha

-—C (Mal.) on Do,
—Phalasarasamuccaya

~—C (Mal.) on Do.

—C (Mal.} on Muhartapadavi 11
—Sangrahasadhanakriya

—C (Mal.) on Do.

Ref. See above, pp. 71-72, § 57 ; Va. IL. 123-27.

Itakkattu or Etakkattu Kukkaniydl (17th cent.), pupil of Panakkdttu
Nampftiri (au. of Prasnanarga).

—Prasnariti 11 (Mal.).

Ref. Sce above, p. 67, §43; Ul III. 235-37; Ul. Sop. I 536
Va. III. 405.

Itakkattu Namputtiri : See under Panakk&ttu Nampntiri.

Itakramaficeri Namptutiri (17th cent.) ; of Peruiicellir village ; pupil of
Damodaran Nampiitiri of Mangala$éeri house,

—Bhadradipaganita (Mal.)
— Bhugolarniayam (Mal.)
Ref. See above, p. 66, § 43 ; Ul IIL 232-34 : UL Sup. I. 534,
Tiicakkazhva Madhava : See under Madhava IL

Uccanicadiganita (kar.), (Mal. prose).
Ms. 13194-B,

Uccadibalanayanam (kar.), (Mal. prose).
Ms, C. 2197-E.

Uduganaphalam (astrol.), Anon.,
Ms. 3671-F.

Do,—C (Mal,), Anon.
Ms. 3671-F,

Udujatakodaya (ja.), Anon., (Ker. ?).

Beg. gane$aviagdaivatavisnuéankaran
inendubhaumajiiagurisanaééanin |
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Udujatakodaya (contd.)
pranamya pﬁtoccagghﬁﬁaéca sadganan
udiharisyamy Udujitakodayam /]
Mss. 1004-A, 10627-B, 13478-G, C. 1912-D, CM. 118-E, L.
690-D, L. 864-B, P. 876-1, P. 900-B.
Do.— C (Mal.), Anon. |
Ms. 1004-A, 10627-B, CM. 118.E, P. 876-1, P, 900-B.

Udayadivakara (Ker. ?), (before, A.D. 1073, his epoch).

_C on an unidentified work of Jayadeva.
—C Sundari on Laghubhaskariya of Bhaskara L

Ref. Seelabove, pp. 45-46, § 8; K.S. Shukla, ‘Jayadeva, the
mathematician’, Ganita, (Lucknow), 5 (1954) 1-20.

Uparaga- - See also under Grahana-.

Uparagakriyakrama 1 (ecl.), by Acyuta Pisarati, A D, 1592, in
4 chs., 175 gr.
Mss. See Ker., L p. 100, Ref. U. 11 323.
Do.—(Mal,), Anon., 425 gr.

Beg. gurlindm caranambhoja etc. ; tithiye pratyksamﬁkkint_a pra-
manam.

Mss. 404-B, 13389-D, C. 173-E, C. 531-B, C. 628-B, C. 541-C;
Mad. Mal. D. 216. Ref. Va. 1I. 682-83 (where it is
wrongly described as the com, Narayana’s U paraga®°).

Do.—C (Mal.), yukti of certain sections, Anon.
Ms. With K.V. Sarma.

Uparagakriyakrama 11 (ecl.), by Narayana, in 5 chs,, 300 gr.;
epoch A D, 1561.
Mss. See Ker., 1. p. 1C0; Mad. Ref. Sen., p. 150 ; Ul I, 121
Ul. Sup. 1. 222 ; Va. 11. 683.
Do.—C (Mal.), Anon. (300 gr.).
Ms. 770-B; C. 531-B. Ref. Va. 11. 683-84,

Uparagakriyakrama 111 (ecl)), Anon., acc. to Nilakantha Somayaji.

Beg. puspavantau namaskrtya “Nilakanthokta-vartmana’
anyo vilikhyate kascid Uparagakriyakramah /]

Ms. 5862-C. Ref. Ul Sup. L. 222-23.
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Uparagavimsati {ecl.), Apon., 60 gr., by Acyuta Pisﬁral;i.(?)
Beg. punyaghnat khandagdesad vitatha-hbrtalavady tnitah khanda-
feso,

Ms. Trippunithura Skt. Col. 1075. Edn. Rama Varma Maru
Tampurdn, $ri Ravi Varma Skt. Granthavali, (Trippuni-
thura), 2 (1954) i-iii, 16 pp. Rel. Ascription of
authorship, on the authority of Puliyoor Purushottaman
Nampnutiri, Intro., to the Saryasiddhanta, (Trivandrum,
1125 M.E.), p. x.

Do.—C (Mal.), Anon.
Beg. sUryagrahanam tan somagrabanam t&n rantilonnu.

Ms. Trippunithura Skt. Col. 1075. Edn. Rama Varma Maru
Tampuran, with text, above.
Uparagastaka (ecl), Anon., 20 gr. Epoch : Kali 1703,790, A.D,
1563 :
Beg., ‘nalosau ganasampad’-virahitadivasad.
Mss, 5817-A, C. 173-K.
Do,— C (Mal.), Anon.

Beg. anantaram Uparagistakattinte bhasa camekkunna dclryan
suryendukkaJute grahanatte ... n3losau:

Ms. C. 173-K.

Do.—C (Mal)), Anon., 175 gr.

Beg. anantaram sUryacandranmarute grahapatte ganikkum pra-
karam collunnti—n3losau,

Ms. 5817-A.

Rtﬁtpattiphalam (astrol.), Anon., 30 gr.

Beg. siirye vyadhisamr...somavare patipriyam /
(bhaume) duhkham avapnoti budhe putrasamagamam /]

Ms. PM. 4077-E.

Ekavimsatiprasnakrama (arith.), Anon., (Mal,).
Beg. yah siryacandranetrzh saridadhipasutatui]gavaksojalagnaih
Ms. C.541-D. Ref. ULl III, 239-40,

Eficuvati (arith.) (Mal)), Anon.
Mss. See Ker, Mal,, pp. 23-24,
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Etakkattu Kukkaniyal : See under Itakkatiu Kukkaniyal
Kaksyadi-sphuta-ganitam (2) (kar.), (Mal.), Anon.
Ms. 151-D (inc., 70 gr.).

Kaks yapratimandaladi-éloka- yukti (on Aryabhatiye, Kala.. 17-21),

(astron.) Anon,, 135 gr,
Beg. atha saryendvor madhyamat sphutasya mandaphala-sams-
xarad bhedo bhavati | kujadin@m etc. | tatra pratimandala-

kalpandm sardhabhydm aryabhyam kathayati—kaksyaprati-
mandalaga etc. |

Mss. 8358-F; 10. 6301 (Golasira etc.), ff, 4b-11b.
Katapayadi-sankh yah (astron.).

Ms. Ad.
Do.—C, Anon.
Ms. Ad.

Kanakkatikaram (arith.), (Old Mal.), Anon.

Beg. panakkarinakamifum patarcataiccivanu polum
pinakkarut@ita celvam peruma cernnolivilankum [
Kanakkatikdram ennum kavita kattiyampuvanay
tunaikka nalkarimukatton tuyarketattelintu vante //

Mss. See Ker. Mal., p. 25. Ref. UL I1.478, See also Gapnitannl
to which this work seems to be related textually.

Do.—C (Mal.), Anon.
Mss. See Ker. Mal., p. 25.

Kanakkucodyam (arith.), (Mal.), Anon., 15-16th cent.
Ref. Ul IL 480.

Kanakkusastram 1 (arith.), (Mal), by Krsnadasa (Koccu-krsnan
A§an).
Ref. See above, pp. 74-75,§ 65 ; UL 111. 524,
Kanakkusastram I (arith.), (Mal.), Anon.
Ref. Ul II. 479-80.

Kanakkusaram 1 (arith,), (Mal.),’ by Nilakantha, 16-17th cent, (?)
1250 ge.
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Kanakkusaram I (contd.)

Beg. enanka$ekharasutam gananathamettam
vandiccu vaniye vapanni harim gurum ca /
ndngmunin tozhutukontu Kanakkusiram
nere cameppatinu s@mpratam arabhe fizn [l

Mss. C. 2085-C ; CM. 630, Ref. Ul I1.478-79 : Ul Sup. L. 226-
27 ; Va.1lV. 276,

Do.—C (Mal.), by the au, himself:
Ref. Ul II. 478-79,

Kanakkusaram 11 (arith.), (Mal, verse), Anon,
Ms. T. 874,
Do.—C (Mal.).
Ms. T. 874.
Kannassappanikkar
~C (Mal.), Horaphalaratnavali on Hora, (apocryphal),
Karapam (?) (kar.), Anon., epoch A D. 1734, 75 gr.

Beg. ‘calanastutisankhy’onam divasaganam dhidagodhanaih kuli-
nangaih,

Ms. C. 2470-C.

Karanadarpanam (kar.), by a Bharadvaja brahman.

Beg. haripadambujam natva Bharadvajo dvijottamah |
laghuptrvasphutopayam vaksye Karagadarpanam (/[
Mss. 597-D, 12367-D, E.
Do,—C (Mal,), Anon.

Mss. 597-D, 12367-D.
Do,—C (Mal.), Anon.

Beg. taveghnadi-khandasesatte tapam koptu guniccu sudevanek-
kontu hariccal varunna phalam rasi.

Ms. 12367-E,

Karanrapaddhati (kar,), by Putumana Somayaji of Sivapura (Trichur),
10 chs., 300 gr.
Mss. See Ker., I.p.120; Ad., Mad., NCC 1. 174. Edn. TSS,
No. 126 ; Gov. Or. Ser., Madras, No. 98, with two Mal. G-s_.
Ref. Raja, 164; Sen, pp, 104-5; Ul, 11.107-8 ; Va, I, 529-31.
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Karana paddhati (contd.)
po—C I (Mal.), Anon,
Beg. Niuianagrha-Somasuta...... | avite &dcaryan prabandhatte
; camappdn tutannunnetattu...
Mss. See Intre, to Madras edn, ; Edn, Scz abcve.
po—C II (Mal.), Anon.
Beg. Nitanagrha-Somasutd ... [ Karanapiddhatiyakuana graath-
atte camapplia tutannunna &caryan...

Mss. Sec Iatro. to Madras edn. Edn. See above, Ref. Ul 1L
238-39,

po—C I11I (Mal), Sakabdasamskzrakriya, on verses 1, 12-13, Anon.,
100 gr.
Ms. 5820-C. Edn. App. pp., 207-11, to the Madras edn,, above.

KarcmaSZI ra (kar.). by (? Sankara Variyar), pupil of Nilakantha Soma-
. yaji and Damodara ; 4 chs, 135 gr. Epoch: anmnajfianasadhya,
- Kali day 17,00,000, AD. 1553

Beg. abhaiyadvayadantadhyam... (1); jayanti mansambaoja... (2);
$ri-Nilakaptham acaryam Srimad Ddmodaram gurum |

: pranpamya likbyate kificid gapitam sulaghukriyam [/

' Do-C (Mal.), Kriyakrama by Sankara Variyar,

~ Mss. C.8B,C.173-]. Ref. Ul IL 474,

| Karanamyta (kar.), by Citrabhanu, A.D, 1550, 4 chs,, 120 gr.
Mss., C.1380A,B; T.734; NCC L 176,

Do.—C I Anon., 900 gr.

Beg. Sivam dadyacchivo mahyam etc. /| tatradau tavad Acaryah
‘Karanamrtam ndma prakaranam cikirsuh....

Mss. C. 1380-B, T, 734.
Do.—C II, Anon., 1000 gr,
Beg. $ivam dady3c chivo mahyam etc, |
vagiSvarim pranamydham gurumécarkadikdn grahan /
prarabhe Citrabhanuktam vyakhyatim Karanimrtam [/
Ms, C.138-B,
Ker. Astro, 13
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Karanottama (kar.), by Acyuta Pisarati, 5 chs., 150 gr.
Mss. See Ker., 1. p. 120 ; Mad. ; NCC 1, 175. Ed, TSS, No. 213,
Ref. Ul II. 323-24,

Do.—C I by the au. himself, 400 gr.

Beg. atha igtadevatanamaskaraplirvakam cikirsitam pratijacati—
pranipatya etc,

Mss. See Ker., I, p. 120 ; Mad. ; NCC 1, 176. Edn. 7SS, No. 213.
Do—C II {Mal.), Anon., by a Kerala brahman.

Beg. anantaram Karapottamattinte bhasayuniakkuvan tutan-
nunni,

End : Acyutan tan camacculla Karanottamakasya tu |
bhasavyakhyanam untakki Keraliyo dvijottamah |/

Ms. with X.,V, Sarma.

Karmadipika 1 : Name of C by Parameévara I on the the Maha-
bhaskariya of Bhaskara 1.

Karmadipika 11 : Name of C by Narayana I on Lilavasi of
Bhaskara II.

Kalidinadiganitam (?) (kar)), (Mal,), Anon., 140 gr.
Beg. dhijagantpuram kontu kalyabdattep perukkiyal |

tatsamena haricculla phalannal divasannalam |/
Ms., 11064-A,

Kalacakradasanayanam (ja,), Mal, prose, Anon., 20 gr.
Ms. 3631-D.
Kalacakradasanirnaya (astrol). Ms, L. 336-F (inc.)
Do.—~C (Mal)). Ms, L, 336-F (inc.).
Kaladipa (astrol.), by Vasudevasvami,

Beg. vande’mbujaprabh@iksam mabhibhyam carutaram yutam |
lasannage’$ucan saktam amlanam ksaravarjitam |/
Mss. L.1379-C, D ; Mad. R, 5158 (b). Ref. Va, III, 392.94,

Do.—C. by Syamalavaranaraja, a prince.
Mss. L. 1379-C; Mad. R. 5158 (b). Ref, Va. Ill. 372.93,
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Kaladipaka 1 (muh.), by Sarikaran of NampUtiri of Mahisamangalam,
I: shorter version (Mal, title : Ce,iya Kaladipakam).

Mss. See Ker. Mal., pp. 29-31.
Do.—C I (Mal.), Anon. Mss. 151-C, 935-D, 19842-B.

Do.—C 1I (Mal.), Anon., 850 gr. Ms. 3630-C.

Kaladipaka 11 (muh.), by Sankaran of Namputiri of Mahisaman-
galam : II. Longer version (Mal. title : Valiya Kaladipakam).

Mss. Sce Ker, Mal., pp. 31-32, Edn. With auto-com , See bslow,

Do,—C Balasankaram (Mal), by the author himself.

Mss. See Ker. Mal., p, 32. Edn., Sri Vanchi Setu Lakshmi Series,
Nos. 6, 13, 15, Trivandrum,

aladipika (astrol.), Anon.
Ms. Vatavarkkottu Mana, Venkitangu, List I, 14.

Do.—C (Mal.), Agon. Ms. Vatavarkkottu Mana, Venkitangu,
List I, 14,

B e

Kalaprakasika (astrol), (Mal.), Anon., pupil of Phmaprabodha ;
2 pts., 340 gr.
Beg. arkabimbamakame vasiccukont ittrilokamatil atmatejasa |

satkriyddyakhilakzlabodhadam cakrapaniye vanannitunnu fian [/

Purpaprabodha-mukhasadguna-madgurtinam
purnaprasada-paramaérayavaibhavena [ ... ... |
bﬁlaprabodhamatiuﬁy adhund Muhurta-
Kalaprakasika curukkiyatay camappan /|

Mss. 12686-E ; Paliyam List, 621.

Kalarpanam : See Laghukalarpanam.

Kujzzdipaﬁcagraha-mahﬁvakya or Samudravakya (kar.), (Ker. ?)
2075 mnemonic sentences of the cyclic tables
Anon, 750 gr,

Mss.

of planets,

See Intro., pp. v-vi of Vakyakarana, ed. T.S. Kuppanna
Sastri and K.V. Sarma, K. S: R. Inst,, Madras, 1962 ; L,
893.-A, T. 510 ; Edn. Ibid., App. III, pp. 135-249. Ref. For
t.helr application in the computation of true planets, see
ibid., Intro., pp. xvii-xx ; 258-60. ,
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Kujadisphutaganitam (kar.), (Mal). Ms, 151-D,

Kujadisphutasamskarah (ker.), Anon, Ms. 14039-A,
Do.—C (Mal)), Anon, Ms. 14039-A,

Kuttabaradiganita (math.), Anon., 350 gr.
Beg. atha kuttakaradikriyam 3ha.
Ms. 14076-D, L. 1337-B.

Kumara-ganaka, (14th-15th cent.), a protege of Devadarmd, br. of
Govinda, possibly of the royal brahman family of Ampalappuzha.

—Ranadipika.
Ref. See above, p. 50, § 20; Ul II. 112-13 ; Va, 1L, 725-29,

Krsicabrannal (nat. astrol), (Mal.), Anon,
Ms. 10856-G (with diagrams),

Krsna I or Krsnacarya, (c. 1200), an early and highly popular author
q. by Govinda Bhatta (1237-95).
—Cintajiiana or Kysniya
—C Krsniya on Hor2

Ref. See above, p. 47, § 12; Ul, L. 169-70.

Krsna 11, (diff. from Krsnadésa, below).
—C (Mal) on Aryabhatiya

Ref, See above, p. 70, § 53,

Krsuadasa (Krspan Aéan or Koccu-Krspan Aéan), (1756-1812), of
Netumpayil house near Tiruvalla.
—Kanakkusastra (Mal.)
~—Pajicabodha V111 (Mal.)
C (Mal.), Dasagitisntram-bhisa on Aryabhatiya, Gitika-
pada, .
—C (Ma).), Bhasajatakapaddhati on the Jatakapaddhati of
Parameévara
Ref. See above, p.74-75, § 65 : UL 1IL. 519-27 ; Ul Sup. 647-48 ;
Intro. to the edn, of Bhasa-jdtakapaddhati.

Krsnan Asan : See Krsnadisa.
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Krsna-Sisya, (c. 12(
—Prasr

—C on

Ref, See abo
Krsniya or Cinta
Keralajyotisa (:

Kerala-dvadasa
Beg. lagnic

tasya
Ms. 4853-F
Kerala-dvadase

apparently ¢

Kerala-dvadas
in prose, 14

Beg, Kera
sastd

Col, ItiK
Vare

Ms. 4853.
Kerala-N adig
K eralanirngy

Kerala-Pra¢n
Men., Vg

Kerala-rahas

Kerala-samih;

Keralicﬁrya, i
said to b
the Kera’
author ?



























































































































































































































































































































