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Importance of Commentaries in the Study of Indian Scientific Tradition

While there have been several extensive investigations on the history and achievements
of the Indian tradition of sciences, there has not been much discussion on the
foundational methodology of Indian sciences. Traditionally, such issues have been dealt
with in the detailed bhasyas or commentaries, which continued to be written till recent
times and played a vital role in the traditional scheme of learning.

As regards Indian mathematics, it is in such commentaries that we find detailed upapattis
or "proofs" of the results and procedures, apart from a discussion of methodological and
philosophical issues. It has been the scant attention paid, by the modern scholarship of the
last two centuries, to this extensive tradition of commentaries, which has led to a lack of
comprehension of the methodology of Indian mathematics; and this is reflected in the
often repeated statements on the absence of logical rigour in Indian mathematics in works
on history of mathematics such as the following:*

As our survey indicates, the Hindus were interested in and contributed to the
arithmetical and computational activities of mathematics rather than to the
deductive patterns. Their name for mathematics was ganifta, which means ‘the
science of calculation’. There is much good procedure and technical facility, but no
evidence that they considered proof at all. They had rules, but apparently no logical
scruples. Moreover, no general methods or new viewpoints were arrived at in any
area of mathematics.

It is fairly certain that the Hindus did not appreciate the significance of their own
contributions. The few good ideas they had, such as separate symbols for the
numbers from 1 to 9, the conversion to base 10, and negative numbers, were
introduced casually with no realisation that they were valuable innovations. They
were not sensitive to mathematical values. Along with the ideas they themselves
advanced, they accepted and incorporated the crudest ideas of the Egyptians and
Babylonians.

! Revised version of M.D.Srinivas, "On the Nature of Mathematics and Scientific Knowledge in Indian
Tradition,” in JM.Kanjirakkat et a. eds., Science and Narratives of Nature East and West, (New Y ork:
Routledge 2015), 220-238.

2 Morris Kline, Mathematical Thought from Ancient to Modern Times (Oxford: Oxford University Press,
1972), 190.



It is true that ganita or Indian mathematics is quintessentially a science of computation
and texts of Indian mathematics essentially present systematic and efficient procedures or
algorithms for the solution of various mathematical problems. The ancient texts of
geometry, Sulbasiitras (prior to 600 BCE), give procedures for the construction and
transformation of geometrical figures. The classical text Aryabhatiya of Aryabhata
(c.499) presents most of the procedures of arithmetic, algebra, geometry and
trigonometry, which are taught today in schools, in just thirty-two verses comprising the
Ganitapada. While the canonical texts such as the Aryabhatiya or the
Brahmasphutasiddhanta of Brahmagupta present only the results and procedures, it is the
commentaries written on them which explain these results and procedures and often
present detailed upapattis or demonstrations of them. Such commentaries formed an
integral part of the traditional scheme of learning and many great authors of seminal
works such as Bhaskaracarya II (c.1150), ParameSvara (c.1450) and Nilakantha Somayajt
(c. 1450-1550) also wrote important commentaries, sometimes on their own works.

In his Vasanabhasya on his own treatise on Algebra, Bijaganita, Bhaskaracarya II
(c.1150) explains that the tradition of upapatti has been for long a part of the oral
instruction (patha-nibaddha).” The following are some of the important commentaries
which are available in print and contain some discussion of upapattis for various results
and procedures of Indian mathematics and astronomy:

1. Bhasya of Bhaskara I (c.629) on Aryabhatiya of Aryabhata (c.499)

2. Bhasya of Govindasvamin (c.800) on Mahabhdaskariya of Bhaskara I (¢.629)

3. Vasanabhasya of Caturveda Prthiidakasvamin (c.860) on Brahmasphutasiddhanta of
Brahmagupta (c.628)

4. Vivarana of Bhaskaracarya II (c.1150) on Sisyadhivrddhidatantra of Lalla (c.748),

. Vasana of Bhaskaracarya II (c.1150) on his own Lilavati, Bijaganita and

Siddhantasiromani

6. Siddhantadipika of ParameSvara (c.1431) on the Bhasya of Govindasvamin (c.800) on
Mahabhdaskariya of Bhaskara I (¢.629)

7. Aryabhatiyabhasya of Nilakantha Somayaji (c.1501) on Aryabhatiya of Aryabhata
(c.499), K. Sambasiva Sastri (ed.), 3 Vols., Trivandrum 1931, 1932, 1957

8. Ganita-Yuktibhasa (in Malayalam) of Jyesthadeva (c.1530)

9. Yuktidipika of Sankara Variyar (c.1530) on Tantrasargraha of Nilakantha Somayaj
(c.1500)

10.Kriyakramakart of Sankara Variyar (c.1535) on Lilavati of Bhaskaracarya II (c.1150)

11.Saryaprakasa of Siryadasa (c.1538) on Bijaganita of Bhaskaracarya II (c.1150)

12.Buddhivilasini of Ganesa Daivajiia (c.1545) on Lilavati of Bhaskaracarya II (c.1150)

o)

* Devchandra Jha, ed., Bijaganitam (Varanasi: Chowkahmbha Prakashan, 1983), 399-400.
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13. Bijapallavam of Krsna Daivajfia (c.1600) on Bijaganita of Bhaskaracarya II (c.1150)

14.Vasanavarttika, commentary of Nrsimhha Daivajiia (c.1621) on Vasanabhdasya of
Bhaskaracarya II on his own Siddhantasiromani (c.1150)

15.Marici of Muni$vara (c.1630) on Siddhantasiromani of Bhaskaracarya II (c.1150)

Of these, the Malayalam text Ganita-Yuktibhasa of Jyesthadeva (c.1530) is a
compendium which is exclusively devoted to a systematic and detailed exposition of
rationales (yuktis) of various results and procedures in mathematics and astronomy.*

Upapatti and ""Proof"’
In the introduction to the section on spherics (Goladhyaya) of his treatise

Siddhantasiromani, Bhaskaracarya II explains the central purpose behind his exposition
of upapattis:’

AT AT T A0 qEATqaT a1
SIE Steae Ty dfd Tt fF:H5err 7 949 |
el |7 FaTdT Fraasdhad Toaedr 399d
TEATEER O A e ey TMegaeer=rd: |

Without the knowledge of upapattis, by merely mastering the calculations (ganita)
described here, from the madhyamadhikara (the first chapter of
Siddhantasiromani) onwards, of the [motion of the] heavenly bodies, a
mathematician will not be respected in the scholarly assemblies; without the
upapattis he himself will not be free of doubt (nihsamsaya). Since upapatti is
clearly perceivable in the (armillary) sphere like a berry in the hand, I therefore
begin the Goladhyaya (section on spherics) to explain the upapattis.

The same is echoed by the Ganesa Daivajfia in his famous commentary Buddhivilasini
(c.1540) on Bhaskaracarya’s Lilavati:®

Zh AT AgQaH & At &7 aq
fAraiedr a1 ed af UUEERE Sredr Jid AT
e A AT FLAAR AqTRITa TIaaT

TEATEAI T Avfeqaiaay 3ds Jradaedil

Without upapatti, whatever is stated in vyakta-ganita (mathematics dealing with
manifest quantities — arithmetic and geometry) or avyakta-ganita (mathematics
dealing with un-manifest quantities — algebra), will not be rendered free from

*K.V.Sarma et al. ed. trans., Ganita-Yuktibhasa, 2 Vols (Delhi: Hindustan Book Agency, 2008).

> Murali Dhara Chaturvedi, ed., Siddhantasiromani (Varanasi: Sampurnanand Sanskrit University, 1981),
326.

®V.G.Apte, ed., Lilavati with Buddhivilasini (Pune: Nirnayasagar Press, 1937), 1.
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confusion (nirbhranta); nor will it have any value in an assembly of
mathematicians. Upapatti is indeed directly and pleasantly perceivable like a mirror
in hand. It is therefore, as also for the elevation of the intellect, that I proceed to
enunciate upapattis in entirety.

Thus, the notion of upapatti seems to be significantly different from the notion of "proof™
as understood in the Greco-European tradition of mathematics. According to the Indian
mathematical texts, the purpose of upapatti is mainly: (i) to remove confusion and doubts
regarding the validity and interpretation of mathematical results and procedures; and, (ii)
to obtain assent in the community of mathematicians. This is very different from the ideal
of "proof" in the Greco-European tradition which is to irrefutably establish the absolute
truth of a mathematical proposition.

Further, in the Indian tradition, mathematical knowledge is not taken to be different in
any fundamental sense from that in natural sciences. In fact, valid means for acquiring
and validating mathematical knowledge are the same as in other sciences: Pratyaksa
(perception), Anumana (inference), Sabda or Agama (authentic text or tradition).

The following are some of the important features of upapattis in Indian mathematics:’

1. The Indian mathematicians are clear that results in mathematics, even those
enunciated in authoritative texts, cannot be accepted as valid unless they are
supported by yukti or upapatti. It is not enough that one has merely observed the
validity of a result in a large number of instances.

2. Several commentaries written on major texts of Indian mathematics and
astronomy present upapattis for the results and procedures enunciated in the text.

3. The upapattis are presented in a sequence proceeding systematically from known
or established results to finally arrive at the result to be established.

4. In the Indian mathematical tradition the upapattis mainly serve to remove doubts
and obtain consent for the result among the community of mathematicians.

5. The upapattis may involve observation or experimentation. They also depend on
the prevailing understanding of the nature of the mathematical objects involved.

6. The method of tarka or "proof by contradiction" is used occasionally. But there
are no upapattis which purport to establish existence of any mathematical object
merely on the basis of tarka alone.

M. D. Srinivas, "Proofs in Indian Mathematics", in G. G. Emch et al. ed., Contributions to the History of
Indian mathematics (Delhi: Hindustan Book Agency, 2005), 231-2.
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7. The Indian mathematical tradition did not subscribe to the ideal that upapattis
should seek to provide irrefutable demonstrations establishing the absolute truth
of mathematical results. There was apparently no attempt to present the upapattis
as a part of a deductive axiomatic system. While Indian mathematics made great
strides in the invention and manipulation of symbols in representing mathematical
results and in facilitating mathematical processes, there was no attempt at
formalization of mathematics.

Here, we may add a few remarks concerning the role of "proof by contradiction" in
Indian mathematics. Indian mathematical texts do employ this method of indirect proof
for proving the non-existence of an entity. For instance, we may cite the following
passage from Krsna Daivajiia’s commentary Bijapallava (c.1601) on Bhaskaracarya’s
Bijaganita, where he argues that negative numbers do not have any square-roots:®

ey 2 qe AR FHOMEHE] T A FAHTETH Hel A1 TG g FAl a0
T wara 7 g aeHeen . ae) KOS a9 agdr adl e g a9 sid aheAq| T
TTAGATSHET FHIGATAT g a3 T gaTShd gqTSH TH0Td AT a91 Faq F g0 a
FAEY: | IThA| ATHEHRE | AT R a T oS e v ST ord
AN A A 'HEAAEGY: T Ihealdl Ua dfd FAAT TASS T T9ATHT T
T &‘Pﬁﬂa_c[l

The square-root can be obtained only for a square. A negative number is not a
square. Hence how can we consider its square-root? It might however be argued:
‘Why will a negative number not be a square? Surely it is not a royal fiat.’...
Agreed. Let it be stated by you who claim that a negative number is a square as to
whose square it is. Surely not of a positive number, for the square of a positive
number is always positive by the rule ... Not also of a negative number. Because
then also the square will be positive by the rule... This being the case, we do not see
any such number whose square becomes negative.

However, there are no instances where Indian mathematicians use the method of indirect
proof to establish the existence of an entity, the existence of which is not demonstrable
(even in principle) by other (direct) means of verification. In this sense, the Indian
mathematical tradition may be seen as adopting what is nowadays referred to as the
"constructivist" approach to the issue of mathematical existence.

It is important to note that this significant feature of Indian mathematical tradition is
closely related to the world-view of the Naiyayikas or Indian logicians, who do not
accord tarka (or the method of indirect proof) the status of an independent source of valid
knowledge (pramana). Indeed the general philosophical approach of Indian logicians is
one of eliminating from logical discourse all reference to such aprasiddha or un-instantiated

8 T.V.Radhakrishna Sastry, ed., Bijaganitam with Bijapallavam (Tanjore: Saraswati Mahal Library, 1958),
19.



entities, whose existence is not even in principle accessible to direct means of verification. In
fact, the Naiyayikas would even reconcile to live with contradictions rather than allow the
use of such aprasiddha entities in their logical discourse. This is brought out very clearly
by Matilal by citing an important passage from Atmatattvaviveka of Udayanacarya  (c.
10™ century) which deals with an argument between the Bauddhas and Naiyayikas:’

Nyaya...[excludes] from logical discourses any sentence which will ascribe some
property (positive or negative) to a fictitious entity. Vacaspati remarks that we can
neither affirm nor deny anything of a fictitious entity, the rabbit’s horn. Thus
Nyaya apparently agrees to settle for a superficial self-contradiction because, in
formulating the principle that nothing can be affirmed or denied of a fictitious
entity like rabbit’s horn, Nyaya, in fact violates the same principle. Nyaya feels that
this superficial self-contradiction is less objectionable [than admitting fictitious
entities in logical discourse]... By way of documentation...[is given] below the
translation of an excerpt from Udayana’s Atmatattvaviveka..."’

‘(Proponent:) ... There are some other defects in this negative inference. The minor
term (the "subject" paksa), the middle term (the "inferential reason" hetu) and the
example cited in such an inference cannot be established by any means of
knowledge. There cannot be any means of knowledge to establish a non-entity (i.e.,
a fiction, avastu). If it could be established by some means of knowledge, it ceases
to be non-entity.

‘(Opponent:) If so, then your talk about the non-entity becomes self-contradictory.
‘(Proponent:) Does this self-contradiction point out that there is a means of

knowledge to establish the non-entity? Or, (second question) does it reject the
prohibitive statement that we should not talk about non-entity? Or (third question)

° Bimal Krishna Matilal, Logic, Language and Reality (Delhi: Motilal Banarsidass, 1985), 103-4.
10 The original text is reproduced below:

TATITLAZETA M T THTOTATS: TAEI THTOTTF: THTOTIETT ST Iehea oo |

Td AgAda Faadaire: St =7q

qfcs FAAAAEALIST TG THTHINT Fo9q AT AUgagil af @ived: T7q TTATorRsT
AT AFLATHIAA I AT Waql 7 qraere®:| 7 7 fdramgsomta oy aex warfafawg ar
STSTSIEAT AT TALAHTHTA AT TG IR TATH AT Fd ATdwaed| fGrafasa ua st
FH U IS 7 T |
%Wﬁqﬂ;mﬁﬁaﬁmaﬁﬁa@a%nmﬁﬁwmﬁﬁwﬁﬁ?ﬁW;
FAL: TAT

e fagufe At 7 ghrg faaa™ g sragr: shttg ramd =

AW TATSATHATIO: FATAAAGISTT AT THEEA R A AT @1 AT TATH I STagl:
THFT: TATEATTHT  THTOS A A TISTHTOE Aagel AT SHefiefd AeaAmasmEioes 1
A AL : THAT | TS TATATT AATEHTAGE: TATEEaTS g qar 7 fhfeg=aq =i |




does it imply that we must concede such statements (about non-entity), which are
unauthenticated, i.e., not established by any means of knowledge? The first
alternative is not tenable. Even a thousand of self-contradictions cannot
conceivably show that (the non-entity like) the stable object (i.e., the minor term)
or the absence of gradual efficiency, etc. (i.e., the hetu) or the rabbits’ horn (i.e., the
example cited to support the general premise) is amenable to (a means of
knowledge, such as) perception and inference. If it could, what is the use of this
silly fight over the nature of non-entities? The second alternative is acceptable to
us, because we admit only valid means of knowledge.

‘(Opponent:) If the prohibitive statement is rejected, no statement with regard to
non-entities will be possible.

‘(Proponent:)What else can we do but remain silent in regard to a matter where
statement of any kind will be logically incongruent? Silence is better in such cases.
(No statement is better than any statement in such matters.) You yourself may
please consider as to who is the better of the two: One who is making statements
about entities that cannot be established by any means of knowledge? Or, the other
person who remains speechless (on such occasions)?

‘(Opponent:) But although you are a wise man you have not remained silent
yourself. You on the other hand have made a prohibitive statement with regard to
our talk about non-entities.

‘(Proponent:) True, in order to avoid a self-contradictory object not established by
any means of knowledge, you have conceded that one can make statements about
the non-existent. Similarly, in order not to allow any statement about the non-
entities in our discourse on the means of knowledge, we concede that a self-
contradictory statement (prohibiting the use of non-entities) is possible, although it
is not supported by any means of knowledge. If you treated both the cases in the
same manner, we would not have said anything about non-entities. (We have made
the above self-contradictory statement because you first raised the question).’

Indian Grammarians’ View of Sastra as Upaya

To understand the methodology of Indian sciences, one has to perhaps start with the
foundational works on Indian linguistics, not only because linguistics is the earliest of
Indian sciences to have been rigorously
systematisation became the paradigm example for all other sciences. It has been aptly
remarked that the Astadhyayr of Panini (prior to 500 BCE) enjoys the same kind of

prestige in Indian tradition as the Elements of Euclid does in Greco-European tradition:''

"' J. F. Staal, "Euclid and Panini", Philosophy East and West 15 (1965): 113-4. It should however be noted
that the word ‘derived’ in this passage refers to derivation in the sense of logical demonstration in the case
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In Euclid’s geometry, propositions are derived from axioms with the help of logical
rules which are accepted as true. In Panini’s grammar, linguistic forms are derived
from grammatical elements with the help of rules which were framed ad hoc (i.e.
sitras)...

Historically speaking, Panini’s method has occupied a place comparable to that
held by Euclid’s method in western thought. Scientific developments have
therefore taken different directions in India and in the West.... In India, Panini’s
perfection and ingenuity have rarely been matched outside the realm of linguistics.
In the west this corresponds to the belief that mathematics is the more perfect
among the sciences. Just as Plato reserved admission to his Academy for
geometricians, Indian scholars and philosophers are expected to have first
undergone a training in scientific linguistics. In India, grammar was called the
Veda of the Vedas, the science of sciences.

It is now generally appreciated that the Astadhyayr of Panini, gives a systematic way of
generating all the valid utterances of Sanskrit, in terms of about 4000 grammatical rules
supplemented by an inventory of about 2000 verbal bases (Dhatupatha) and some 261
lists of lexical bases (Ganapatha). In his famous commentary Mahabhasya, on Panini’s
Astadhyayr, Patafijali (c.2" Century BCE) explains that the purpose of grammar is to give
an exposition of all valid utterances. An obvious way to do this is to enumerate all valid
utterances individually. Since that is humanly impossible, one should attempt to
encapsulate larger and larger class of valid utterances by means of a set of general
(utsarga) and exceptional (apavada) rules. Patafijali further emphasises that the
utterances and their meanings are actually established in the world — one does not go to
a Grammarian to make utterances for him as one goes to a potter for pots.'*

In thus characterising Paninian grammar, Patafijali expounds what is perhaps the basic
understanding of the Indian scientific effort:"

Science in India seems to start with the assumption that truth resides in the real
world with all its diversity and complexity. For the linguist, what is ultimately true
is the language as spoken by the people in all their diverse expressions... Linguists
do make generalisations about the language as spoken in the world. But these
generalisations are not the truth behind or above the reality. These are not the

of Euclid’s geometry, but it refers to derivation in the sense of generation of linguistic forms from
grammatical elements in the case of Panini’s grammar.

2 See for instance, S. D. Joshi and J.A.F. Roodbergen, trans., Vyakarana Mahabhasya Paspasahnika
(Pune: Motilal Banarsidass, 1986), 16-25, 70-117.

3 J. K. Bajaj, "The Indian Tradition of Science and Technology An Overview," PPST Bulletin, 13-14
(March 1988): 33. See also J.K.Bajaj, "Science and Technology Up to 1800", in F.Robinson ed.,
Cambridge Encyclopedia of India, Pakistan and Bangladesh (Cambridge: Universities Press, 1989), 496-7.
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idealisation according to which reality is to be tailored. On the other hand what is
ideal is the real, and some part of the real always escapes our idealisation of it.
There are always exceptions. It is the business of the scientist to formulate these
generalisations, but also at the same time to be always attuned to the reality, to
always be conscious of the exceptional nature of each specific instance. This
attitude seems to permeate all Indian science and makes it an exercise quite
different from the scientific enterprise of the west.

Many of these issues discussed by Patafijali are further investigated by the great
philosopher Bhartrhari (c.500 CE) in his treatise Vakyapadiya. Texts of Indian astronomy
often cite his famous dictum that the procedures taught in sastras are only means (upaya)
to accomplish desired objectives in the world and they are not constrained or regulated in
any other manner:'*

SUTETATY T ZAT ATITATT THEd |
IuraTATY R Arasgwafasa |

aof FATYE T FATF A=A

Upayas (procedures taught in sastras) are to be discarded, even though they are to
be used for accomplishing an objective. There is no necessary limitation on such
upayas. One accomplishes objectives by one means or the other.

In this context Punyaraja, the commentator on Vakyapadiya, notes:

ITERIT: STERITEETH | FTAY A TASTAEF o R T: Sfd a8 TRemT:| YT
G £ D T ) O © = o DB L U B SR i G R = M E 1 e b R EA T PR A T
BN ORI AT RN

The science of grammar is a means for knowing the meanings of utterances. Once
these are known there is no further use and hence it is said that they are to be
discarded. He also states that there is no limitation on these updyas.... One
preceptor (Acarya) understands utterances by means of the grammatical framework
of Panini and another by means of another framework and thus there is no rule [that
only a particular grammar is to be followed].

This pragmatic approach to scientific theorisation indeed becomes folklore as it were in
Indian philosophical thought. The great eighteenth century scholar NageSabhatta begins
his treatise on the philosophy of grammar, Paramalaghumarijiisa, with a reiteration of

4 Raghunatha Sharma, ed., Vakyapadiyam Vakyakhandam with Punyardja Commentary (Varanasi:
Sampurnanand Sanskrit University, 1980), 79-81.



this point that grammatical derivations are updayas and are otherwise unrestricted
p g pay
(avyavasthita):"

TT ATEIERIET I TEEAGSAdIgRaTdTard A adl T T
TSHAAGTAFAATE AT AT e TATIATFIETY FedadT TaTH TavsT 9
THAT A AT AT HI eI TR AT AR Taad AR qTEHT 60T

o o c
qreheqdIed THTATAT L. ..

T AT q FHedadT aigaaaasy I8 a7 AMRET ad variErdrgl
TYAITATTAT IYTAT AAARIAT 3(d ~ATIT ATFLHST FATAAes™ 7 eafa:

Terea ferfaaeatefa fag

There (amongst the syllable, word and sentence meanings), it is the sentential
meaning (vakyasphota) that is the primary; for it is the sentence which is seen to
have import and completeness of meaning in the world....Since it is not feasible to
identify all the (valid) sentences, and (mere consideration of sentences) will not
provide any simple means for explaining sentence-meaning, the preceptors
(Acaryas) have devised a fictitious procedure, wherein sentences are divided into
words and words into stems (prakrti) and suffixes (pratyaya) and, following the
procedure of mutual presence and absence (anvayavyatireka), they conceive of
imputed meanings for these units only for the purpose of grammatical derivation
(sastra)...

Meaningfulness (vacakatva) rests mainly in the words or sentences which are made
up of these imagined entities; for, in the world, only these (words and sentences)
convey meanings. Indeed, following the well known principle that ‘the wupayas
(grammatical derivations) are only for the realisation of the desired result and are
otherwise unrestricted (avyavasthita),” there should be no cause of concern even if
different substituends are employed in different grammars. It should be noted that
this is akin to the fact that the script may change with a change in locality.

Status of Planetary Models in Indian Astronomy

The tradition of astronomy in India goes back to the ancient texts of Vedargajyotisa
which give simple algorithms for fixing the elements of Indian calendar (Paficarga). The
Vedangajyotisa texts, as well as the later elaborate treatises on Indian astronomy, declare
the raison d’étre of the science of astronomy to be the determination of time
(kalavidhanasastra), as well as position and direction, by means of the motion of the
celestial bodies. Hence, it is the pragmatic concerns of calculating the positions of the
various planets and eclipses of the Sun and the Moon reasonably accurately, which
informed the efforts of the Indian Astronomers and in this they seem to have been
eminently successful at least from the time of Aryabhata.

!5 Alakhdeva Sarma, ed. & trans., Paramalaghumaiijiisa (Varanasi: Chowkhambha Prakashan, 1981), 4-5.
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Though there are several references to earlier siddhantas, the earliest available systematic
exposition of planetary theory is contained in the Aryabhatiya (c.499 CE) of Aryabhata
and in the works of his commentator Bhaskara 1 (c.629). Here, the procedure for
calculating the geocentric longitudes of the planets, Mercury, Venus, Mars, Jupiter and
Saturn involves essentially the following steps.'® First, the mean longitude is calculated
for the desired day and then two corrections, namely the manda-samskara and sighra-
samskara, are applied to the mean planet to obtain the true longitude. In the case of the
exterior planets, Mars, Jupiter and Saturn, the manda-sarmskara is equivalent to taking
into account the eccentricity of the planet’s orbit around the Sun and the manda
correction coincides, to first order in eccentricity, with the equation of centre currently
calculated in astronomy. This is followed by the Sighra- samskara, which is equivalent to
converting the heliocentric longitude into the geocentric longitude.

While explaining the planetary model as expounded by Aryabhata, Bhaskara I notes that
notions such as the apsides (ucca, nica), mean (madhyama), epicycles (paridhi) etc., are
conceptual tools which serve the purpose of arriving at the observed motion of planets
and there are no constraints on them except that they should lead to observed results:"’

OO\ O\

o o o 2 o o (o]
SHAAHELHATUA A A H T p AT ATHTA [V;LCII"IIQJ'] ST w9 Fawriral

AT Fad g SUTATIHT IUTAT:| TEATET TAT TThAT AT TIT TS0 FH:
AT TE F TRHTEASHAN: AFAMEE 98 auadl qgr B fSwsr
TLIAATATIRY AYTE A FEIed AT SRy GueATdiia asemarfag: et

oo

o o o Lol OO o
EERIEUEG! ATTeT: TPIATIITARTITTHIATTSAIATIGTH:  [TeqTq TS|
[N

TaHATTY HeqAA g T g aca T S A TR TS (ST Th [T [ ag Lol Hiaca<T T
TR STASITAd | TEATEITISaH Y TN AATa gy 7 F 2 ed|

There are no constraints or limitations imposed on the notions such as ucca, nica,
madhyama, paridhi and so on, which are essentially aids to the calculation of the
observed motion of the planets. They are only the means for arriving at the desired
results. Hence this entire procedure is fictitious, by means of which the observed
planetary motion is arrived at....Just as the linguists utilise notions such as prakrti,
pratyaya, vikara, agama, varna, lopa, vyatyaya, etc., to comprehend (well-formed)
words.... In the same way in our science also astronomers employ notions such as
madhyama, mandocca, Sighrocca, Sighraparidhi, jya, kastha, bhuja, koti, karna,
etc., in order to comprehend the observed motion of planets. Hence, there is indeed

'S For an overview of the development of Indian planetary theories, see K. Ramasubramanian and M. S.
Sriram, trans., Tantrasarngraha of Nilakantha Somayajt (New York: Springer Verlag, 2011), 487-535.

7 Kripa Shankar Shukla, ed., Aryabhatiya with Bhasya of Bhaskara (New Delhi, Indian National Science
Academy, 1976), 217.
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nothing unusual that fictitious means are employed to arrive at the true state of
affairs [in all these sastras].

Thus, the Indian astronomers were in the business to calculate and to compute, not to
form pictures of the heavens as they ought to be. Indian astronomers do employ various
models, analytical as well as geometrical, but (as we have seen above) the texts
themselves emphasise, these are no more than artefacts used in their calculations.

In their attempt to achieve concordance between their calculations and the observed
planetary motions, Indian astronomers were sometimes ready to accommodate
inexplicable or even seemingly contradictory procedures as component part of their
models. In the traditional planetary model of Aryabhata, in the case of Mercury and
Venus, the mean Sun is taken as the mean planet and the equation of centre is applied to
it. This was indeed a feature common to all the ancient planetary theories (Indian, Greco-
European & Islamic). However, the traditional Indian planetary model managed to
achieve a far more accurate description of the planetary latitudes (than was achieved in
the Greco-European and Islamic traditions in the pre-modern period) by employing the
notion of sighrocca which, in the case of the interior planets Mercury and Venus,
corresponds to the mean heliocentric planet. Aryabhata’s prescription was that the
latitudinal motion of the interior planet is to be found from its sighrocca. Brahmagupta
went on to suggest that one should actually employ the manda-corrected sighrocca and in
this way he was able to ensure that the latitude is calculated from the true heliocentric
longitude of the planet.

Thus, we see that the traditional Indian texts did provide a fairly accurate theory of the
planetary latitudes. But, in the process, they had to live with two entirely different rules
for calculating latitudes, one for the exterior planets where the manda-corrected mean
longitude appears and an entirely different one for the interior planets which involves the
manda-corrected sighrocca of the planet. This peculiarity of the rule for calculating the
latitude of an interior planet was repeatedly noticed by various Indian astronomers, at
least from the time of Bhaskara I (c.629) onwards. The celebrated astronomer
Bhaskaracarya II (c.1150) also draws attention to this peculiar procedure adopted for the
interior planets, in his Vasanabhasya on his own Siddhantasiromani, and quotes the
statement of Caturveda Prthudakasvamin (c.860) that this peculiar procedure for the
interior planets can be justified only on the ground that this is what has been found to
lead to predictions that are in conformity with observations:'®

A ST e fd F Fear A1 e st 7 oftenge ud wiagEaidl
T TEEATH| TV TIPS A d| d SEATATATH TTTATIT| TAT F T BT ATH |
FERAT: fTETgeT ITa Seaearaa 39 TAeaeamy g6 qaid s said
FATHAT AT ah T 3d T AT LTINS Fid:|

'8 Murali Dhara Chaturvedi, Siddhantasiromani, 402.
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The latitude (deflection from the ecliptic) that is obtained by using the sighrocca
and the node must be the latitude at the location of sighrocca and not at the
location of the planet, as the planet is somewhere else. Therefore this (procedure
for the computation of latitudes of an interior planet) seems to be without any
justification. However even Caturvedacarya (Prthiidakasvamin) has concluded as
follows in his commentary on Brahmasphutasiddhanta: ‘The latitude at the
location of the sighrocca of the planets Mercury and Venus, corresponds to the
latitude of the planet itself wherever it may be; here the upalabdhi (agreement
between the calculated results and observations) is the only justification as we are
unable to give any other reason.’

In fact, in an attempt to resolve this seeming contradiction in the traditional method of
calculation of the latitudes of the planets, the celebrated Kerala astronomer Nilakantha
Somayaji (c.1444-1550) came up with a fundamental revision of the traditional planetary
theory. In his treatise Tantrasangraha (c.1500), Nilakantha proposed that what was till
then thought of as the sighroccas of Mercury or Venus should be identified with the
(mean) planets themselves. This led to a more accurate formulation of the equation of
centre and the latitude of the interior planets than was available either in the earlier Indian
works or in the Greco-European or the Islamic traditions of astronomy till the work of
Kepler, which was to come more than a hundred years later. (Incidentally, it may be
noted that the celebrated works of Copernicus (c.1543) or Tycho Brahe (c.1583) did not
bring about any improvement in the planetary theory of interior planets as they merely
reformulated the ancient planetary model of Ptolemy for different frames of reference). In
fact, in so far as the computation of the planetary longitudes and latitudes is concerned,
Nilakantha’s revised planetary model closely approximates the Keplerian model, except
that Nilakantha conceives of the planets as going in eccentric orbits around the mean Sun
rather than the true Sun.

In his Aryabhatiyabhasya, Nilakantha has presented the detailed rationale for his revision
of the traditional planetary theory:"

ofteraerg e S| FIHASAA| 9 W ieraeT [T aauEaeTed AagHe
T (AT IHUELTR T | T e qHuaeEaeT 8T IT9erd| &b g
FersEreficdd o T@gduEgd AL, Tdg ThIed Jeedd /acad
T THOTHIA ST FarerefieaT | aeq Aaa i ga o qeqsmaarsad| ...

TAg<h AATd| TATGHOEGA T : FARId| TAT Algdd TaT 5| eI ug

dadTcd QRHHIHK'GHCL NECNIME G WQIlng 1 'HJICU CMI{N a<dd
AMecaTeay ua g dTEgaored afsar U S| qurere--

¥ S.K.Pillai, ed., Aryabhatiya Golapada with Bhasya of Nilakantha (Trivandrum:Trivandrum Sanskrit
Series, 1957), 8-9.
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TAFATRE FTEIRTN =9 =l g Fearn: weerq g
JUOEATHFANNHG  EFYAIGAH| TAT FoeAE" oy Tawvasedl-
UEATIGRHTHRY ] TAHAAT| SATAT: TAETRTRU AT agTa T ey ATL: ST

The latitudinal motion is said to be due to that of the sighrocca. How is this
appropriate? Isn’t the latitudinal motion of a body dependent on the motion of that
body only, and not because of the motion of something else? The latitudinal motion
of one body cannot be obtained as being due to the motion of another. Hence [we
should conclude that] Mercury goes around its own orbit in 88 days... However,
this also is not appropriate because we see it going around [the Earth] in one year
and not in 88 days. True, the period in which Mercury completes one full
revolution around the bhagola (the celestial sphere) is one year only [like the
Sun]...

All this can be explained thus: Their [Mercury and Venus] orbits do not
circumscribe the earth. The Earth is always outside their orbit. Since their orbit is
always confined to one side of the [geocentric] celestial sphere, in completing one
revolution they do not go around the twelve signs (rasis). For them also really the
mean Sun is the sighrocca. It is only their own revolutions, which are stated to be
the revolutions of the Sighrocca [in the Aryabhatiya]. It is only due to the
revolution of the Sun [around the Earth] that they (i.e. the interior planets, Mercury
and Venus) complete their movement around the twelve signs [and complete their
revolution of the Earth]. Because the sighra-epicycle is larger than their orbit, their
orbit is completed on one side of the sighra-epicycle. Just as in the case of the
Jupiter etc. [the exterior planets] the sighrocca (i.e., the mean Sun) attracts [and
drags around] the manda-orbits on which they move (manda-kaksya-mandala), in
the same way it does in the case of these [interior] planets also. And it is due to this
attraction that these [interior planets] move around the twelve signs.

The above passage also exhibits the clinching argument employed by Nilakantha.
Starting from the fact that the motion of the interior planets was characterised by two
different periods, one for their latitudinal motion and another for their motion in
longitude, Nilakantha arrived at what may be termed a revolutionary discovery
concerning the motion of the interior planets: That they go around the Sun in orbits that
do not circumscribe the Earth in a period that corresponds to the period of their latitudinal
motion and that they go around the Zodiac in one year as they are dragged around the
Earth by the Sun.

It was indeed well known to the ancients that the exterior planets, Mars, Jupiter and

Saturn, go around the Earth and that they also go around the Sun in the same mean
period, because their geocentric orbit was outside that of the Sun. Nilakantha was the first

14



savant in the history of astronomy to clearly derive from the computational scheme, and
not from any speculative or cosmological argument, that the interior planets go around
the Sun in an orbit that does not enclose the Earth, and the period of their motion around
Sun is also the period of their latitudinal motion.

In his works, Golasara, Siddhantadarpana, and a short but remarkable tract
Grahasphutanayane Viksepavasana, Nilakantha describes the geometrical picture of
planetary motion that follows from his revised planetary theory, according to which the
five planets Mercury, Venus, Mars, Jupiter and Saturn move in eccentric orbits (inclined
to the ecliptic) around the mean Sun, which in turn goes around the Earth. (This
geometrical picture is the same as the model of solar system proposed in 1583 CE by
Tycho Brahe, albeit on entirely different considerations). Most of the Kerala astronomers
who succeeded Nilakantha, such as Jyesthadeva, Acyuta PiSarati, Putumana Somayaji,
etc., seem to have adopted his revised planetary model.

In his other great work, Jyotirmimamsa, Nilakantha has highlighted the importance of
preparing the practitioners of the science of astronomy for the onerous task of
continuously observing the skies, continuously checking their computations against
observations and repeatedly re-adjusting their parameters and theoretical procedures so as
to make their calculations accord with reality. Indian astronomers had always been
acutely aware that their astronomical parameters and even theoretical procedures could
get out of tune with reality sooner or later, and the Indian texts repeatedly emphasise the
need for updating and revising the parameters and theoretical schemes so that their
computations conform to observations. In Jyotirmimamsa, Nilakantha has dealt with this
issue in great detail as is evident from the following somewhat long quotation from this
seminal work:*’

A AT TR T AT RO [GeAT: TaT] Taed Jgured o TaeaHarns:
T I ZaTT TeIHHTAT ot (eATes AT R STAIA| A TaahIhahTad:
THTIT glarl qarogd T 3ea=l...

TAATTEGUY TEGIAHE Tgq TATTHRHTE T8 T gl 6T : TEi97aT:
forfoefaammg. fRagg wirganme =i sErmsRetsra . gigatg: 9%
T T T

G 1 - I |2 R D S L R R EC I EALE R
HRATEAATHAER TEIRE [[FAEe: 98 TAIQEHT qerrasiars: Maaeer =
hiEAeI=d | T8 Fd: TN FEO: HAAAT TRIEUTAATATy  Afaddatamarg
=i =q A7 HAH| IFATHETET ATdaqeagqid| T 9 TF: Jg[T el a7 TEaHan

2 K.V.Sarma, ed., Jyotirmimansa of Nilakantha (Hoshiarpur, Punjab University Indological Series, 1977),
1-8.
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SURAA TaHad F FEAM AMAEA  TEHASAMEHAG THEgd  sadraErad|
TG W7 (A9 SAtaar ane =i ..

SAfaeemaE [T FroRgfaiwm] grer serfeartertatadane - fafeee-
ATAH A S TR AT AT AT ST AT TR A AT HHTAATE |

A EEETEEIETd AT T ae Fw=1e: Sfaauraged Toq&
Hars: qqr Afsaraaes e TR e aaede T e TaiTaraaed
ATHATH HATE: TLEH ATTRLT: i TR s ard STHvaqH 36T | ..

AT T THATIATRT  THhASARAI: Terded T q:  AgheuIe-
AT | 1T TaHE T ME e s a8 TRAA I |

o

AT FIHEE A9 TaTHgiedad  Teaiawgre  fgwar ot

MEraae afq FTAA:| FTAHe qid FATSITE  ATqTEATdaiehdb  Hafor
ATt &:| FHawed gia Arar=se:| g 9% a5 Al afaarn: &1’

FAAT /A F  Edem:|  [EEIUOEedy: HEg T Al
T RETAEaTad FrachTe T SHEAIH| A9 7 T: Frgrea: geiaasarar
AT HISTATU: | FOAHATEA T : TR goar asmaer:| T el
TTFAIGaeT e Aid 90 T8 T 99T srear i e figea: JorT
THAATY TQ T TEATRSEHA AT TTAThSTUSH ATE” M 1.

TEAT FASTOT T A THEATATGAHE STTETASH| o T: FHFAATI R0 FedT Aleh
TG | FOHE (8 AT qefd o Sl

The number of revolutions etc., enunciated in the Gitika [pada of Aryabhatiya) are
accurate only at the time of its composition, when they would have been tested for
consonance with eclipses etc. Currently, in the third divine year [of 360 years each]
after the composition of the text, one finds great differences [between calculations
and observations]. All eclipses are now seen at times later than those computed
[according to Aryabhatiya)....

It is only to lay at rest such criticism, which is bound to be made by others, that
[Aryabhata] gave the method of examination (pariksaprakara), all the techniques
of which are expressed merely by the three words “The Sun [is ascertained] by the
conjunction of the earth and Sun, by the conjunction of the Sun and the Moon [the
Moon is ascertained].” By following these techniques only, the wise can do proper
examination.
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Some people indeed believe that, pleased by his penance (fapas), Brahma
instructed Aryabhata the number of revolutions, [dimensions of] epicycles etc.,
which are to be employed in calculating the motion of planets; and that Aryabhata
encapsulated all that instruction faithfully in ten Gitika verses. And so, [you may
argue], how can we conceive of putting that [instruction] to test, since Brahma is
indeed omniscient and free from all mental aberrations such as attachment, hatred
etc., and is certainly free of error? You dim-witted, it is not so. The grace of gods is
only for attaining clarity of intellect. Again it cannot be that Brahma or Sun would
come himself and instruct. In fact [Aryabhaga] states more or less the same in a
later verse.

‘By the grace of Brahma, the precious jewel of excellent knowledge [of Jyotisa]
has been brought out by me by means of the ship of my intellect from the sea of
true and false knowledge, by diving deep into it.’...

The author of Tantravarttika [Kumarilabhatta] also has stated that the knowledge
of the motion of planets is through inference, by noting that ‘in astronomy also the
knowledge of tithi and naksatra is founded on an unbroken tradition of calculation
and inference, based on the measure of yugas, and the rates of motions of the Sun,
Moon etc.” The ‘unbroken tradition’ is also explained [in the commentary Ajita of
Paritosamisra] as follows: ‘The correlation of the computed Moon etc., with actual
observation at a particular place, the inferred revised computation on the basis of
such correlation being transmitted as tradition, it being correlated again (with
observation and again revised) and transmitted further down to others ... this is how
tradition is continued without interruption, and hence its continued validity.’

Therefore pariksa (examination) is to be done continuously, following the tradition
of disciples and their disciples etc., by all...

It is only because Aryabhatiya has enunciated the supremacy of pariksd, that it is a
relevant and valid text for all places and times, and not because of any specialty of
the revolution numbers and other parameters stated therein. It is this rule of pariksa
which gives it an exalted status in relation to other siddhantas....

A commentator on the Manasa (Laghumanasa of Mufjala) has lamented: ‘Indeed,
the siddhantas, like Paitamaha, differ from one another [in giving the astronomical
constants]. Timings are different as the siddhantas differ (i.e. the measures of time
for any particular event as computed by the different siddhantas differ). When the
computed timings differ, Vedic and domestic rituals, which have [correct] timings
as a component [of their performance] go astray. When rituals go astray, worldly
life gets disrupted. Alas, we have precipitated into a calamity.’

Here, it needs to be stated: ‘O faint-hearted, there is nothing to be despaired of.
Wherefore does anything remain beyond the ken of those intent on serving at the
feet of the teachers? One has to realise that the five siddhantas had been valid at a
particular time. Therefore, one should look for a siddhanta that does not show
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discord with actual observations [at the present time]. Such accordance with
observation has to be ascertained by astronomers during times of eclipses etc.
When earlier siddhantas show discord, observations should be made with
instruments and revolutions etc. obtained, [which would give results which accord
with actual observation] and a new siddhanta enunciated. Thus, nobody will be
ridiculed in this world nor punished in the next’....

Therefore, the purpose of the sastra is to create in students the capacity for
examining the motion of the planets. They, in turn, should function in the world by
composing a karana [computational manual suitable for their epoch] which is in
accordance with observations. Only such karanas can be accurate and of use in
worldly affairs.
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