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This paper is a critical survey of the work of notable contributors to
the science of Jyotise in Kerala such as Bhaskara, Paramesvaran Namputiri,
Madheva, Comatiri of Kelallur, Comatiri of Putumana, S’ripati, Parakkad
Namputiri and Acyuta Pigaroti, between fifth and fifteenth centuries A.D.

There has been a specific and traditional school of jyotiga exponents and
experts in Kerala from ancient times. Whatever advances were made in the west
in the field of ganita siddhdnia by the western scholars during the eighteenth and
nineteenth centuries had already been debated and discussed by the sixteenth
century in this region by Vatasseri Paramedvaran Namputiri, Madhavan of Sam-
gama grama, Comatiri of Kelallir and Comatiri of Putumana. These scholars
could be rightly ranked with Newton! and Leibnitz, especially in their contribution
to the science of integral calculus.

The two aspects of jyofisa are gamita (recording the actual position and
movement of the planets) and pkala. In these two disciplines, the Ancient Indians
have taken great strides by developing the Brakma?, Saura and Vasigtha schools
of thought. Till about the sixth century jyotiga studies developed systematically
in Northern India. The successive foreign invasions may perhaps account for the
slackness in the development of this branch of science. In Scuth India too, except
in Kerala, there were no outstanding contributions. But in Kerala, the scholars
specialised in Siddhaganita and jyotirganita. It is difficult to determine the precise
antiquity of this practise of jyotiga in Kerala. It must have come in the process
of the aryanisation of the south especially through Aryabhata (later half of the
fifth century A.D.} From the Aryabhatiyad, it is known that Asmaka was the place
of his birth and that he went up to Pataliputra (Kusumapura). The identity of
Asmaka in Kerala is debatable, although the strong prediction for the Aryabhata
tradition in Kerala as also the large number of commentators on the Aryabhatiya
being Keralites may support the belief that Aryabhata was a native of the
region.

In 682 A.D. there was a quinquinniel conference of jyotiga scholars at
Tirunévaya, near Ponnani to discuss the shortcomings of the methods (ganita samp-
raddya) of Aryabhata and to reform the system which assumed a later name of
parahitam. The contribution of Vararuci* to the development of this system was
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considerable. Vararucivikya or Girnddi vakya or Paficanga vakya, is an important
short treatise on the calculation of the position of planets.® His elucidations were
utilised in determining and fixing the position of the moon (Candraganita), which
method again is widely prevalent in Kerala. Bhaskara (sixth century A.D.) was
another gansta-pandita of Kerala whose important contributions were a detailed
Aryabhatiya bhagya, the Laghubhdskariya® (a manual of the Aryabhafiyam) and
Mahidbhaskariyam?, a tantra grantha. Haridatta (circa 650-700 A.D.) is considered
to be the exponent of the parahita system of astronomical calculations, his basic
text being the Grahdcaranibandhana® His Mahamdrganibandha is not extant,
though it is referred to in the Qrakacaranibandhana. In addition to the Kafapayadi®
notation, Haridatta introduced corrections known as Bijasamskdra or sabdasamskara
in Aryabhata’s system.

In the ninth century Ravivarmadeva of Mahodayapuram (Kodungallur
>Cranganur) established an armillary sphere. Sankaranariyana who was an
astronomer of repute patronised by Ravivarman Kulagekhara (Ramavarman 885-
913 A.D.) mentions his patron in his vivarane, a commentary on the Laghu-
bhaskariya, gives the date of its ecomposition as 869 A.D. : Evam bakabdah punariha
candra randhra muni samkyayad asmabhip avagatap (Saka T91).10

Sripati, was a famous astronomer of the eleventh century. His important
contributions were (1) Sidhdnta $ekhara)l a work on astronomy in 20 Chapters :
(2) Ganita tilaka, a work on Mathematies and (3) Jatakakarmmapaddhati. These
works are quite popular throughout Kerala.

Govindasvamin who prepared a bhdgya for the Mahabhdskariya as also the
Govinda paddhati, an astrological work and the sampradayapradipikd, a commentary
on Parddara Hora, also flourished during this period. His methods were followed
reverently later by Paramegvara and Nilakantha, who refer to Govindasvamin
constantly.

v No records have come down for sketching the history of jyotiga development

during the eleventh to the thirteenth centuries. Probably the productions of this
era had been lost, as by the beginning of the fourteenth century giant strides were
made. Govinda Bhattatiri, a renowned phalabhdga expert lived during the last
quarter of the thirteenth century. The chronograms for the day of his birth, i.e.
rakget govindam arka (1237 A.D.) and the day of his death : Kalimdi priyistugti
(1295 A.D.) are known. Talakkulam, a hamlet of Alatur, near Tirur was his native
place. His mother’s original home was Palur and Bhattatiri passed away at the
Padippura (gateway) of his son’s residence, according to a traditional account.
The most important output of Bhattatiri was the Dafadhyay:,'* a commentary on
Brhajjataka of Varahamihira. This is held to be the most critical out of the seventy
other commentaries on Brhajjgtaka. A less known work was the Muhuriaraina®®.
About the same time was current the Krsniya a treatise by Krsna who is referred
to in the Unnayacci-caritam campu!® of the fourteenth century.
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The most illustrious exponent of jyoliga after Aryabhata and Vararuci
in Kerala seems to have been Parameévaran Namputiri (A.D. 1360-1455) of-
Vatasseri illam : advaitha gramajo bhargavap paramedvarap according to his disciple
Nilakantha Somayajin. His Dyrg-ganita gives the date of the composition as ddake
trigu, vibvamite kytam (corresponds to 1431 A.D.). The other less known contribu-
tions of Paramedvara were, the Bha{tadipiki, a commentary on the Aryabhatiya,
Grahandgiaka, Laghubhdskariya vyakhyd, Laghumdanasaganita vyakhyd, a commen-
tary on the Laghumanasa of Mafijula, Lilavativyakhyd, a commentary on the Lilg-
vati of Bhaskaracirya,1® the Siddhanta-dipika, a commentary on the Mahabhaskariya
of Bhiskara I, Gola dipikd, which appears to be in two versions one consisting of
the chapters of the Golanibandhanavidhe, Grahdcaraniripana, Bhiumyadi cintana
and a fourth chapter, the other version is an abridgement without any chapter
division, edited by T. Ganapati Sastri.’® The Karmadipika, Jataka karmapaddhati
and Suryasiddhanta vivarapa, a commentary on the Swuryasiddhanta, were other
less known works.

Two other contemporaries of Parameévara have to be reckoned with namely
Samgrama Madhava and Comatiri of Putumana. It cannot be stated pre-
cisely whether Madhava was a nambutiri or a warrior of Irufijdlakuda. The main
treatise of Madhava, the vepvaroham!? is extant. It is an astronomical manual
which enunciates a method for the accurate calculation of the longitude of the
moon given for daily intervals correctly, without using the second and third differ-
ences. The author deals elaborately with the preparation of a table using which
the longitudes of the moon can be read out at short intervals of one and half ngdikas
each, the same table being valid for a cycle of 248 days.

Before the time of Bhaskara II, the volume and surface area of spheres were
correctly known, and derived. Indeterminate analysis had advanced. Madhava
in the fourteenth century discovered integration by summation of series and with
its help discovered an infinite series for m, the arc of a circle and the sine and co-sine
chords of ares. The Kerala astronomer mathematicians of the later Aryabhata
school derived many trigonometrical results with the help of the cyelic quadrilateral.
A new development was the discovery of the expression for the circumradius in
terms of the sides of a cyelic quadrilateral. Parameévara of the fifteenth century
in his Lildvatibhdsya gives this new expression in the verse :

QST g gt qur,
U R, |
Aeugeae A Rrewraredw fafaae
FAAT TG qferaratassa 1
‘The three sums of the products of the sides taken two at a time are to be multiplied

together and divided by the product of the sums of the sides taken three at a time
and diminished by a fourth. If a circle is drawn by the square root of this quantity
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as radius, the whole quadrilateral will be situated inside it’ ; that is, if @ b ¢  are the
sides and r the circumradius

=y (@b Fod)(acT bd)(ad+-bo)
(a+b+c—d)b+c+d—a)c+d+a—b)d+a+b—c)

Parameévara and other Kerala mathematicians understood clearly the signi-
ficance and limitations of Brahmagupta’s results about the cyclic quadrilaterals,
The Yuktibhagd (sixteenth century) proves the following trigonometrical results :

Sin24 —S8in?B = Sin (44 B) Sin (4—B)
and

Sin 4. Sin B — Sin? 4;2*5 —Sin? A;B

, with

the help of the cyclic quadrilateral using geometrical analysis.18

The Kerala mathematicians after the thirteenth century give logical proofs
and demonstration of the following theorems :

(a) The area of & triangle is equal to half the product of the base and altitude.

(b} The product of the sides of a triangle divided by the circum-diameter is

the altitude on the base (cf. Yuktibhaga, p. 231)

(c) The perpendicular bisectors of the sides of a triangle are concurrent.

(d) The square of the hypotenuse of a right angled triangle is equal to the

sum of the squares on the other two sides.

Madhava of Samgrama Grama, applied the theory of integration for calculating
the circumference of a circle from its radius. An infinite series for # or circumference
is obtained. Circumference = 8R(1—§+1—14. ..., ). In the course of its deriva-
tion many integrals of the powers of a quality and the results of repeated
integration are proved and used. These are
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For the series for 7, by suitable manipulation many other infinite series for 7 are
obtained. Similarly the infinite series for sin ¢ and cos 6 (actually R Sin 0 and R
Cos #) are derived by using the integration theory and subtle reasoning, the

ad ab

. . o _ @
ardhajyd (B Sin 6) =a RZIE+R4L5_ RGE_+ ........

a? al a?

Bt mE ms
(a is the arc, and R the radius).

The Fkotijyd (R Cos 0) =

These when the arc is expressed in radians become equivalent to

6 o

Sin 8= 60— ‘3—}—[5 17—}— ........
_ oo
Cos 6 =1 ‘2-{—|4 16+ ........

The volume and surface area of a sphere are also correctly derived using the integra-
tion theory. All this is known from the Yuktibhiga (sixteenth century), a treatise
expounding the ideas in the Tantrasamgraha of Nilakantha Somayajin (circa fifteenth
century) and the Kriyakramakari, probably the work of Sankara Warriar—a com-
mentary on Lilavati. The series for 7, and the arc and for the cosine and sine are
found in the Trantrasamgraha, and Sadratnamald. Thus integration by fluxions was
discovered and used in India at least two and half centuries earlier than Newton
and Leibnitz.1® One of Leibnitz’s discoveries, sometimes ascribed to the Scottish
Mathematician James Gregory (1638-1675) may be noted. If 7 is the ratio of the
circumference of a circle to its diameter

m 1,1 1,1 1
T =1 e -
) sts 7t e

the series continuing in the same way indefinitely. This of course is not a practical
way of calculating the numerical value of 7 (3.1415926. .. .) but the simple connec-
tion between 7 and all the odd numbers is striking.20

The Karanapaddhati,?! an astronomical treatise in ten chapters, the chief con-
tribution of Putumana Comatiri, of Trichur seems to have been composed before
the Dygganita paddhati came into vogue. Chapter six is of special importance
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as it gives rules for trigonometrical sine, cosine, tan and m series. The value of 7
was determined in the eighteenth century in the west and this was acclaimed all
over. But this had been achieved in India in the fourteenth century as the eighth
Chapter of the Karanapaddhati refers: wvydsa caturghandt bahusap prthaksthit
regarding the circumference and diameter of a circle. Nilakantha Somiyajin
(1465-1545)22, was the disciple of Damodaran Namputiri, the son of Paramedvaran
Namputiri. He was known as Kelallur Comatiri and was born at Trikkantiyur,
near Tiriir. He was a second bhasyakdara for the Aryabhatiya. The fundamental
principles of calculus so ardently developed in the west during the eighteenth century
are to be found, in Somayajin’s work Tantrasamgraka. This contains 430 strophes
in eight chapters. The conception of time, computation of the past kali days, the
seasons, solar and lunar months are described in the first Chapter. Calculation
of the mean solar day, determination of the orbit of the planets in the Hindu geocen-
tric system are described in the second chapter. The third chapter deals with the
fixing of the gnomon, calculation of the equator, meridian, latitude and declination
by making use of the gnomon and its shadow. There are many illustrations and
mathematical problems concerning the gnomon and its shadow. The fourth and
fifth chapters deal with lunar and solar eclipses. Vydirpata and its calculations are
dealt with in the sixth and seventh chapters. The last chapter describes the Sita-
miana &rngonnati of the moon.22 It is known that a Brahmin named Brahma-
datta has based his Malayalam work Yukiibhdsd on the Tanirasamgraha. There
have been many commentaries on the T'antrasamgraha but none of them outstand-
ing. Another important work of Nilakantha was the Siddhiania Darpana a short
treatise on Astronomy in 32 strophes.2* The Candracchdya ganita® deals with
the methods for calculation of the time during night from a measurement of the
shadow cast by the moon. The Golasira®® is a small metrical treatise on astronomy
specially dealing with the earth and the planets in three chapters.

Nilkantha had recourse to the summation of an infinite convergent series
while deriving a good approximation formula for the area a in terms of the chord ¢

and height &, viz : @ = 4/(1+%)h2+c2. He was aware that an infinite convergent
geries had a finite sum.2”

The Praénamarga of Panakkad Namputiri is a unique treatise concerning itself
with the phala-bhaga, perhaps composed in the seventeenth century. This is generally
followed as a standard guide for matters relating to praéna even at present. Edak-
kad in North Kerala was the home town of Panakkad Namputiri. Another scholar
of repute of this period was Mattur Namputiri, The Mattur illam was situated
in Pafijal near Celakkara. His main work was the Muhurta édstra samgraha consist-
ing of 35 strophes. Other notable works of the contemporary period are a) Sadrat-
namala® a short treatise on Mathematics in five chapters by Sankaravarma Tham-
puran of Kadattu nadu written under the direction of Rémavarman, brother of
Udayavarman of Kerala. It is a discussion on trignometric series ; (b) Ganita nir-
raya of Purusottaman Namputiri of Puliyir.
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Achyuta Pigiroti (15650-1621 A.D.), the teacher of Nariyana Bhatta of Mel-
puttir, was an authority on astronomy and Grammar. He is referred to by
Vasudeva in his Bhramarasandebo®

A ST Foee e

gawa oMt afeas=gd 7 1

reagefa ffa sfamsieg

stfaeF fMfasaas eyt i
His patron was Ravivarman of Vettattunadu.3®

EAT TFTA(ATH  qrAfrsrrtas |

frargaafasaa graeres &

The notable works of Pigiroti were (i) Uparagakriyanirnaya (ii) Karapottama
(it5) Sphuta nirpaye® (iv) Horasaroccaye (v) Raéigola sphufaniti®@ and (vi) the
Malayalam commentary on Madhava's venvaroha.3?

The foregoing is only & cursory survey of some of the notable contributors
to the science of jyotiga in Kerala and is aimed only at stimulating further research
in this field.
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