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3T a
(but)
®r

Guttural

Palatal

Cerebral

Dental

Labial

Semi-vowels

Sibilants

Key to Transliteration

AT a
(palm)
£l

3 au
(loud)

=+ ka
(skate)
= ca
(chunk)
Tta
(start)
dta
(path)
qpa
(spin)
Fya
(voung)
T sa

(shove)

VOWELS
gi ER
(it (beet)
g*1 Te
(play)
CONSONANTS
@ kha T ga
(blockhead) (gate)
© cha S ja
(catchhim)  (john)
3 tha << da
(anthill) (dart)
9 tha Tda
(thunder) (that)
Tpha o ba
(philosophy)  (bin)
Tra  la
(drama) (luck)
T sa Hsa
(bushel) (so)

3u

(put) (pool)

T ai 3o

(air) (toe)

¥ gha Tna

(ghost)  (sing)

¥ jha I fa

(hedgehog)(bunch)

g dha Tna

(godhead)

4 dha A na

(breathe) (numb)

4 bha 9 ma

(abhor)  (much)

=t ] 9 va
(vile)

g ha

(hum)

31 (—) m or m amusiura like samskrti/or somskrti

T visarga=h

s Avagraha indicate elision of short vowel a, has no

phonetic value.
*No exact English equivalents for these letters.



Foreword

The knowledge of Astronomy in ancient India had reached to
a remarkable height by Aryabhat, Bhaskara-1, Brahmagupta,
Bhaskaracarya, Jianaraja and many others. Vedanga Jyotisa (1370
B.C.) is considered to be the first astronomical text where we found
five-year Yuga system. This Yuga-system was continued to be fol-
lowed till Paitamahasiddhanta (80 C.E). After Paitamahasiddhanta,
Indian astronomy had started taking turn into a new Era. In the old
Stryasiddhanta (200 C.E.), the drastic change is noticeable — (i)
five-year Yuga-system was no longer followed (ii) mathematical
astronomy was linked with observational astronomy. Eventually,
mathematical astronomy got prominence in Aryabhatlyam (499
A.D.). The primary source materials of ancient astronomy were
coined in Sanskrit Language whereas medieval source materials are
taken from Arabic and Persian manuscripts.

The present publication Siddhantasundara (1503 A.D.) is a
later astronomical work composed by Jianaraja, who followed
Brahmasiddhanta in Sakalyarisahita. Indian astronomical works
are divided into different schools like brahmapaksa, aryapaksa,
ardharatrikapaksa and saurapaksa. Siddhantasundara belongs to the
last category. The text has two major sections — (i) grahaganitadhyaya
(i1) goladhyaya. Grahaganitadhyaya focuses on mathematical aspect
of astronomy and Goladhyaya deals with cosmology and allied
matters. Here, he explained cosmology related myths found in the
Puranas.

The critical edition is prepared by Dr. Jagatpati Sarkar and
Sri Somenath Chatterjee. This book contains critically edited
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Sanskrit text, notes in English and critical apparatus. Sri Somenath
Chatterjee, an independent researcher on Indian astronomy and
science have worked hard to prepare this critical edition. Two
astronomical texts (i) Bramasiddhanta and (ii) Somasiddhanta of
Somenath Chatterjee have already been published by the National
Mission for Manuscripts. Hope he will continue his searching of
Indian astronomical manuscripts to throw new light on the subject.

The Mission invites experts to come forward to work on Science
related unpublished Indian manuscripts and to engage young
researchers on the job so that rich scientific knowledge of our
ancestors receives appropriate appreciation.

Prof. Pratapanand Jha
Director
National Mission for Manuscripts



Introduction

Introduction

Siddhantasundara is a significant work of Jfianaraja, son of great
scholar Naganatha, containing all the previous knowledge of astron-
omy. The epochal positions which Jiianaraja has given in his work,
Siddhantasundara, are true for Saka 1425 or 1503 CE. This was evi-
dently his date. Jianaraja has written the astronomical book having
two main parts Goladhyaya and Ganitadhyaya. Verses which are
found in different manuscripts are different in number like mad-
hyagatihetu chapter etc. Cintamani, the son of Jianraja, made a
commentary on his book in detail and that commentary is available.

The Sidhantasundra follows Brahmasiddhanta in Sakalyasarihita
which follows the Stiryasiddhanta. It gives the epochal positions of
planets and annual rates of motion for finding the places of different
planets. These positions and the rate of yearly motion of planets,
completely follow the modern Suryasiddhanta. The compiler
explained an important term “‘ayanamsa’ as the difference between
the sun’s position calculated from the shadow cast by the noon sun
and that obtained from calculation based on a karana work™.

Siddhantasundara is a work having explanations of theory
in different view from Bhaskaracharya. The yantramala chapter
describes one new instrument. Vedanga Jyotisa is the first
astronomical work compiled by Lagadha in 14" century BCE. But
we get instances of the astronomical knowledge in Vedic texts and
Puranas.
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Evolution of Astronomical knowledge in Vedic period

The Vedas are the first literary documents in the history of man-
kind, and the Rgveda Samhita forms the oldest part of the corpus
of Vedic literature. Initially passed down through generations over
centuries as oral tradition, this valuable treasure of the ancient world
has been preserved in the form of manuscripts in different parts of
India. Of course, none of the available manuscripts of the Rgveda
Sambhita predates 14" century CE. However, a continuity of Rgvedic
tradition is retained for more than four thousand years, recited by
chanters, and transmitted from teachers to students in both oral and
written form. No land on earth has such a long cultural continuity,
even though there were ancient civilizations like the Babylonian,
the Egyptian and the Chinese. Information regarding the Rgveda
reached Europe in the 18" century CE. Various attempts were made
to publish and make the translation in Latin, German, English, and
French outside, and in Bengali, Hindi, Marathi, Telugu, Kannada,
Malayalam etc. in India. The National Mission for Manuscripts has
been taking lot of initiatives to conserve them. It is a matter of great
satisfaction that it is through their effort that recently thirty manu-
scripts of Rgveda Samhita lying in Bhandarkar Oriental Research
Institute (Pune) have been nominated for inscription in UNESCQO’s
Memory of the World Register. Despite these activities and import-
ant contributions made by scholars, both Indian and foreign, there is
enough scope left to appreciate the extent of contribution of Vedic
people in the field of mathematics and astronomy.

Among the four major Samhitas, the Rgveda, Samaveda,
Yajurveda and Atharvaveda there is no doubt that the Rgveda
occupies a prominent place and is regarded by Indians as revealed
scripture and as such the fountainhead of their religious beliefs and
practices, ethical and social codes, and spiritual knowledge. We get
a history of the people known as Vedic people who were mostly
referred to as the Indo-Aryans, and have passed through many a
transitions from hunter-gatherer society to early food production-
domestication of animals—community living — ritual practices—oral
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tradition-computation abilities—abilities—observation of seasonal
variation- fixation of time etc. and made positive contribution to
society and culture. The Vedic people lived almost in the same
river valley regions as those of the Harappans & Mohenjo-daro
people, and they were designated sometimes as autochthonous
groups like Proto-Brahmin, Proto Dravidian based on Harappan-
Rgvedic and Mohenjo-daro Atharva-vedic cultural affinities or other
characteristics, reshaped and resuscitated in village surroundings.
The root, vid, means ‘to know’, and suffix, Veda, with major Sarnhitas
and Brahmanas indicate the knowledge of the early Vedic people.
There was no idolatry, no temples for the gods. The concept of
gods grew gradually. Assemblage of these groups might have taken
place much early and the tradition of knowledge had passed through
generations. We will discuss here from the time when they had
established themselves in the Sarasvati, Drsyavati and Ganga region
following a tradition as old as 4000 BC if not earlier. Their thoughts
and religious practices are available to us in the collections like
Sarhhitas, Brahmanas and Aranyaka-Upanisads. There is a great deal
of unity and intermixture of materials among first two groups, and in
general it is presumed that Samhitas are older than Brahmanas, and
Brahmanas than Aranyaka-Upanisad. It is not unlikely that some of
the Brahmanas are older than or contemporaneous with some of the
Sarhhitas and so on. The Aranyaka-Upanisads were a special type
of literature dealing with soul, a mental adventure, a very distinctive
new type of enquiry to know the inner world and was set to find
truth about things. These early works were based on oral tradition
and copied at a later stage as and when the language and grammars
were reasonably standardized. The Agni (Fire) was considered a
primordial God in the Rgveda beside others, however, and quite a
large number of verses / prayers deal with agni, agnicayana, vedis
(fire-altars), course and time for oblations, thereby explaining the
basic tenets and philosophy of life. The activities give information
on the system of counting, knowledge of shapes for altars, cardinal
directions and their co-relation with reference to Sun, Moon, Stellar-
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frame of zodiac of 28 or 27 naksatras (stars, group of stars, asterism
or lunar mansions), east-west zodiacal points (equinoxes when day
and night are equal), north-south zodiacal points (solstices when
the day is longest or shortest), seasons and other related matters.
These helped to develop numbers as big as 1018 based on a decimal
scale, concept of natural units of time like dina (day & night),
masa (month), vastsara (year) based on a luni-solar system, idea of
yuga (of 5, 6 or 7 years) to make an idea and compromise between
various types of civil, tropical, lunar and sidereal years, and even an
eclipse cycle of 18 years for finding proper times for more crops,
plants, animals, arts, crafts and better knowledge of life including
mathematics and astronomy.

The Vedanga literature, developed subsequently, are considered
part of this tradition and contains expert extended knowledge on
the construction of fire-alters including times for worship which
shows great professionalism in some specific areas. The knowledge
in these branches of study arose within the Vedic schools themselves
as a necessary condition for mastering the Vedas and are handed
down from generation after generation by teachers to his students
(guru-Sisya-parampara) by a unique method of oral transmission
($ruti). The Vedic gods and rituals become secondary during the
Vedanga phase and the life began to be interpreted in a different
manner, following the age-old tradition more rationally. The early
Vedic tradition of agnicayana, chandas, and calendar continued
and the problems were handled more professionally which
contributed largely to mathematics and astronomy. The agnicayana
got a methodical treatment in the $ulbasiitras, here specialists
like Sulbakaras (cord-markers or cord stretchers responsible for
construction of alters of various shapes, Sulba means cord) istakaras
(brick-makers of specified size), chandakaras (for reciting of verses
during ritual) etc. The sulba works give detail method of construction
of geometrical figures and their transformation of one figure to
another, make the cords ready for stretching by giving numbers by
traditional methods, then improving it by their own knowledge by
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ekarajjuvidhi, dvirajjuvidhi using triplets (a, b, ¢ satisfying properties
of right-triangle: a*> + b*> = ¢*) expressed in integers, rational
numbers and even irrational numbers. This prompted to make a
general statement of the ‘theorem on the diagonal’, value of V2 ,
several values of m which are unique of its kind if compared with
the contemporary cultures. The metrical problems in connection to
chandas likewise extended the knowledge for detection of different
layers of 2, 3, 4, 5, 6. Syllabic chandas based on two sounds (laghu,
short and guru, long), leading to the binomial expansion (meru-
prastara technique by commentator Halayudhya). The Arca Jyotisa
and Yajus recensions of the Vedanga Jyotisa adopted the 5-year
yuga system starting it in Winter solstice from the beginning of
Dhanistha naksatra. The naksatra was conceived, not as star grups,
but as a space in lunar zodiac (longitude) and is equal to 13 5/9 days.
The coordinates of yogatara (junction star) of each naksatra space
have also been attempted along with the positions of full moons in a
yuga, beside others. Some of these aspects appear to be original and
unique in their approaches and methodology for finding a solution.

The Jyotisa (Astronomy) in Later Vedic Tradition

The Jyotisa tradition of this phase is followed from the RVJ and YVIJ
recensions of the Vedanga Jyotisa (VJ) compiled by Lagadha with
provided the priests with means to compute the prescribed times for
performing sacrifices.

The main architect of both RVJ and YVIJ versions is ascribed
to Lagadha (RVJ.2; YVJ.43), though Weber ( 1862) in his edition
has left the YVIJ verse as unnumbered at the end. There is evidence
that the versions have been compiled by his disciple Suci, Somakara
and others. Weber’s “Uber den Veda, Namens Jyotisha” published
in Berlin contains an edition of the complete text based on the
comparison of a great number of manuscripts, the gloss on the text by
Somakara, translation of the text based on Somakara’s edition, and his
own notes based on large number of sources like Gargasarhhita and
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other texts. The edition and the interpretation have been reassessed
and a large number of publications have been brought out in the
last hundred years or more by scholars like Thibaut (1877), Dvidedi
(ed.1908), Shamasastry ( 1936) , Kuppanna Sastry and K.V Sarma
(ed. 1984), Yajnik ( 1985) and others. The effort was initially made
to edit, emend and to interpret the text. Comparative analysis of both
RVJ and Y VI recensions have also been attempted by Dixit (1957),
Cakravarty (1975) besides Yajnik and Kupanna Sastry and others.
After Kuppanna Sastry brought out the critical edition published by
the Indian National Science Academy (Delhi, 1985), a lot of interest
has been created and a series of interesting papers have been brought
out by Abhyankar (1993), Kak (1998), Iyengar (2005), Gondhalekar
(2008), etc. The edition of Kuppanna Sastry has been used here for
critical assessment for our purpose. The RVJ recension consists of
36 verses and the YVJ of 44 verses. Both RVJ and YVJ recensions
have about 30 verses in common with some variations in readings.

The astronomical elements, and the position of equinoxes,
according to Kuppanna Sastry, indicate that they carry information of
Samhitas and Brahmanas and was conceived between 1370 BCE to
1150 BCE. However, for historical reasons, the date of compilation
is adduced to about 500 BCE.

Asregards the purpose of Vedic ritual (yajiias), the VJ emphasized
thus

‘The Vedas have indeed been revealed for the purpose of the perfor-
mance of yajfias. But the yajfias are to be performed in different seg-
ments of time as appropriate. Therefore, only he who knows the science
of time, namely jyotisa, understands fully the performance of yajfias’
(RVJ. 36; YVI.3).

Units and their significance

Yuga: 5-year yuga is conceived. The names are: Samvatsara, Pari-
vatsara, Idavatsara. Anuvatsara, and Idvatsara. These were known to
other scholars with some variants in certain places.
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Solar month (saura-masa): It is defined here as one-twelfth of a
year and is equivalent to 30 days;

Savana dina: It is a civil or natural day from sunrise to sunrise; in
a year there are two ayanas (northward or southward), each having
183 days, total being 366 days; for the whole course, the increase or
decrease is 183 x 4/61 nadikas = 12 nadikas or 6 muhirtas (RVJ.7;
YVI.8);

1 savana day = 30 mubhirtas (including day and night); day
length at equinoxes = 15 muiirtas; shortest day at Winter solstice-
12 muhiirtas; longest day at Summer solstice = 18 muhiirtas.

Savana month: It is equivalent to 30 savana days.

Synodic month (candramasa) and lunar phases: One yuga has 62
synodic months or 1860 tithis; in other words, 1 synodic month =
30 tithis. There were 30 phases or tithis in a synodic or lunar month;
15 following full moon (purnima), presently indicated by K1, K2,
K3...... K15 (Krsna-paksa, dark fortnight), and 15 following New
moon (amavasya) indicated y S1 S2, S 3...S15 (Sukla paksa, bright
fortnight ).

Tithi: It is defined as one-thirtieth of a synodic month;

Adhika (or Intercalary) months: There are 62 synodic months,
hence it is clear that there are two intercalary months in a yuga of
5 years; i.e. after 30 months, an extra (adhika) month is added to
complete the half-yuga.

Paksas or Parvas: Each synodic month has 2 paksas or parvas; in
one yuga of 5 years (or in 62 synodic months), one yuga has 62 x 2
= 124 paksas or parvas; each paksa or parva having 15 tithis; each
day is divided into 124 parts, which again divided into 4 bhaga or
pada, each pada being 31 parts.

The verse (RVJ.4; YVJ.13) gives a rule for calculating parvas (or
parva-rasis), which says that parvarasi = [(n — 1) x 12 +m] 2 +
1 + extra 2 (for every 60 parva gone), Where n = no. of years of the
yuga referred, and m = no. of months. An example for calculating
Parva-rasi before the point of time of starting Anuvatsara Karttika
Bahula Navami is given as 91, forn =4, m = 9.
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Ksaya or hina-parvas: A yuga had 1830 (= 61 x 30) days and
1860 (= 62 x 30) tithis in VJ. Normally, 30 tithis were dropped
as ksaya-tithis, and the dropping of one tithi in every 61 tithis in a
yuga is the answer. However, YVJ.12 has hinted that a parva-tithi
(purnima or amavasya) is to be dropped if it lasts for less than one
pada (31 parts) of a day. Evidently, amavasyas at the end of 14 even
Parvas (4, 8, 12, 16, 20, 24, 28, & 66, 70, 74, 78, 82, 86 and 92), and
purnimas at the end of 16 odd-parvas (33, 37,41, 45, 49, 53, 57, 61
& 95,99, 103, 107, 111, 115, 119 and 123), total being 30, are to be
dropped. Various corrections have been offered by different scholars
which have led to 15-, 19-, 30-, 95- years yuga cycles.

Rtu: Six rtus or seasons in a year are recognized; consecutive
rtus occur at an interval of 2 synodic months and 2 rtus, covering
30 rtus in 62 synodic months in a yuga. Each rtu covers 27/6 or 4%,
naksatras, or in other words, the Sun or Moon, moving through 45
segments, is related to a rtu (RVJ.9d; YVJ.10d). In a 5 year yuga,
there are 30 rtus and 62 synodic months; 1* rtu in a yuga is Sisira
and the first rtu-month is Tapas (Tait S.IV.4.11.1; RV].7; YVIJ.6),
Tapas and Tapasya being the month of Sisira; the consecutive rtus
occur at an interval of 2 synodic months and 2 rtus; obviously, it
says that the 8" rtu falls on 15" tithi which is purnima (YUJ.11).

Naksatra: Number of naksatras is 27; also conceived as a 1/27%
space of the stellar zodiac (or ecliptic) or 360° (or an arc space of
13°20); the Sun also stays 366 days in the ecliptic, the Sun covers
each naksatra in 366/27 = —13 5/9 days; the ecliptic division of 12
rasis of 30° each were not known at the time of Vedanga Jyotisa;
however, the word ‘rasi” was used in VJ (RVJ4;YVJ.13) in the
context of lunar phase but not in connection to ecliptic division.

Amsas: The naksatra or asterismal segment is divided into 124
parts, and one arhsa is equal to 1/124™ segment of the naksatra, or in
other words, one amsa represents the 124" segment or alternately an
(hour) angle of nakasra; it is used for calculation of New moon and
full moon in connection to Javadi naksatras.
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However, the verse (RVJ.10; YVIJ.15) gives a rule to calculate
the ams$a of Sun and Moon of each naksatra and at the end of a
particular parva. One yuga cycle has 62 lunar months (lunations) and
67 sidereal months; 1 lunation = 67/62 = 1(+ 5/62) sidereal months,
and in one sidereal month Moon passes through 27 naksatras. So in
1 lunation of Moon passes through 27 x 67/62 = 27 (1 4 5/62) =27
+ (27 x 5)/62) =29 + 11/62 or 29%¥'** naksatras, i.e. the separation
of successive New (or Full moons is 2922/124 naksatras, and the
separation of a New and Full (or Full and New) Moon is the half,
that is (14 + 73/124) or i.e. 147¥1>* naksatras each.

At New moon, the Moon is with the sun and the bhamsas are
the same. At Full moon, the Moon is opposite to the sun i.e. 13/12
naksatras away or 13 naksatras and 62 bhamsas away. The parva
ends with a full moon, dina the sutra says that the Moon’s bhamsa is
found by adding 62.

The Sun, in each yuga of 5 solar years, passes through 27 x 5 =
135 naksatra segments in 62 synodic months or 124 parvas, so each
parva passes through 135/124 = 1 4 11/124 naksatra-segments, i.e.
at the end of 1 parva, the Sun’s bhamsas is 11, then the Moon’s
bhasas will be (11 + 62 ) = 73. Obviously, at the end of 93 parvas,
Sun passes through (20 4 31/124), i.e. Sun’s bharmsas w r t naksatra
Sravistha = 31, and Moon’s bhasas = 31 + 62 = 93.

Lagna: Lagna at the end of any parva is the rising point of Sun
with reference to Sravistha asterism or zodiac;

Lagna = (bharmsa of the Sun w r t Sravistha x 27)/124. At the
end of 93" parva = (31 x 27)/124 = (6 + 93/124), i.e. 93 bhamsas
of Bharani; this is the rising point (lagna).

Day Division: 1 day = 30 mubhiirtas (or 24 hours) = 60 nadikas
(1 nadika = 24 minutes) = 603 kalas (1 nadika = 10 1/20 kalas); 1
kala = 124 kasthas; 1 kastha (RVJ.16; YVJ.38). For nadika measure,
discussion of Clepsydra may also be seen.

Tithi & Naksatra: In a 5-year yuga cycle, there were 10 ayanas in
62 synodic months, so one ayana had 6 synodic months and 6 tithis,
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so every 7" tithi comes in the beginning of the solstice. Both RVJ 8.
And YVJ.9 say:

‘The 1st, 7th and 13th tithis of the bright fortnight and the 4th
and 10th of the dark fortnight are at the beginnings of the first five
ayanas. These occur twice’ (i.e. these five are to be repeated for the
next five ayanas) [RVJ9a-c: YVJ10a-c].

‘The naksatras at the beginning of the ayanas are Sravistha, Citra,
Ardra, Pirva Prosthapada, Anuradha, Aélesa, A$vini, Plirvasada,
Uttarphalgunt and Rohint’ (RVJ8 a-c; YVJ 9a-c) (Vide Table 1)

Table 1: Successive tithi & Naksatra at the beginning of the Ayana in a
S-year cycle

Name of the
SI No. 5-years cycle Winter solstice Summer solstice
1. Samvatsara ~ Magha S1-Sravistha ~ Sravana S7-Citra
2. Parivatsara ~ Magha S 13 Adra Sravana K4-P.
Prostapada
3. Idavatsara Magha K10-anuradha Sravana S1-Aslesa
. Anuvatsara ~ Magha S7-A$vini Sravana S13-Pirvasada
5. Idvatsara Magha K4- Sravana K 10-Rohini

Uttaraphalgunt

The period of 5-years, 62 lunations and 1830 days in a Yuga was
supposed to recur regularly from the same initial point of Winter
solstice day fixed by the heliacal rising of Dhanistha/Sravistha. Tithi
and Naksatra may, however, differ, in case the 1 27 and 4™ year of
the 5-year cycle were taken to be of 12 lunations each, the 3" and 5
year of 13 lunations each, in order to fit the intercalated lunar years
completely with the sidereal years of the cycle. To detect the changes
of rising of stars at solstices was not easy to the naked eye or any
instrument available at that time, but changes in Moon could easily
be verified. After completion of the cycle, the same initial phase of
the Moon will occur on 1832 day, not on 1831 day as pointed out
before, for which 1 day’s intercalation was recommended.
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Beginning of 5-year yuga cycle.

Both Rg-vedic and Yajur-vedic recensions of Vedanga Jyotisa have
said:
‘When the Sun and Moon occupy the same region of the sky ( rise)
together with the asterism Sravistha/Dhanistha, at that time begins the
yuga, and the (synodic) month of Magha, the (solar), month called

Tapas, the bright fortnight (of the synodic month, here Magha), and
their northward course (uttaram ayanam)’. (RVJ.5; YVJ.6)

‘When situated at the beginning of the Sravistha segment, the Sun
and the Moon begin to move north. When they reach the midpoint of
Aslesa segment, they begin moving south. In case of the Sun, this hap-
pens always in the month of Magha and Sravana respectively’. (RVJ].6’
YVI.7)

In this context, Sastry notes that. ‘This is done for civil calendric
purposes, which demanded such simplification, just as, in modern
times, the year is taken by us now to have 365 days ordinarily, with
one day more in four years, calling it leap year, with its own further
exceptions. This serves only as a framework only for a religious
calendar. So, the Yuga cannot begin exactly at the first point of
Sravistha segment generally in every cycle unless corrected’.

Nasksatra, Bhamsa, New moon Full moon in a Yuga

The Vedanga Jyotisa had also followed system of 27 naksatras with
the same names and were adept in finding the New moon, Full moon
along with naksatras. Only difference is that it had started the 5-year
yuga-cycle from the New Moon of Sravistha, known as a ‘zero
point’. The naksatras in this cycle are counted in VJ (RVJ25-28) as
usual (with their presiding deities), as follows:
1. Dhanistha/Sravistha, 2. Satavisaj, 3. (Pu) Prosthapadas, 4. (Utt).
Bhadrapada, 5. Revati, 6. Asvayujau, 7. Bharani, 8. Krttika, 9. Rohini,
10. Mrgasirsa, 11. Ardra, 12. Punarvasu, 13. Pusya, 14. Aslesa, 15.
Magha, 16. (Pu.) Phalguni, 17. (Utt.) Phalguni, 18. Hasta, 19. Citra
20. Svatt, 21. Visakhe, 22. Anuradha, 23. Jesthya, 24. Mula, 25. (Pu)
Asadas, 26. (ut) Asadas, 27. Sravana.
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The word naksatra, was not meant the actual constellation in V1,
but 27 equal space of the ecliptic.

The reference of New Moon at Sravistha naksatra mark the Winter
solstice in the VJ. This indicates that the method of derivation of
New and Full moon at different naksatras were known.

1 Lunation = 67/62 sidereal months, and in one sidercal month
Moon passes through 27 naksatras. So in 1 lunation of the Moon
passes through 27 x 67/62 = 29 22/124 naksatras, i.e. the separation
of successive new (Full) moons is 29 22/124 naksatras, and the
separation of a New and Full (or Full and New) Moon in 14 73/124
naksatras each. One naksatra (space) is subdivided into 124 bhamsas.
Obviously in a yuga of 62 synodic months, the New/ Full moon will
occur at an interval of (14 naksatras 73 bhamsas). (Table 2).

Table 2: New moon and Full moon of 62 Synodic months with naksatra
and bhamsa in the 5-year yuga cycle; naksatra no = 27, bhamsa no = 124

New moon Full moon
Naksatra Bhamsa Naksatra Bhamsa
No no. no. Naksatra no. no. Naksatra
1. 0 0  Sravistha 14 73 Magha
2. 2 22 Pu. 16 95 Utt. Phalguni
Prosthapada
3 44 Revatt 18 117 Citra
4 66 Bharani 21 15 Anuradha
5 8 88 Rohint 23 37 Mila
6. 10 110 Ardra 25 59 Utt. Asada
7 13 8  Aélesa 0 81 Sravistha
8 15 30 Pu. Phalguni 2 103 Pu. Prosthapada
9. 17 52 Hasta 5 1 Asvayujau
10. 19 74 Svati 7 23 Krttika
11. 21 96 Anuradha 9 45 Mrgasirsa
12. 23 118 Mula 11 67 Punarvasu
13. 26 16 Sravana 13 89  Aflesa
15. 3 60 Utt. 18 9 Citra

Prosthapada
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New moon Full moon
Naksatra Bhamsa Naksatra Bharhsa
No no. no. Naksatra no. no. Naksatra
16. 5 82 Asvayujau 20 31 Visakhe
17. 7 104 Krttika 22 53 Jyestha
18. 10 2 Ardra 24 75 Pu. Asada
19. 12 24 Pusya 26 97  Sravana
20. 14 46  Magha 1 119 Satabhisaj
21. 16 68 Utt. Phalguni 4 17 Revati
22. 18 90 Citra 6 39 Bharani
23. 20 112 Visakhe 61 Rohini
24, 23 10 Mula 10 83 Ardra
25. 25 32 Utt. Asada 12 105 Pusya
26 0 54  Sravistha 15 3 Pu., Phalguni
27. 2 76 Pu. 17 25 Hasta
Prosthapada
28. 4 98 Revati 19 47 Svati
20. 6 120 Bharani 21 69 Anuradha
30. 9 18 Mragsirsa 23 91 Mula
31. 11 40 Punarvasu 25 113 Utt. Asada
32. 13 62  Aslesa 1 11 Satabhisaj
33, 15 84 Pu. Phalguni 3 33 Utt.
Prosthapada
34. 17 106 Hasta 5 55 Asvayujau
35. 20 4 Visakhe 7 77 Krttika
36. 22 26 Jyestha 9 99 Mrgasirsa
37. 24 48 Pu. Asada 11 121 Punarvasu
38. 26 70  Sravana 14 19  Magha
40. 3 114 Utt. 18 63 Citra
Prosthapada
41. 6 12 Bharani 20 85 Visakhe
42. 8 34  Rohini 22 107 Jyestha
43. 10 56  Ardra 25 5 Utt. Asada
44, 12 78  Pusya 0 27 Sravistha
46. 16 122 Utt. Phalguni 4 71 Revati
47. 19 20 Svatt 6 93 Bharant
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New moon Full moon
Naksatra Bhamsa Naksatra Bharhsa
No no. no. Naksatra no. no. Naksatra
48. 21 42 Anuradha 8 115 Rohint
49. 23 64 Mula 11 13 Punarvasu
50. 25 86 Utt. Asada 13 35 Aslesa
51. 0 108 Sravistha 15 57 Pu. Phalgunt
52. 3 6 Utt. 17 79 Hasta
Prosthapada
53. 5 28 Asvayujau 19 101 Svatt
54. 7 50 Krttika 21 123 Anuradha
55. 9 72 Mrgasirsa 24 21 Pu. Asada
56. 11 94 Punarvasu 26 43 Sravana
57. 13 116 Aslesa 1 65 Satabhisaj
58. 16 14 Utt. Phalguni 3 87 Utt.
Prosthapada
59. 18 36 Citra 5 109 Asvayujau
60. 20 58 Visakhe 8 7 Rohint
61. 22 80 Jyestha 10 29 Ardra
62. 24 102 Pu. Asada 12 51 Pusya

Javadi system, an indicator of New and Full moon:

The Vj gives the Javadi (Jau + adi) system, the abbreviated list of
naksatras, with Sravistha as Zero point in a 5 years-yuga (RVJ.14:
YVIJ.18), as follows:

1. Jau (A$vayujau), 2. Dra (Ardra), 3. Gah (Bhagah: Pii. Phalguni),
4. Khe (Visakhe), 5. Sve (Vi$vedevah: Utt. Asada), 6. Hih (Ahirbud-
hyah: Utt. Prostapada), 7. Ro (Rohin), 8. Sa (Aslesa), 9. Cit (Citra), 10.
Mi (Mila), 11. Sa (Satavisaj), 12. Nyah (Bharanyah), 13. St (Punar-
vasil), 14. Ma (Aryama: Utt. Phalguni), 15. Dhah (Anuradha), 16. Nah
(Sravana), 17. Re (Revati ), 18. Mr (Mrgasirsa), 19. Ghah (Maghah),
20. Sva (Svati), 21. Pah (Apah: Pi. Asada), 22. Jah (Ajacjapat: Pu.
Prosthapada), 23. Kr (Krttika), 24. Syah (Pusyah), 25. Ha (Hasta), 26.
Jye (Jyesthya), 27. Sthyah (Sravistha).

The arrangement at an interval of five naksatras (Javadi
naksatra) and the significance of their arrangement was originally



Introduction

not understood. The significance becomes evidently clear when the
New moons and the Full moons of Table 2 are arranged as per serial
order of their bhamsas, which indicate the Full and New moon and

their corresponding naksatras in a yuga cycle (vide Table 3).

Table 3:
New moon/Full moon in a yuga, New moon occurred in Sravistha
No. Naksatra no. Bhamsa no. Naksatra (Javadi)
1. 5 1 Asvayujau, Full moon
2. 10 2 Ardra, New moon
3. 15 3 Pa. Phalguni, Full moon
4, 20 4 Visakhe, New moon
5. 25 5 Utt. Asada, Full moon
6. 3 6 Utt. Prostpada, New moon
7. 8 7 Rohini, full moon
8. 13 8 ASlesa, New moon
9. 18 9 Citra, Full moon
10. 23 10 Miila,New moon
11. 1 11 Satabhia, Full moon
12. 6 12 Bharani, New moon
13. 11 13 Punarvasu, Full moon
14. 16 14 Utt. Phalguni, New moon
15. 21 15 Anuradha, Full moon
16. 26 16 Sravanﬁ, New moon
17. 17 Revati, Full moon
18. 9 18 Mrgasirsa , New moon
19. 14 19 Magha, Full moon
20. 19 20 Svati, New moon
21. 24 21 Pii. Asada, Full moon
22. 22 Pi. Prosthapada, New moon
23. 23 Krttika, Full moon
24, 12 24 Pusya, New moon
25. 17 25 Hasta, Full moon
26. 22 26 Jyestha, New moon
27. 0 27 Sravistha, Full moon
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At new moon, the Sun and Moon are in conjunction, the solar
and lunar bhamsa number is same. At full moon, the solar bhamsa is
known, the lunar bhamsa number can easily be calculated, the main
purpose being to find the suitable time for performance, It is true
serious attempts were definitely made to find a theoretical system,
but to what extent the system was correct and whether they had failed
depends on how the priest felt or could make up while performing
the sacrifices. Two passages from the Satapatha Brahmana (Sat. Br.
IX 1-5), for example, give enough hint about the situation when
the new and Full moon differed, as was seen in the sky, from the
calculated one:

“He observes fast thinking ‘today is the day of new moon’ and then
the Moon seen in the west and the sacrifice departs from the path of
sacrifice” (New moon occurs one day earlier than the calculated date).

“Some people enter upon first when they still see the Moon thinking
‘tomorrow he will not rise’ and in the morning he rises over again”
(New moon is delayed by one day than the calculated date).

This shows that the theoretical framework for determining tithi
and naksatras were just made but possibly not strictly relied on. This
is obvious since the formulas were drawn on the basis of the mean
motions of Sun and Moon.

How to find the coordinates of the Full moon at a particular
naksatra on a specified date in a yuga? Presently, these are calculated
with reference to Zero-point at the First point of Aries. But in VJ,
the yuga was conceived from Winter solstice at Sravistha, and the
corresponding Full moon and New moons were suggested as per
Javadi naksatra (i.e Asvini, identified as Piscium) and in serial
order of bharhs$as. The Vedic Aryas, on the other hand, had given
the list of naksatras from Krttika at Vernal equinox and might have
used it as origin and Zero-point for coordinates. Unfortunately. We
are not in a position now to know which exactly their zero point
was. To appreciate the Vedic system from the present perspectives,
modern scholars have made a survey to fix up the coordinates for the
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New and Full moon with reference to Vedic naksatras and bhamsa
numbers, an excellent summary of which are made by Gondelekar
(2009).

The methodology was fixed up to find the solution in two steps.
Step 1: the dates of the New moon at or within one day of the Winter
solstice between 1900 AD and 2000 AD from available calendars,
and the corresponding dates for 62 Full moons; separations are
noted along with names and width of the naksatra-sector starting
with Krttika, Full moon number, bharh$a number and ecliptic longi-
tude (Table 4);

Table 4: The width of the naksatra sectors (in degrees)

Naksatra FM bhamsa L FM bhamsa L WNS
Krttika 10 23 10.17 35 77 1598 13.34
Rohint 23 61 2749 48 115 33.45 13.69
Rohint 48 115 3345 60 7 21.23  14.03
Mrgasirsa 11 45 38.32 36 99 44,53 14.26
Ardra 24 83 5591 6l 29 50.48 12.47
Punarvast 12 67 67.90 37 121 73.74 13.41
Punarvast 37 121 73.74 49 13 61.69 13.84
Pusya 25 105 85.34 62 51 79.22  14.05
ASlesa 13 89 96.13 50 35 91.45 10.75
Magha 1 73 107.91 38 19 102.49 12.45
Piirva Phalgunit 14 11 125.68 26 3 113.58 13.89
Piirva Phalgunit 26 3 113.58 51 57 119.71 14.08
Uttar Phalgunt 2 95 137.33 39 41 13145 13.50
Hasta 27 25 14326 52 79 149.37 14.03
Citra 3 117 166.12 15 9 154.32  13.55
Citra 15 9 154.32 40 63 160.53 14.26
Svati 28 47 171.62 53 101 177.76  14.10
Vasakhe 16 31 183.87 41 85 189.36 13.61
Anuradha 4 15 195.82 29 69 201.47 12.97
Anuradha 29 69 201.47 54 123 207.27 13.32

Jyestha 17 53 212.80 42 107 218.70 13.55
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Naksatra FM bhamsa L FM bhamsa L WNS
Mila 5 37 22449 30 91 22990 12.42
Purvaasadha 18 75 24220 55 21 235.78 14.74
Uttaraasadha 6 59 25428 31 113 259.81 12.70
Uttarasadha 31 113 259.81 43 5 247.40 14.25
Sravana 19 97 271.29 56 43 265.19 14.01
Sravistha 7 81 282.63 44 27 277.04 12.84
Sravisthaj 20 119 300.29 32 11 288.25 13.82
Sravisthaj 32 11 288.25 57 65 294.02 13.25

Piirva-Prostapada 8 103 312.37 45 49 305.56 15.64
Uttara-Prostapada 33 33 317.99 58 87 32320 11.96

Revatt 21 17 329.53 46 71 33534 13.34
Asvayujau 9 1 340.56 34 55 346.52  13.69
Asvayujau 34 55 346.52 59 109 352.28 13.23
Bharant 22 39 35821 47 93 3.71 12.62

Step 2: After obtaining the dates of the Winter solstice, (i.e. the
date of minimum declination of the Sun each year) by Step 1, efforts
were made by Pingree and Morrissey (1989), and Abhayankar
(1991) to find the dates of the New moon at of within one day of the
Winter solstice between 1500 BC and 500 BC first by calculating
the separation between the Sun and the Moon for each date of
conjunction (i.e. within 5°), and the corresponding 62 Full moon
dates (i.e. When the Sun and the Moon were in opposition or about
180° apart) along with ecliptic longitude by taking into account
the modern orbital parameters of the Earth and the Moon. The full
moon number, bhamsa at each Full moon for each naksatra sector,
ecliptic and equatorial coordinate of the Full moons for both the
periods, coordinates for the centre of the naksatra sectors along with
magnitudes of yogataras were also calculated. The dates of the Full
moons were, however, calculated in Julian days.

The coordinates of each Full moon of two different periods were
averaged to find the spread for the mean value. The naksatra number
in both the calculation match perfectly, with only exception in the
bharmsa number. This is possibly due to variation in the length of
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synodic month in the two periods (Fixed value for the period 1900
to 2000 AD, and variable value during 1500 BC to 500 BC due to
changes in the speed of the Moon in its orbit.

Clypsydra, the water-clock

The Vedanga Jyotisa, in both of its YVJ and RV recensions, have
referred to Clepsydra, the water-clock for measuring time without
any specification whether it was an in-flow or out-flow type. How-
ever, it appears that it is an out-flow type with a hole at the bottom
for water to flow out, though the shape of the vessel is not described.
The VJ says.

“Two nadikas are equal to one muhiirta; the adhaka is fifty palas; from
the adhaka; the kumbhaka increases by three kutapas’ (RVJ. 17, Eng tr.
Sastry)

‘A vessel which holds (exactly) fifty palas of water is the measure called
adhaka; from this is derived the drone measure (which is four times the
adhaka; this lessened by three kudava measures (i.e. three-sixteenths of
an adhaka) is the volume measured (in the Clepsydra) for the length of
one nadika of time (YVJ.24, Eng. tr. Sastry, p 37)

In some edition masaka has been used. Weber pointed out that
‘masaka’ might have been a corruption for adhaka

The adhaka, palas, drona, kudavas and kumbhaka are different
volume measures, and they are related as : 1 adhaka = 50 palas =
16 kudavas; 1 drona = 4 adhakas = 200 palas.

The nadika and muhtirta are the time measures, and are related as
1 day = 30 muhiirtas, 1 muhtirta = 2 nadikas, and 1 nadika =10 1/20
kalas (RVJ 16; YVIJ 38). In modern notation, 1 muhiirta = 4/5 hours
= 48 minutes, 1 nadika = 24 minutes, 1 kala = (24 x 20)/201 =2
26/67 minutes. The Commentator Somakara recognized Clepsydra
of VJ as a copper vessel (tamraghata), whereas, Fleet suggested that
it may be earthen water-jar, kumbha-ghata and the size may be to
the extent of a drona (= 200 palas). As regards category, whether it
is out-flow or in-flow type, both Dikshit and Fleet recommended it
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as an out flow type but do not clarify how the pressure of the water
column in the clepsydra was maintained.

Day-length: The VI records the increase and decrease of night
time thus:

‘The increase of day-time and decrease of night-time (is the time equiv-
alent of) one prastha of water (in the clepsydra per day) during the
northward course (of the Sun). They are in reverse during the south-
ward course. (The difference is) 6 muhiirtas during an ayana (half year)
(RVJ, 7, YVIL]3).

(The number of days) elapsed in the northward course of remaining in
the southward course is doubled, divided by sixty-one, and added to
twelve; the result is the length of daytime (in terms of muhtrtas) ( RVJ,
22;YVI].40)

Both the verses suggest the day length in winter and summer
solstices by 6 muhiirtas. The second verse gives a rule which says
that the length of day-time in Winter solstice day as 12 muhtrtas (or
9" 36™) and night-time as 18 muhartas (or 14" 24™).

It is referred that the day-length increases following a relation;
(12 4 2/61 n) muhiirtas, here n is the number of day after or before
the winter solstice.

The length of the day-time becomes 15 muhiirtas after 3 months
(at the Vernal equinox), and 18 muhtrtas after 6 months ( at the
Summer solstice), The day and night time- length follow a reverse
order during southern journey. The day-time and night-time
maintains a ratio 12:18 i.e 2:3.

Dikhit used the formula:

Sin (ascensional diff.) = tan ¢. tan 6, to find the latitude of the
observer, where ¢ = latitude of the observer, and ¢ declination of
the Sun, and ascensional difference — half of length of day-time,
i.e. of the rise of 3 muhurtas (2'24™) = 1" 12™ = 18 (since 1" 12™ x
150 / hour). This gives tan ¢ = sin 18° / tan 23° 53’ = 0.3090169 /
0.442791 = 0.6978844, which fixes ¢ = 34° 54/ N.
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Civil, Sidereal and Solar day:

The RVJ gave one vatsara (solar year) = 366 civil days; one yuga
(of 5 years ) = 62 synodic months = 67 sidereal months = 1830
civil days. Pingree interpreted that the ‘day’ in the RVJ is not the
‘civil day’, but the ‘sidereal day, and he conjectured that one solar
year = 366 sidereal days = 365 civil days. The YVIJ has clearly
defined that the number to sidereal days in a yuga is the number of
‘days’ plus five, i.e. the yuga has 1830 + 5 = 1835 sidereal days,
and this statement shows that the ‘1830 days’, referred to, is actually
the ‘civil day’. Pingree further referred for both Paitamahasiddhanta
(of Visnudharmottarapurana) and Aryabhatiya of Aryabhata which
had expressed the length of the yugas in sidereal days and suggested
that it was a misunderstanding on the part of the RVJ. Ohasi has cor-
rectly argued that the use of sidereal days in Aryabhatiya is based on
the rotating theory of the earth, and there is no reason to believe that
the Paitamahasiddhanta (of Visnudharmottara-purana) is an earlier
work. The interpretation of RVJ, is absolutely correct, and possibly
Pingree’s interpretation is based on a preconceived notion that VJ
had been under influence of the Egyptian-Persian year of 365 days.
Moreover, the sidereal days were never used for civil purposes in
ancient India. It has already been discussed that the dates of sac-
rifices in Vedic India were fixed up from the observation of Full
and New moon, lunar phases and moon’s rising time, that is why
the construction of Darsikyapaurnmasiki vedi was given so much
importance. Moreover, season was determined by the position of
the Full moon. On the other hand, the determination of solstices
and equinoxes was neither so season specific nor depends on Sun’s
position. From modern perspective, 62 synodic month = 62 x 29.53
days = 1830.90 days; and 67 sidereal months = 67 x 27.3217 =
1830.55 days, which indicates, 1 yuga = 1830 civil days. Unless
this is so, there would have a great panic. If Pingree’s argument that
one yuga has 1825 civil days is taken to be true, the difference of 5
days’ error in the determination of Full or New moon is beyond and
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permissible limit. However, difference of 5 days’ error for determi-
nation of season or seasonal sacrifices will not course a panic, since
the inaccuracy could always be adjusted by comparison with the
actual season at every beginning of yugas. There is no such calendar
in ancient Egypt or Mesopotamia, and Pingree’s hypothesis of for-
eign origin in baseless.

Adhikamasa or Intercalation in VJ (for Synodic and Tropical
years): Both RVJ and YV state that when the Sun and he moon
occupy the same region of the zodiac together with the asterism
Sarvistha, at that time begins the yuga, the (synodic) month of
magha, the solar (seasonal) month of tapas etc. the Sun and the Moon
begin to move north. Starting of the New moon at winter solstice
every year in the motion of magha or the season tapas every year at
the same point is absolutely impossible. The anomaly in the VI is
similar to that of Taittiriya sarmhita (Tait. SVIL.4.8). It appears that
the calendar in VJ is just a mathematical interpretation of the earlier
rules which were based on the observations of solstices, phases of
the Moon etc.

What VJ has done it has reduced the knowledge to a simple rule
based on 5 solar years of 1800 (= 5 x 360) solar days, 1830 (= 5
x 366) civil days, 1830.90 (= 62 x 29.5306) lunar days, 1830.55
(= 67 x 27.3217) sidereal days. There is a lack of synchronization
between solar and lunar days, 1.e. the tropical and synodic years in
a yuga, which is due to difference between the length of lunar day
and solar day. That is why, it has recommended two extra months
or lunation’ intercalation (adhikamasa) to be added at half- yuga
and another at the yuga-end (yvj.37). The length of 1830 civil
days in a yuga is very fundamental to VJ, almost all parameters
and algorithms of VJ are based on the number. It is not a naturally
occurring number like a month is a year. There is absolutely no doubt
that VJ made this number to adjust it for intercalation scheme. This
1s similar to the scheme of intercalation adopted by the caturmasya-
yajins as described in Tait S.I. 10.8, following from Tait S.VII 4.8
In this context the remarks of Gandhalekar is extremely interesting.
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He says, “What is perhaps surprising is that the surviving recensions
of VJ do not mention the correction that is necessary for every eight
yuga to stop the run-away accumulation of the difference between
the number of days in five tropical years and a yuga”.

Metonic and Saros cycle (Intercalation for Synodic and Tropical
year):

Various attempts were also made outside India to synchronize the
synodic and the tropical year.

Authentic scholar Meton (¢ 432 BC) adopted a 19 year cycle
for adjusting synodic years with tropical year, possibly based on
Babylonian observations. Moon’s phase after 19 synodic years with
additional 7 months (235 lunation) recurring to the same day of the
Tropical year. The arithmetic rule that was devised was basically a
synchronization of the synodic year with tropical year by adding
seven extra month to a 19 year cycle. The rational is as follows:

Length of the synodic month = 129.5306 days

Mean length of a synodic year (12 x 29.5306) 19 |~ 354.3672 days
synodic (lunar) year

With 7 additional months (i.e. 235 lunation) = 16939.6910 days
Mean length of the tropical year = |365.2422 days
19 tropical years 19 x 365.2422 = [6939.6018 days

The Metonic cycle suggested 19 tropical years of 235 lunation (=
6939.6910 days). This 19 years cycle was approximated to a whole
number of 6940 days (125 months of 30 days + 110 months of 29
days) = 6940 days.

The Saros cycle (after the ancient Babylonian astronomer, ¢.290
BC), likewise, suggested a period of 223 lunation or 6586 days (18
years cycle, 18 years 11 days or 18 years 10 days to be precise,
including four or five leap years in the interval) for adjustment of
synodic and solar years or as the number of lunar or solar eclipse
cycle'®.
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For Metonic cycle, Gondhalekar has calculated the difference in
days between the accumulated number of days in tropical years and
in the corresponding synodic years, and difference at the end of each
tropical year over a period of 500 years. Although every year the
(corrected) synodic year differs in length from the corresponding
tropical year, the difference does not diverge over hundreds of
years. It undoubtedly offered a lunar calendar with a definite rule
for inserting intercalary months to keep in step with the cycle of the
season. It also gave an accurate average length of the tropical year
of 365.25 days. The scheme was very successful and it formed the
basis of the calendar adopted in the Selucid Empire (Mesopotamia)
and was used in the Jewish calendar and the calendar of the Christian
church.

Confusion of 19-year cycle in VJ: Holay (1994) for the first
time reinterpreted some of the verses (4, 8, 9, 14, 15 & so) of RVJ
and suggested that VJ might have followed a 19 year cycle . The
explanation was re-examined by Chandra Hari (2004) who had also
supported this hypothesis. However this does not appear to be tenable
because VJ has always maintained a 5- year cycle (pancasamvatsara)
and nowhere it has referred to 19 year cycle. Abhayankar, called the
method of Holay as unconventional, and strongly disagreed with
the views of Holay and Chandra Hari. Abhayankar dismissed it
as a preconceived notion and superimposed interpretation even if
the explanation is extremely ingenuous. The explanation given by
Abhyankar are so follows:

The Vedanga Jyotisa had a luni-solar calendar based on lunar
months. It makes use of nominal yuga of 1860 tithis. As the units of
angle and time obtained from YV is also in RV], it is obvious that
the two versions complement each other. The YVJ yuga of 5 years
is accepted by Holay, so in RVJ yuga, which is also of 5 years. The
yuga concept is nominal, and the 5-year yuga has a year of 372 tithis
or 366 days. Lagadha knew that the year contains 371 tithis, and
1860 tithis are covered in 1831 days and not in 1830 days. An extra
tithi per year is nominal and good enough for practical purposes
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of seasonal sacrifice. Only there is shift of religious functions with
respect to seasons, to be corrected systematically. Such shifts of
=+ 15 days are allowed even in modern paficanga. So Lagadha has
provided corrections which make the calendar more accurate by
means of 15, 30 and 95 year cycles. Further RVJ 12 has followed a
15 year cycle which is also a unique feature of the Vedic calendar
and thrown enough light on the evolution of Vedic calendar. Indians
were also aware of a 95 years cycle, as shown by Kak (1993), which
is also a modified 5- year cycle and it has nothing to do with the
metonic cycle.

About Siddhantasundara

According to David Pingree it is the last Siddhantic text having con-
temporary knowledge of astronomy. But it is not true. Pt. Samanta
Chandraskhar, also known as Patani Samanta wrote an astronomi-
cal text Siddhanta darpana, which contains astronomical knowledge
with more accurate result. Siddhantasundara was compiled by Jiian-
raja around the beginning of the 16™ century CE after 350 years of
compilation, Siddhantasiromani of Bhaskaracharya. Prof Minkow-
aski pointed out that a major siddhanta or astronomical treatise come
after a long period time. Jianaraja stated that this text followed Bra-
hamasiddhanta of Sakalyasarnhita. This is because this text has tried
to make itself traditional more deductively. It is demonstrative also.

The structure of Sidhantasundara is not same with
Brahmasiddhanta. According to Pingree, this text is mainly divided
into two parts goladhyaya and grahaganitadhyaya; grahagintadhyaya
has twelve chapters and goladhyaya contains six chapters.

The chapter divisions of grahaganitadhyaya are as follows:

Chapter 1. Madhyamadhikara (on mean motion)

Chapter 2. Spastadhikara (on true motion)

Chapter 3. Triprasnadhikara (on diurnal motion)

Chapter 4. Parvasambhuti (on the occurrence of eclipses)
Chapter 5. Candragrahanadhikara (on lunar eclipses)
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Chapter 6. Suryagrahanadhikara (on solar eclipses)

Chapter 7. grahodayastadhikara (on rising and setting of the
planets)

Chapter 8 Naksatrachayaghatisadhanadhikara (on time from the
shadow of stars)

Chapter 9. Sriigonnatyadhikara (on elevation of the horns of the
moon)

Chapter 10. Grahayogadhyaya (on planetary conjunctions)

Chapter 11. Tarachayabhadhruvadya (on stars shadows, and the
pole stars)

Chapter 12. Patadhyaya (on the occurrence of patas)

Goladhyaya contains six chapter as follows:

Chapter 1. Bhuvanakosa (on cosmology)

Chapter 2. Madhyagatihetu (on rationale of true motion)
Chapter 3. Chedyaka (on drawing projections)

Chapter 4. Mandalavarnana (description of the great circles)
Chapter 5. Yantramala (on astronomical instruments)
Chapter 6. Rtuvarnana (description of the seasons)

All manuscripts which are consulted are not in equal sequence.
But the division made by Pingree can be accepted.

Grahaganitadhyaya is a vital part of this work as Cintamani
presented who was the son of Jianraja. In this section all the
previous knowledge of astronomy is mentioned. The next portion
of the term ‘ganitadhyaya’ indicates that mathematical knowledge
is involved with the planetary motion. But most of the manuscripts
consulted are not bothered with this term. But Pingree rightly made
the term grahaganitadhyaya because two manuscripts indicates that
mathematical knowledge is involved with planetary motion. The
section grahaganitadhyaya has 337 verses and goladhyaya contains
236 verses. The main source of this book is Brahmasiddhanta in
Sakalyasarhhita. According to Jianraja, the accurate result can be
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obtained from Brahmasiddhanta. In this text narada got lesson from
Brahma, and this entire knowledge written down in the name of
Sakalya.

Chapter wise content division:

Section Chapter Number of verses
Madhyamadhikara 90
Spastadhikara 50
Triprasnadhikara 46

grahaganitadhyaya

1.

2.

3.

4. Parvasambhiityadhikara 07
5. Candragrahanadhikara 42
6. Sturyagrahanadhikara 16
7. Grahodayastadhikara 19
8. Naksatrachayadhikara 23
9. Srngonnatyadhikara 18
10. Grahayutyadhikara 09

11. Patadhikara 17
Goladhyaya 1. Bhnvanakosadhikara 79
2. Madhyagatihetu 31
3. Chedyaka 23
4. Mandalavarnana 17
5. Yantramala 50
6. Rtuvarnanam 36

Indian astromomical heritage: A Short introduction

Astronomical observation is the beginning of scientific attitudes in
the history of mankind. According to Indian tradition, there existed
18 early astronomical texts (siddhantas) like Siirya, Paitamaha and
many others. Varahamihira compiled five ancient astronomical texts
in a book named pafichasiddhantika, which is now the link between
early and later siddhantas. Indian scholars had no practice of writing
their own names in their works, so, it is very difficult to identify
them. Aryabhata is the first name noticed, in the book Aryabha-
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tiya. After this point most astronomers and astro-writers wrote their
names in their works. Aryabhata is the first Indian astronomer who
stated that the rising and setting of the Sun, the Moon and other
heavenly bodies was due to the relative motion of the Earth caused
by the rotation of the Earth about its own axis. He also established
the ‘yuga’ theory (one Mahayuga = 432000 years). Varahamihira
compiled Panchasiddhantika and wrote Brhatsarmhita. Brahmagupta
is the most distinguished astronomer known to us. His two major
works are i) Brahmasphutasiddhanta and ii) Khandakhyadaka.
Bhaskara I was the follower of Aryabhata. His three known works
are Mahabhaskariya, Laghubhaskariya and Aryabhatiyabhasya.
Vate$vara follows Aryapaksa and Saurapaksa. His master work is
Vate$varasiddhanta. Sripati, in his Siddhantasekhara, gives the rules
for determining the Moon’s second inequality. Bhaskara Il wrote
the most comprehensive astronomical work in Indian astronomy.
The result of these works is the account of the Indian astronomical
heritage. A very few of these manuscripts have been translated in
English but many are yet to be done. So, it is necessary to translate
these astronomical texts into English with proper commentary for
modern scholars. Main contributors to Indian astronomy during the
5th to 12th CE is as follows.

Aryabhata 1 (b 476 CE): Aryabhata was the pioneer of
modern mathematical astronomy in India. The Aryabhateeyam
(Aryabhatiya) was a popular work and was studied throughout
India. It was mentioned by Varahamihira of Kapitthaka (near Ujjain)
in the sixth century, by Bhaskara I of Valabhi (near Kathiawar) and
Brahmagupta of Vinmal (in Rajasthan) in the seventh century and
by Govindasvami of Kerala in the ninth century. The Aryabhatiya
measured the day from one sunrise to the next, where in his other
work Aryabhatasiddhanta (which is not available but existence is
proved from other sources) measured the day from one midnight to
the next. The astronomical parameters obviously differed because
Aryabhata I, as observed by a few scholars, wanted to improve them
on the basis of his observations. Aryabhata I’s rules are very short and
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cryptic in style. The knowledge is codified systematically in this text
for the first time into two major sections, ganitapada (mathematical
section including geometry) and golapada (celestial sphere section
dealing with astronomy). The elementary results of course are given
in two other sections, gitikapada (elementary data on astronomy and
sine table) and kalakriyapada (section on reckoning time). Aryabhata
I’s fundamental operations in arithmetic, like square, squaring, cube,
cubing, square root and cube root are unique in the ganitapada. In
the astronomy part, Aryabhata I says that he does not believe in the
theory of creation and annihilation of the world. For him, time is a
continuous process without beginning or end. In modern time the
basic of steady state theory of cosmology makes such a statement.
Aryabhata I’s theory on the helical rising and setting of the planets
1s like so: “when the Moon has no latitude, it is visible when situated
at a distance of 12 degrees (of time) from the Sun. Venus is visible
when 9 degrees (of time) distance from the Sun. The other planets,
taken in the order of decreasing sizes, are visible when they are 9
degrees (of time) increased by two”.

Varahamihira: Three major works of Varahamihira are the following; a)
Pafichasiddhantika, b) Brhatsammhita, c) Brhatjataka. In the Pafichasid-
dhantika, five siddhantas are included — Paulisa, Romaka, VaSistha,
Strya and Paitamaha. The rule of computing eclipses is very vividly
explained.

Brhamagupta: Two well-known works are: a) Brahmasphutasiddhanta,
b) Khandakhyadaka. Brahmagupta is respected for his remarkable
boldness and insistence on observational verification and accuracy of
results. Parallax in modern astronomy is known as lambana in Indian
astronomy. Brahmagupta’s method of computing lambana is based on
evaluating five Rsines. In eclipse calculations, the difference lambanas
of the Sun and the Moon are required and as such sometimes this differ-
ence is called lambana. Al Biruni recognizes Brahmagupata’s contribu-
tion to astronomy especially in respect to eclipses. Bhaskara I: He com-
posed mainly three works; a) Mahabhaskariya, b) Laghubhaskariya and
¢) Aryabhatiyabhashya. In addition to them, another part exists contain-
ing a general introduction including the life and works of Bhaskara I.
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He is the follower of Aryabhata I and his works provide us with a detail
exposition of the astronomical methods taught by Aryabhata .

Vate$vara: As a follower of Aryabhata, Vate§vara compiled Vates-
varasiddhanta, composed of all contemporary knowledge of astronomy.
He became famous as a critic of Brahmagupta. Vatesvara consulted the
works of earlier writers and utilized their contents but it should not be
inferred that everything that Vate$vara gives in the Vate$varasiddhanta
is derived from the anterior works. There is plenty of material in this
text which is original. The other feature of this book is the sequence of
the contents. It is mostly Vatesvara’s own contribution.

Bhaskaracharya: He is the most famous astronomer and mathematician
of the classical age of Indian astronomy. His masterpiece Siddhantshi-
romani consists of four parts; Lilavati (arithmetic), Bijaganita (algebra),
Grahaganitadhyaya (mathematical treatment of planets), Goladhyaya
(celestial knowledge). In addition to the Siddhantsiromani he wrote
another four books; Karanakutuhala, Srvatobhadrayantra, Vasishthat-
ulya and Vivahapatal. The three books are not found today. All the
books are written in verses. In Siddhantsiromani, 1500 Sanskrit verses
explain contemporary astronomical knowledge. In the mathematics part
the author has not given any direct proof of any theorem. These are
included in the problems. Lilavati was the most famous book on math-
ematics at that time. Lilavati and Bijganita were used as standard text
books for next 600 years throughout India. Many scholars wrote com-
mentaries on these books. Lilavati was translated into other languages
such as Persian and English. Bhaskaracharya has given the names of
all the numbers in multiples of 10. These books can be understood by
students of twelfth standard but in Siddantsiromani, grahaganitadhyaya
or goladhyaya chapters cannot be understood without basic knowledge
of astronomy. Bhaskara had a special interest in astronomy as these two
chapters (books) together have 1000 verses. He was not only a theo-
retical astronomer but expert sky-observer. For smooth sky observing
he developed astronomical instruments included in goladhyaya. The
names of the instruments are Gola, Nadivalaya, Yasti, Sanku, Ghatica,
chapa etc.

This period 5th CE to 12th CE was the golden age of Indian
astronomy and mathematics, starting in the year 500 with Aryabhata
and ending with Bhaskaracharya in in the year 1200 CE. Therefore,
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this account may be helpful to further knowledge of this period. After
this period Indian knowledge started to decline rapidly; Nalanda
University was destroyed and there was not a single university in
India over next 600 years. The history of Indian astronomy is not
suffering for lack of sufficient literature. We have a huge number
of documents in the Devnagari, Tlugu, Grantha and other scripts
and in Sanskrit language. These are being translated into English,
but a lot is needed to be done. The classical period is the golden era
for Indian astronomy. This account is not sufficient but a hint only.
Siddhantasundara was compiled collecting previous knowledge of
astronomy.

Special features of the Siddhantasundara

Siddhantasundara was compiled by Jiianaraja following the older
texts especially style of Siddhantasiromani of Bhaskaracharya, the
content of this book follows Brahmasiddhanta. But the special feature
is the inclusion of peculiar problems in the chapter triprénadhikara.
As for example

Simhasanasinam inatvam aptarm

mitrarh viditvadyvtir uttarasam /

yate bhavat piirvanrpaprabho yas

tasyasupur so vada yanamanam //

The feature is its poetic manners. It started from siddhantasiromani
where Bhaskaracharya followed the previous famous poet Kalidasa
to describe rtu in longer verses praising nature but verses create a
conflict which is understandable after reading the verses more than
one time (upama). Another remarkable point is to introduce a new
astronomical instrument which is not found in previous texts.

Why Siddhantasundara is important?

After Bhaskaracharya’s siddhantasiromani Indian astronomers
began to write commentaries of existing treatises. Jiianaraja started
to write this treatise on first half of sixteenth century CE. It is a
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major astronomical text after Siddhantasiromani. Jianaraja fol-
lowed Brahmasiddhanta as its contents and followed Siddhantasi-
romani as its style. Jianaraja secured Brahmasiddhanta and the
followers of Stryasiddhanta are the main stream of Indian astron-
omy. He mentioned eight treatises, followers of Siiryariddhanta and
he compiled the treatment of Brahmasiddhanta in Sakalyasarihita
because he thought it is the best one. Dr. Pingree noticed that it is the
last siddhanta written in the first half of 16™ century CE but another
siddhanta is found name Siddhantadarpana of Patani Samantaof
Orissa, called him Indian Tycho.

Manuscripts collected:

A.1 Govt. collections, G 7922: Folio 1a—13b,

The Asiatic society, Kolkata, incomplete; script Devanagri, Size 26
cm X 11.5 cm;

A. 2 Govt. collections G & 210, 1a—27b, the Asiatic society, Kolk-
ata, Incomplete, Script; Size; 35.5 x 18 cm;

B. 3. BORI, 219 of A 1882 — 83, Folio — 19 verses: 400 incomplete,
script: Devnagri, Language — Sanskrit

B. 4. No 107 of 1866-68 Folio — 96 BORI. Complete.

B. 5 No 881 of 1884-87 ff.8 incomplete line: 9, letters: 40, BORI,
Pune.

B. 6. No 880 of 1884-87, ff.- 20 incomplete, goladhyaya. BORI,
Pune.

B.7.No 860 0f 1997091 ff. 26 incomplete, patadhyaya, BORI, Pune.
B. 8. No 26 of 1869 — 70 grahaganitacintamani. Notes of siddhan-
tasundara, written by Cintamani, ff. 58, BORI, Pune.

MO. No 657. 1941, Royal Asiatic Society, Bombay, ff. 97 complete.
A - Found from the Asiatic society, Kolkata

B - Bhanderkar Oriental Research Institute, Pune.

M — The Royal Asiatic Society, Mumbai

Sri Somenath Chatterjee
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Notes of the Text

Siddhantasundara: General Notes

Section 1: Grahaganitadhyaya.

Chapter 1: Madhyamadhikara (on mean places)

Jnanaraja, son of Naganatha, praising Lord Ganesha is trying to
explain time measurement of different units as the Indian tradition of
astronomy. This astronomical treatise starts with kalamanadhyaya
where different units of time are explained. This tradition starts from
Vedanga Jotisa of 14" century BC.

Jnanaraja describes the beauty of the supreme deity with
his passion. As the other Indian astronomical treatises here the
author presents the time concept first. It follows the time unit of
Brahamasiddhanta in Sakalyasamhita. In the Brahmasiddhanta in
Sakalyasambhita, time is divided in small as well as larger parts. In
Siddhantasundara verse 2 — 5 define and explain the astronomical
period like manu, yuga etc. and relate among these units. A manu is
measured by 71 mahayugas.

I manu = 71 mahayuga

14 manu = 1 day of Brahman = 1 night of Brahman

The duration of manu, known as manvantara has a sandhya-kala
on either side equal to one kreta.

A kalpa is a day of the creator, Brahman consists of 1000
mahayugas or 4320,000 saura years. A saura year is the time that
it takes for the sun to return to its same position with respect to the
fixed stars when viewed from the earth. The beginning of a saura
year occurs when the sun enters the sign Aries. A mahayuga is
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divided into four smaller groups: krtayuga of 1728000 saura years,
treatayuga of 1296000 saura years, dvaparayuga of 864000 saura
years and kaliyuga of 432000 saura years.

Jnanaraja in his verses (4 — 5) proceeds to explain how much of
the present kalpa elapsed. At the commencement of Saka era. The
author tells the regions of 6 manus, 27 mahayugas, a kretayuga, a
tretayuga, a dvaparayuga, and 3179 saura years.

(To calculate the exact result with is indicated in the verse, 1955,
883, 179 at the commencement of the saka, the procedure is as
follows.

6 manus =6 x 71 x 4,320,000 + 7 x 1,728,000 = 1,852, 316,000

“27 mahayugas, a kretayuga, a tretayuga and a dvaparayuga that
have elapsed during the reign of the seventh manu until the begin-
ning of our present kaliyuga spanned a period of

27 x5,320.000 + % x 4,320,000 = 120,528,000 saura year.

Finally, 3179 saura years

Therefore total saura years = 1,852,416,000 + 120,528,000 +
3179 = 1,972,947,179 saura years.

This result indicates that, the beginning of the Kalpa to the
commencement of the saka era, since, Jnanraja follows saurapaksa,
a period of 47,400 divine years, passed from the beginning of the
Kalpa until the commencement of planetary motion. ‘A divine year
is a year of the gods. According to the Indian tradition, such a year
equal to 360 saura year. So the 47,400 divine year equals 360 X
47,400 = 17,064,000 saura years.

When the period is subtracted from the above result, we get saura
years that have elapsed between the commencement of planetary
motion and the commencement of the saka era’, i.e.

1,972,947,179 — 17,064,000 = 1,955,883,179 which is indicated
in the verse.)
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Planetary positions at the commencement of motion is nicely
presented by Jnanraja. He says, the position of each planet, each
apogee, and each node was Aries 0° i.e. at the beginning of Aries.

The idea of intercalary month is clearly given by the author. In
the verses 12-17, he clearly explains astronomical units. A lunar
month is defined as the time between one conjunction of the Sun
and the Moon and the next. There are 30 tithis in a lumar month. The
‘pratipad’ is calculated when the Moon has gained 12° over the sun
in longitude and so on. Since the variation of the Velocities of the Sun
and the Moon are taken. The duration of a tithi is not constant. The
duration of a tithi varies between 22 hours to 26 hour. There are 12
saura months in a saura year and 30 saura days make a saura month.
Jnanaraja has taken the ardharatrika’ system for his calculation. So a
civil day is the time between two consecutive midnights.

According to verse 18, the sun and the Moon make 4320,000 and
57,753,336 revolutions during a mahayuga.

Therefore, 57,753,336 — 4,320,000 = 53,433,336 lunar months
in a mahayuga and 30 x 12 x 4,320,000 = 1,555,200,000 saura days
in a mahayuga.

Since there are 53,433,336 lunar months in a mahayuga, so there
are

30 x 53,433,336 = 1,603,000,080 tithis in a mahayuga.

The number of civil days is found as the revolutions of the stars in
a mahayuga diminished by the revolutions of the Sun in a mahayuga.

So, the omitted tithis are, 1,603,000,080 — 1,577,917,828 =
25,082,252 civil days are determined by the Suns progress around
the earth.

The verses 18-24 give the revolution of planets, its apogees and
the nodes. Nicely the author explains through verse, for example,
the revolutions of Marcury’s sighra are 17,937,060 in a mahayuga.
Again, the revolutions of the Sun’s manda apogee in a kalpa are
387. The data collected from previous texts may be available but the
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author probably satisfies these results applying theories. The number
of revolutions given here are the revolutions of the mean planets.

Verse 29 is very important in this chapter. This verse explains
the formula to determine Sun’s tropical longitude i.e. the longitude
of the Sun measured with respect to the vernal equinox, with is the
intersection between the ecliptic and the celestial equator at which
the Sun crosses from the southern to the northern hemisphere.

It is the tropical longitude of the Sun. and ¢ is the declination of
the Sun. Then

sin(\) RX.sm((S)

sine

The obliquity of the ecliptic is the angle between the ecliptic and
the celestial equator taken as 24 degree but generally it is denoted
as €.

Then

sin(\) RX.sin((S)

sine

This is the general formula for ‘method of declination’.

Verse (31-32) simply try to explain the mean motion, the man
longitude and the equations. The mean motion of the Sun is equal
to the half of the Sum of the smallest and the greatest true motion.

If V, and V, are the minimum and maximum velocities of the

1
Sun, if V' is the mean velocity of the Sun, then

Wt
2

4

V, is the velocity when the Sun is at the apogee and V, is the
velocity when the Sun is at the perigee. Jnanaraja specifies only
perigee indirectly and the sun’s mean longitude is equal to its true

longitude.
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To find the mean planet from day count, we can apply a formula,
360xr x% to measure the number of degrees travelled by the planet
r is the number of revolutions of a given planet in a mahayuga, if
d is the day count starting from the commencement of planetary
motion. Here the saurapaksa employs a midnight system rather than
a sunrise system.

According to Jnanaraja the multiplier of a planet is to be found as
the revolutions of the planet in a kalpa divided by the Saura years in
a Kalpa, the revolution and Saura Years in a mahayuga.

If Rp is the number of revolutions of the planet in a mahayuga, it
moves a total of 360 x Rp degrees in a mahayuga.

Therefore, the number of degrees that the planet moves during
360xRp

a saura year is (this calculation is taken from the research

¥
paper of Kundsen)
It is also observed that mean longitude of the Moon from the day
count, is
_ X
60’

If X is the mean longitude of the Moon and x be the number of
revolutions of the moon in a mahayuga.

Let A be the mean longitude of the Moon and R, be the number
of the revolutions of the Moon in a Mahayuga. The mean longitude
of the Moon is A

=360x 13+13x£— !
737 8% 60>
_ 27967063
21225600

The important contribution of Jnanaraja is to measure mean
longitude of Mars, Mercury, Venus, Saturn in a simple way which
gives more accurate result than the past. From day count he gives
formula (verse 72-73) for determining longitude of the lunar node.
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Insertion of intercalary month is another contribution of the author
but it is same as school of Suryasiddhanta.

The duration of a saura year is measured by 12 lunar months,
11 tithis, 3 ghatikas and 53 palas. A month from a conjunction of
the Sun and the Moon and ends at the next conjunction. Verse 88
explain the corrected circumference of the Earth.

Let C be the circumference of the Earth and C’ the corrected
Circumference corresponding to the latitude Q, then

oy Sn0)
R

Q

Spastadhikara deals with the method of computing the true positions
of the planets from their mean positions. Jnanaraja, the author of
sidhantasundara explained the method to determine true positions
of plants. The author of Siddhantasundara follows the calculation of
Brahmasiddhanta belongs to the school of Suryasiddhanta. In ganita
part of astronomy, astronomers used sine as the radii of a circle.
The value used by Jnanaraja is 3438 as Aryabhat and the author of
Suryasiddhanta.

Let R be considered as radius of a circle, the circumference is
27R.

If there are 21600 minutes of arc in a circle, the number of
minutes of are per unit of the circumference is 21%%; if R = 3438,
Then %~ 1 then, sin (o) = «

So, R = 3438 can therefore be compared to modern use of radius
in minutes instead of degrees. In Indian tradition Jya means sine.
The verses give a table of the sine of each of the 24 multiples of
3°45" =225,
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Then, the table gives the sine of each 24 multiples of 225’ between

O’ and (90 x 60).

Sine — table given in the Siddhantasundara is like this:

Sine number Angle Sine Modern value
1 3045/ 225 224.85
2 7030/ 449 448.74
3 11°15’ 671 670.72
4 15°0/ 890 889.81
5 1845/ 1105 1105.10
6 22°3(0/ 1315 1315.66
7 26°15' 1520 1520.58
80 30°0/ 1719 1719.00
9 33945/ 1910 1910.05
10 37030/ 2093 2092.92
11 41°15/ 2267 2266.83
12 45°(0/ 2431 2431.03
13 48°45/ 2585 2584.82
14 5203() 2728 2727.54
15 56°15/ 2859 2858.59
16 60°0/ 2978 2977.39
17 6345/ 3084 3083.44
18 67°30/ 3177 3176.29
19 71°15/ 3256 3255.54
20 7500/ 3321 3320.82
21 78045/ 3372 3371.93
22 82°3(0)/ 3409 3408.58
23 86°15/ 3431 3430.63
24 90°0° 3438 3438.00
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Jnanaraja gives a method to compute sine values given in the
table. Let draw a circle, the circumference of the circle is divided
into 96 equal parts (Verse 6). Two points are on the east-west points
joined and get an east-west line through the centre of the circle. This
is the horizontal line. If the remaining points are connected in pair,
one get 49 lines but two of them are merely points, north and south
points. So, this gives 48 chords.

In verse 11, the author beautifully explains the method of finding
the sine of a given angle. This procedure is applied to compute
then sine and the cosine of any given angle between 0° and 90°.
The method used is simple linear interpolation. Let o be an angle
measured in minutes of arc and satisfying 0 < o < 5400’ =900 [sin
(0°) and sin (90°) are known] Let 5= 5400" — «

sin § = sin (90° — a) = cos a, Let g and r be the quotient and
remainder, respectively, of the division of a by 225, then o = 225 x
q + rwhere 0 < r < 225

le.sing <sina <sing + 1

r
sina = sing +——x(sin(g +1) —sin
9+ 755 (sin(g +1) q)

In verse 13 & 14, we get a table of differences of small sines.
These values are almost near the modern values. The successive
differences of the small sines (laghujya) are 25, 24, 23, 21, 19, 16,
13, 10, 6 and 3. The degrees in the angle are divided by 9.

The author here gives another sine table. Here R = 160 and a
division of the interval between 0° and 90° into 10 equal parts of 9°
each.

S1No. | Angle | Asinn | sinn | Modern value | Modern difference
1 90 25 25 25.029 25.029
2 180 24 49 49.442 24.413
3 270 23 72 72.638 23.195
4 360 21 93 94.045 21.407




Notes of the Text 111

5 450 19 112 113.137 19.092
6 540 16 128 129.442 16.305
7 630 13 141 142.561 13.118
8 720 10 151 152.169 9.607
9 810 6 157 158.030 5.861
10 900 3 160 160.000 1.969

Asinn=sinn—sinn—1forl <n<10

In the spastadhikara, Jnanaraja explains planetary theory based
or previous knowledge and also contemporary findings. The author
explains a planet’s true velocity in verses 26 — 28. According to Indian
tradition in explaining astronomical terms Jnanaraja determines the
true velocity of a planet in terms of velocity of the sighra apogee and
retrograde motion.

If v = true velocity

u = retrograde motion

x = velocity of the sighra apogee

Thenv=x —uifx >u

Orv=u—x ifu>x

Just the next verses are devoted to explain the conditions of
retrograde motion. He explains how to measure Sun’s declination.
He deduces a formula.

sin \ + L-sin \
sin(6) = 4x SnA T e S A

10
124,

305

where 6 = declination of the Sun
and A = tropical longitude of the Sun.

The unique feature of spastadhikara of Siddhantasundara is to
find karana. This treatment is absent in previous astronomical texts.
Verse 37 explains how to find current karana. The 60 karnas of a
lunar month are numbered starting from 1. We get four fixed karanas
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sakuni, catuspada, kimstuguna. Mathematically it can be explained
if we suppose K is the number of current karana. That 1 < K < 58,
let » be the remainder from the division of K — 1 by 7.

If » = 1, the current karana is Bava, it » = 2, Balava and so
on. If K is 1, 58, 59 and 60, the current karana is one of the four
fixed karanas. It is expressed in the table indicating karana name

and number.

Karana number Name

1 Kimstughuna

2 9 16 23 30 37 44 51 Bava

3 10 17 24 31 38 45 52 Balava

4 11 18 25 32 39 46 53 Kanlava

5 12 19 26 33 40 47 54 Taitila

6 13 20 27 34 41 48 55 Gaza

7 14 21 28 35 42 49 56 Vanij

8 15 22 29 36 43 50 57 Visti
58 Sakuni
59 Catuspada
60 Naga

(Number and Names of Karana)

Rising of the signs are described in the verses 39 and 40. Very
nicely the method for determining missing times of the signs is
explained by the author. For a given location, the rising (times) are
diminished or increased by the ascension differences corresponding
to one. Two and three signs in the right order and put down inversely.
The table shows the rising times of the signs.

Singh Rising time on the equator Rising time elsewhere
Aries T, T —W,
Taurus T, T,—Ww,
Gemini T, T,—Ww,
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Cancer T, T, + W,
Leo T, I,+ W,
Virgo T, T, + W,
Libra T, T, +Ww,
Scorpius T, T,+ W,
Sagittarius T, T, + W,
Capricorny T, r,—w,
Aquarius T, T,— W,
Pisces T, T —Ww,

W,, W, and W, be the ascentional differences at the given location
corresponding to the Sun having the declinations 30°, 60° and 90°.
This chapter spastadhikara ends with the verse to find the amount of
precession. A day measured by 30 ghatikas is to be observed. A day
whose daylight period is 30 ghatikas is an equinoctial day.

Triprasnadhikara chapter deals with three problems dik, desa and
kala i.e. direction, position is space and time, with respect to a celes-
tial body. This chapter involves spherical trigonometry.

Verse 3 explains the method for determining direction east.

In the figure, S is the Sun,
the bold line OB indicates a rod
which is oriented towards the
position of the rising Sun.

Unless it is the equinoctial 0 N [A
day, the Sun will not rise exactly
due east.

The angle between due east
and rising point of the Sun in called the rising amplitude or simply
amplitude.

If amplitude is known, one can find due east on the circle.
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On equinoctial day the shadow
of the (gnomon) at noon is called
equinoctial shadow. When the Sun
is situated at the end of virgo or at
the end of pisces, the shadow is
formed. The hypotenuse which is
called equinoctial hypotenuse can H
be measured from the right angled
triangle.

Shadow by a gnomon at noon
on an equinoctial day.

G = Gnomon

H = hypotenuse

S = equinoctial shadow

Since the Sun is on the celestial equator on the equinoctial day.
The angle between the gnomon and the equinoctial hypotenuse is
equal to the local terrestrial latitude. This chapter clearly explains the
direction of the Sun and procedure to compute shadow. It deals with
the yojanas between two points of a meridian. The uniqueness of this
chapter is, it consists a number of problems on direction, positions
in space. Many times these are not clear. Jnanaraja composed 46
verses to three problems as Indian astronomical heritage.

There are many references of eclipses in Vedas, epics and later
Indian literatures. In the Ramayana of Valmiki a description of the
unusual and frightening scene, possibly at the time of Solar eclipse.
The demon khara while marching with his army to attack Rama and
Laksmana, khara confronts several omens on his way. One of which
in Solar Eclipse.

23rd sarga of Aranyakanda tells -

“The Sun was grasped by a glowing enclosure, even like a rotated
five-ball, changing it from black until it was red”

“Flesh-eating animals and birds coming close to Janasthana
started howling wickedly”.
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Except these instances, solar eclipse took place before the end of
the parva like Mahabharata.

When pandavas started for exile, vidura describes an astonishing
incident. “In the past there have been instances of amavasya at the
end of fourteen, fifteen and (even) sixteen days. But I have not
known of are amavasya (at the end) of thirteen days. The Moon and
the Sun (in that order) were eclipsed, in the same month in thirteen
days”

In every siddhanta, eclipse is explained with importance. In
Siddhantasundara, the author adds a separate chapter to explain the
possibility of eclipses. Here he deduces formulae to find apparent
diameters of the Sun, Moon from the velocities. Here he finds
apparent diameters of them. Once diameters are measured duration
and obscuration of an eclipse can be determined easily. He defines
hour angle but the verse is not clearly understood. The hour-angle
is the angular distance between the position of the Sun and the
meridian, measured as an arc on the celestial equator.” The hour-
angle is used to compute a solar eclipse which is the explanation of
Jnanaraja.

As previously stated, lunar eclipses are explained in different Indian
literature. The causes of lunar eclipse are explained in different ways
as their knowledge base. Lunar eclipse occurs in a full Moon day.
On full moon day the Sun and the Moon are on opposite sides of the
earth. The Sun’s ray fall on one side of the Earth, facing the Sun, and
a shadow will be cast on the other side. When the Moon enters the
shadow of the earth a lunar eclipse occurs. This happens when the
Sun and the Moon are in opposition. It does not occur on every full
moon day. This is because the plane of the Moon’s orbit is inclined
at about 5° with the ecliptic. When moon’s orbit becomes align with
the plane of ecliptic then lunar eclipse occur. In order that an eclipse
of the moon may take place, the Moon must come sufficiently close
to the ecliptic. The Moon, on the full moon day, must be close to the
one of the nodes of the moon.
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In the big orbit of N’ (Ketu)

the Moon intersects
with the ecliptic at \ Ecliptic
two points N and
N/, these points are
referred as ascending
node and descending
mode of the Moon. \ N (Rahu)
There are called Rahu Moon’s orbit
and Ketu. The total
lunar eclipse occurs when the whole of the Moon passes through
the shadow and the eclipse is partial when only a part of the Moon
enters the shadow.

In Siddhantasundara, eclipse is explained in several ways. Verses
3 & 4 explains that the cause of lunar eclipse is ‘Rahu’. Jnanaraja
compared with a part of Ramayana. Ravana was killed by the arrow
of Rama. The cause for killing Ravana not the arrow but was Rama,
who fired the arrow. Similarly Rahu is the main cause of eclipse.
The author identifies Rahu as the lunar ascending node. In the
previous chapter diameter of solar disc is determined. In the verse
7, it is measured as the solar disc has 6500 yojanas and the disc of
the Moon has 480 yojanas. If the mean diameter of the Sun is d, u
the Sun’s mean velocity and v the true velocity, then the apparent
diameter of the Moon can be computed in a simple way

d=dx2
v
To calculate the time of lunar eclipse, it is necessary to calculate
the diameter of the shadow of the earth at the distance at which the
Moon passes through it.
If d_is the diameter of the shadow, d, d , d be the diameters of
the Earth, Sun and Moon respectively in yojanas, than

d
d,=d,—(d, —d,)x—"
N e ( su e) d

su
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If d, is considered as 1600 yojanas, we find the diameter of the
shadow.

d, — 1600 — (6500 —1600) x 20
6500

= 1600—4900><ﬂ
6500

= 12382 yojanas

that is 2 times more than d

It can be measured geometrically. Verse 14 gives the method to
find the lunar latitude. The inclined orbit of the Moon intersects the
ecliptic in two points 1800 from each other. The angle between the
position of the Moon and the ecliptic is called lunar latitude. The
angle between the circle of the ecliptic and the circle of the inclined
orbit of the moons 4°30’ = 270’. This means that the greatest lunar
latitude, which is attained when the Moon is 90° from one of its
nodes is 270’. We can compute the lunar latitude.

B =sin(\), —)\E)x%

Half-duration of the eclipse is computed using lunar latitude
applying the formula noticed in the verses 15 & 16.

60 x \/(rc +rm)2 _62

Vin = Vsu

Half duration of the eclipse =

where 7, is the radius of the shadow of the Earth,  is the radius of
the Moon; v _to v_ are the velocities of the Moon and the Sun.
Similarly, half-duration of the totality

_ 60x+/(r. —rm)2 —ﬁz

Vi = Vsu
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Jnanaraja very nicely explain the point of contact and point of the
end of the eclipse line. The amount of abstraction at a given time is
also determined by the author.

Another special feature of Siddhantasundasa is the topic “valana
is included this candragrahana chapter. In other Indian astronomical
texts valana is treated in separate chapter. Ayanavalana and
aksavalana are computed. The formula given for the ayanavalana is

sin() +90) x SNC4)

R
A = processional longitude of the planet.

Jnanraja wrote ‘At mid-eclipse, the valana, which is the distance,
is corrected by me”. The sine of the longitude of a planet increased
by three signs is multiplied by the sine of 24 degrees and divided by
the radius, the arc corresponding to that result is the ayanavalana.

To compute aksavalana another formula is given by the author.

) SO
sin(d)x —
(d) =

where d is the hour-angles so the equinoctial shadow and ho the
equinoctial hypotenuse.

On a new moon day, the Sun and the Moon are on the same side of
the Earth. The ray of the Sun are obstacle by the Moon to reach the
Earth. A shadow-cone is produced by the Moon and solar eclipse
occurs. The conditions of solar eclipse are

(1) the day must be a new moon day (amabasya)
(i1) the new-moon must be close to one of the nodes.

On new moon day, the Moon is sufficiently close to the ecliptic
and so, solar eclipse is possible. Since the diameter of the Moon is
smaller than the Earth, solar eclipse is visible only from a limited
portion of the Earth’s surface.
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In this text, the author described parallax. ‘Parallax is the
phenomenon that a heavily body when viewed from the center
of the Earth, is not seen at the same position with respect to the
fixed stars as when it is viewed from a position on the surface of
the Earth. The parallax of a planet is the angle between two lines
formed by connecting the planet with the centre of the Earth and a
given location on the surface of the Earth.

The parallax of the Moon is EMO. For lunar eclipse parallax is not
taken into account. The reason is that effect of parallax is the same
for the Moon and the shadow of the Earth. The role of parallax for
solar eclipse is prominent. Combined parallax is parallax on the Sun
and the Moon is considered.
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Combined parallax
/MES =180°— ZEMS — ZESO
Considering AEMS

/MES =180°—- ZEMO
/MES =180°—(180°— ZEMO) — ZESO = ZEMO — ZESO

So, the combined parallax of the Sun and the Moon is the parallax
of the Moon diminished by the parallax of the Sun. Verse 2 defines
longitudinal and lattiitudinal parallax as the previous texts. Parallax
is categorized into two by the Indian astronomers; one component,
lambana, longitudinal parallax and two, nati, the latitudinal parallax.
Nati is measured on a perpendicular to the ecliptic. This chapter is
devoted to compute parallax and also a solar eclipse. The author
shows the method to derive the formula for the longitudinal
parallax from the proportions. When the sine of the difference of
the longitudes of the meridian ecliptic point and the Sun is R, then.

sin(A,, —A,,) ©™ . .
B E— = 1 (w is the value of sine)

If the value of the longitudinal parallax when the sine of the
altitude of the nonagesimal is R, w*
sin(av)

Then —= = —
R !

These two equations give a formula for longitudinal parallax. This
treatment is same as found is Shisyavddhidatantra.

When a planet or a star comes into proximity of the Sun it becomes
invisible. This phenomenon is known as helical setting (astamana).
When the interval between the Sun and the planet increases so
that the planet becomes visible again it is known as helical rising
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(udaya). Three planets viz. Jupiter, Mars and Saturn have slower
motions than the Sun. Therefore they set, when the Sun approaches
them. The planet, which has a motion slower than that of the Sun.
always rises (heliacally) in the east and sets in the west. The planet
which has a faster motion rises in the west and sets in the east. Mer-
cury and Venus, when retrograde, do the same, but when they have
direct motion, they rise helically in the west and set in the east. As
so does the Moon. The proper direction of the planets and the Sun
is eastward, whereas their daily revolution is westward. Thus the
planets having greater longitude than that of the Sun rise and set
later than the Sun. The planets become visible in the sky after setting
of the Sun. As the Sun’s distance from these planets becomes small,
these are visible slightly above the western region after the sunset.
When the distance further decreases, the planets appear setting in
the West and remains invisible in the successive period, when the
Sun owing to its faster motion, goes further ahead on higher longi-
tudes, the planets rise in the east earlier than the Sun. It is known as
heliacal rising.

Time degrees for heliacal visibility are different in different texts.
But the maximum degrees of rising and setting are same.

Planet Time — degree according to
Suryasiddhanta Siddhantasundara

Mars 17° 17°

Mercury 14° 13°

Mercury (retro) 12° 12°30/

Venus 10° 8°

Venus (retro) 8° 7°30/

Saturn 15° 15°

Jupiter 11° 12°

Moon 12° 12°
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It is demonstrated the process to determine interval of time with
the help of time degree of the planet, the Sun and the time degrees
of the maximum limit of visibility the interval before and after the
heliacal rising and setting can be known in terms of time unit. The
rising times of the sign on which the planet or the Sun is at the
calculated moment should be multiplied by the daily motion of the
respective planet and divided by 1800.

The rule is like this:

1800 : rising time of the sign :: daily motion : required rising time

. . rising time of the sign x daily motion
: Required time = 1300

The difference of the daily motions should be found. By this
result, the difference of time-degrees should be divided. The result
will be the interval in days past in the heliacal rising or selling.

To find the required days we get a formula:

Difference in time-motions : one day : : Difference in Kalamsas
: required days.

1 x difference in Kalamsas

required days = — —— -
Difference in time motions

Difference in Kalamsas

difference in time motions

This formulae are same as the followers of Suryasiddhanta, like
Somasiddhanta. Stars are fixed and relatively they are approached by
the Sun. They set in the west and rise in the east. The time of rising
and setting can be calculated as the planets. There only the relative
motion of the Sun has to be taken into account. The Suryasiddhanta
has mentioned that the six stars do not become invisible. These are
(1) Abhijit (i1) Brahmahridaya (iii) Svati (iv) Srvana (v) Dhanistha
and (vi) Uttara bhadrapada.

In the crescent half month the Moon becomes visible in the sky
immediately after the Sun-set its position in the sky being dependent
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on its distance from the Sun. On the last day of the krisna paksa
the Sun and the Moon are on the same longitude. The Moon rises
with the Sun and remains invisible. When the difference between
the longitudes of the Sun and the Moon becomes more than 180
degrees, the Moon rises on the eastern horizon after the Sun set.
Knowing this difference one can measure how long after the Sun-
set the Moon will rise on any day of the krisnapaksa. According to
Siddhantasiromani the problem is to find the time that has elapsed
after the rise of the planet not on the horizon but elsewhere. The
corresponding prak-drk-graha could be found exactly and at this
position of the prak-drk-graha is a point of ecliptic. The heliacal
time of rising and setting of a planet can be computed early. Having
found the approximate position of the drk-graha when the planet is
likely to rise or set heliacally, and let the time in between the rising
of the drk-graha and that of the Sun.

If x and y be the differences of the longitudes of the planet and
those of the drk-grahas respectively. Then

tan tan
tan x = b and tany= s
tan 0 tan

where [ is the latitude of a planet and 6 and ¢ the angles which the
ecliptic makes with horizon at the planet’s rising and setting respec-
tively.

In Siddhantasundara, Naksatrachayadhikara chapter consists of 23
verses describing ‘mandasphuta graha’, ‘sighrakarna’, ‘ayanava-
lana ‘grahasthana etc. to determine longitude of the setting planet is
asta-lagna and others. The Venus is to be studied carefully to explain
the nature of yasthi.

\/Rz—H *sin®y is could yasthi were y is the ayanvalana.
In the previous astronomical texts the chapters are devoted on
grahachayadhikara but the title of this chapter in siddhantasundara
is naksatra chayadhikara. Comparing Bhaskara’s Siddhantasiromani
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WEEpe! U T fHUSH YAl a = a8 T1aIsfT the node is situated

in the ecliptic but in Siddhantasundara, the treatment is something
different but the concept is traditional.

The latitude ( of the planet multiplied by yasthi and divided by
R gives the corrected value of latitude which could be added to the
declination of the foot of the latitude, we get modern declination of
the planet.

R be a celestial body whose latitude is 3 and declination RL

Let M is the foot of the latitude circle, RL is called sphutakranti
and RM is viksepa and R M be sphuta-viksepa, then corrected value
of latitude

_ Yasthix (3
R

Ayana drk-karma correction measured in minutes is obtained
by multiplying ayanavalana by the celestial latitude and divided by
H cos 6 (H cos 6 = R) and then multiplied by 1800. The result is
divided by the rising time of the rasi on which the planet belongs.
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Grahasthanaim, the important subject to relate the grahachaya on
the ecliptic. Siddhanatasiromoni noticed that -

TEFAT T U FeeaTe dfadr: I /
GFRHAT ST HEHTE T g //

1.e. “in the case of stars with are fixed, the sphuta-saras or polar
latitudes are given and longitudes rectified for ayana drk- karma are
given. Bhaskaracharya made this as an approximate statement”

In terms of conjunctions, Suryasiddhanta has described five types
of conjunction depending on the way the planets come into contact.
These are:

Ullekkha — when there is only the contact of the planets, it is known
as ullekkha.

Bheda: When a planet covers some part of another planet but both
appear as distinctly apart, the phenomenon is known as bheda

Amsuvimarda : when the discs of the planets remain apart but their
rays mingle, the phenomena is known as amsuvimarda (encounter)

Apasavya = If the interval between the planets is less than one
degree and if one planet is faint, it is known as apasavya encounter.

Samagama: If the interval is more than one degree’ the phenomenon
is known as samagama. To determine the particular movement, one
particular point has to be marked. So, in each asterism a particular
star when comes into contact with that star of a particular asterism
it is said to be in conjunction with that asterism. That star is known
as junction star. In case of junction-star the latitude is measured on
the dhruvaprotavrtta as it is deflected away from the polar longitude.
The junction-star is considered as a fixed star and moves around the
pole of the heavens and its longitude is reversed to that point of the
ecliptic where its dhravaprotavrtta meets the ecliptic.

Srngonnatyadhikara is that chapter where diurnal rising and setting of
the Moon, Moon’s shadow, elevation of lunar hors, diagram of lunar
horn etc. are discussed. The Siddhantasundara is the exceptional.
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As the Suryasiddhanta and its follower Siddhantasundara explains
srngonnati as usual.

Moons Sphutakranti, declination of the Moons centre is
found from the sun or difference of the Moons mandyakranti
(madhyamakranti) and its latitude according to the directions.
From this true declination the Moon’s ascensional difference can
be calculated. In the first quarter of a lunation, on the day when the
elevation of the cusps of the crescent Moon is to be determined.
Then at the moment of Moon-rise or set, the R sine of the altitude of
the moon is to be computed by noting the time from the moment of
Moon-rise. When the phase of the Moon according to the definition
of phase in modern term is less than half, the Moon will be crescent.
Generally, on the back ground of the horizon, one of the cusps is
more elevation than the other, this elevation is termed by Indian
astronomer as srnngonati. In this text, author dedicates 18 verses
to explain srngonati. The rule adopted by Lalla, Sripati and many
others is almost same.

To find the cusps of the Moon, one must first find the true longitudes
of the Sun and Moon on the second day of the light half of the lunar
month, at sunset. According to mallikarjuna, the Nalakayantra is
used to observe the star or the planet. It is the first observation. The
second observation relate to the Moon. If the then longitude of the
Moon is not known, the longitude of the midnight Moon should
be found and then the two visibility corrections applied. From the
Moon’s longitude corrected by the two visibility correction, its Rsine
altitude, Rsine amplitude and base are calculated, so the bhuja (bahu).
The sum or difference of the Sun’s and Moon’s bhujas accordingly
as they are in the opposite or in the same direction, is the north-south
difference of the two bodies. The method to determine sphutabaha
or correted bhuja is almost same in all texts from where Jnanaraja
took the idea. The bhuja of the moon is in a direction different from
the sun, find their sum. If their directions are the same then take their
difference. The result in each case is called the corrected bhuja or
sphutabaha. This method is given clearly in the Brahmasiddhanta is
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Sakalyasambhita. A simple method to get the light half of the Moon
is stated here. The difference in the true longitudes of the Sun and
moon in degrees, multiplied by the radius of the Moon and divided
by 90, gives the illuminated portion. When the difference (mentioned
above) is diminished by 1800 and the remainder is multiplied by the
radius of the Moon and divided by 90, the result is the dark portion
of the dark half. Multiplying the reversed sine of the difference in
the longitudes of the Sun and the Moon by the Moon’s radius and
divide by the radius, the result is the breadth of the illuminated
portion of the Moon. This may be converted into angulas. The lower
cusp of the Moon is on that side on which lies the base measured in
angulas, and the other is the higher cusp. The Moon’s higher cusp
rises first and sets later. The cusp of the Moon, when its crescent is
very narrow, becomes beautiful.

Conjunction of planets is explained in every astronomical text
composed by ancient astronomers. A method to find the distance of
the earth and the planet is found applying the formula.

R : manda hypotenuse :: sighra hypotenuse : ?

This formula was developed by Mallikarjuna. Aryabhata
gives this method in his masterpiece Aryabhatiya. This gives the
diameters of the planets in yojanas. If the diameter of the Moon
measured in yojanas is divided by 5, 10, 15, 20 and 25, the results
are, respectively, the diameters of Venus, Jupiter, Mercury, Saturn
and Mars.

The latitudes of Mars, Mercury, Jupiter, Venus and Saturn are
respectively, 9, 12, 6, 12 and 12, minutes, each multiplied by 10.
The nodes of Mars, Jupiter and Saturn become more accurate when
corrected by adding to their longitudes or subtracting from them.
The respective sigraphalas of the planets according to these are
additive or subtractive. If the two planets are moving in the same
direction, Then to find the days elapsed since the conjunction, divide
the difference of their true longitudes in minutes by the difference of
the true daily motion. If the slower planet is ahead, the conjunction
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will take place after so many days. If one planet is direct and the
other retrograde, divide the difference of their true longitudes and
expressed in minutes, by the sum of their true daily motions. If
retrograde planet has the greater longitude, the conjunction will take
place after the days in the quotient. Very interestingly it can be said
that astronomical observations and mathematical treatment were too
sophisticated in ancient Indian astronomy.

The true latitude of the planet can be determined by Rsine of the
remainder of each case multiplying by the greatest mean latitude of
the planet and divide by its distance from the centre of the earth.

Jnanaraja excellently represented the duration of conjunction
of planets and asterism. When the latitudes of two planets are
of different denominations, each planet is said to be in the same
direction of the ecliptic as its latitude. But when they are of the same
denomination, the planet having the shorter latitude is said to be
in a direction opposite to that of its latitude with reference to the
centre of the other planet. He determined the direction of planetary
conjunctions. He calculated udaylagna (rising ecliptic points ) and
the astalagna (setting ecliptic points)

If the true longitude of a planet is greater than the polar longitude
of a naksatra, their conjunction has taken place; if less, it will take
place. It is a good observation. As for example, the polar longitude
of Agastya is 2° 27°. When the true longitude of a planet is the same
as this value, there is conjunction of
the planet and Agastya. The Moon,

when is the middle of the asterism
of Rohini, it its southern latitude is
2°40’ and occults the principal star,
Rohini, when its southern latitude
is 4°30’. Again the moon occults
the middle star of the asterism.
Magha when it has a north latitude
of 4°30/.
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To calculate the rising ecliptic point or setting or ecliptic point,
the method which can easily be applied, is given below. (Figure)

Let AB be the ecliptic, AC the equator, P the north-pole, N the
naksatra and PN FH meeting the ecliptic and equator in F and H
respectively. Let NE be the diurnal circle of N meeting EFG, the
horizon in E.

Then AF is the polar longitude or dhruvaka of N, FH its mean
declination, NF its latitude and NE the visibility correction due to
local latitude or aksadrkkarmasu.

Then, NH = true declination of sphutakranti

= NF + FH

= latitude + mean declination

If N and F lie on opposite sides of AC, the true declination would
be the difference between the latitude and the mean declination.

It is a convention in Indian astronomy that rising and setting of
the stars are due to motion of whirl wind. Before Siddhantasundara
old Indian astronomical manuscripts notices this concept. The
lagnas calculated by the method given here are called udayarka and
astamayarka. Let, the Sun is on the eastern horizon, a naksatra will
rise helically with the Sun, if its udayalagna is above the horizon at
a distance of 14° kalamsa from the sun. To find the true longitude of
the Sun in this position, the Sun is at that point of the ecliptic which
following the udaylagna is at a distance 14° kalamsa from the Sun. In
this chapter time or helical visibility of the stars, helical invisibility
of the stars, helical invisibility of the stars, helical visibility of stars
at any place etc. are vividly discussed. The difference between the
udayarka and astamayarka of a naksatra, expressed in minutes, when
divided by the true daily motion of the Sun, gives the days for which
naksatra is visible or invisible.

Patadhyaya contains only 15 verses in Sidhantasundara. Pata is
understood in uyatipata and vaidhrti. Vyatipata is defined as occurring
at that moment when the sun and the Moon have equal declinations,
being situated in opposite ayanas but in the same sphere. The
second pata vaidhrti occurs when the Sun and the Moon have equal
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declinations, they being situated in the same ayana but opposite
spheres. In Indian astronomical texts this chapter is composed in the
last. Here the author described closely the uttaragola, daksinagola,
uttarayana, dakainayana etc. Geometrically, Vyatipata is explained
through poetic manner.

M/

In this figure, Vyatipata occurs when SL = MN, where S and M
represents the Sun and the Moon situated respectively in Uttasayana
and daksinayana respectively but in the same uttaragola. If the
positions of S and M are interchanged, then also vyatipata occurs.
The vaihrti occurs when SL = MN, here both the Sun and the Moon
are in the same ayana but in opposite golas.

Time of vyatipata and vaidhpti is calculated mathematically in
this chapter which is called patimaddhyakala. When the Sun of the
true longitudes of the Sun and the Moon is 6 or 12 signs, the time
i1s known as patadhruvakakala. Finding the longitudes of the Sun,
Moon and its nodes at that time, the declination and latitude of the
Moon and hence its true declination ore determined.

The prathama (first difference) is the difference between true
declination and sun’s declination and a para is the difference between
sun’s declination and the Moon’s declination. Now, the difference
between the prathama and the apara is the increase or decrease in the
difference of the Sun’s declination and the Moon’s true declination.
The mathematical explanation is adopted by the scholars at modern
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time. Which helps to determine patamadhyakala, patadhruvakakala
and patasparsakala.

Vyatipata and vaidhrti are important from the point of view of
pancanga or calendar. The verses committed to explain the method
to find the time taken by the Moon to leave the end of a yoga, tithi
and karana.

This general note according to the verses of Siddhantasundara is
expected to understand the main principle of astronomy of ancient
and classical age. There is small difference in concept of theoretical
astronomy of different decades. Aryabhata started this journey
accumulating previous knowledge and initiating mathematical
discussion. Bhaskara supported this school but in early age
Brahmagupta become a great critic of Aryabhata. In khandakhyadaka,
he agreed with Aryabhata, Bharkayacharya supported Brahmagupta
and composed a large volume containing four chapters. Jnanaraja
composed this text which is important for its addition of yantramala,
rtuvarnanam.

Section: Goladhyaya

I praise the god, Ganesha on whose forehead the moon rests, on
whose temples a line or black bees congregated in search of nector
who is the god of success, at whose feet the heart of the gods, and
whom even Brahman, desiring to create three worlds, served for
the sake of unhindered success, I, Jnanraja, am composing Siddhan-
tasundara, which is correct. I am bowing down to my teachers as
well to Bhuvenshwari, whose blessing has destroyed darkness who
was worshipped through a yantra, respecting that deity I am starting
to compile Siddhantasundara. According to the knowledge given
by Brahma, which is present in Bramasiddhanta in Sakalyasambhita
the previous knowledge of motion of planets. In the slokas I am
presenting that knowledge precisely, with demonstration. Brahma
compiled eight Siddhantas, Surya, Soma, Vasistha, Romaka, Pulas-
tya, Brhaspati and Garga. The methods planetary motion are given
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in three books. To cross over the difficulties by demonstrations of
siddhantas were made by Bhojraja, Varahamihira Son of Jishnu,
caturveda, Aryabhata and Bhaskara.

The three Vedas came forth for the sake of rites such as sacrifices
and so on. Time and direction in these sastras, which is to be studied
by Brahmana, was taught by ancient sages.

Jnanaraja, son of Naganatha, compiled Siddhantasundara praising
Ganesha. According to Indian tradition the bees are attracted by
the forehead. The author says that even Brahma, desiring the three
worlds, served for the sake of unhindered success.

Jnanraja noticed Tantrism, which means systems. He invokes
Bhuvaneswari, the deity of tantra. This tantra is the text of
astronomy. The source of Siddhantasundara is Brahmasiddhanta in
Sakalyasambhita. Brahonasiddhanta in sakalyasmhita was narrated by
Brahma to sage Narada. Brahmasiddhanta followed Suryasiddhanta,
So, Siddhantasundara also followed Suryasiddhanta. In India, four
Brahmasiddhantas were found one, Paitamahasiddhanta, two,
Brahmasiddhanta in Sakalyasambhita, three, Brahmasphutasiddhanta
of Brahmagupta and four, in Vishnudharmottora Purana. The
Brahmasiddhanta mentions eight questions where this siddhanta
belongs to second ‘prasna’. Jnanaraja also mentions eight
treatises, Brahman, surya, soma (Candra), Varahamihira, romaka,
Pulastya, Brhaspati and Garga. Dhavale edited Brammasiddhanta
in Sakalyasamhita consulting nine manuscripts collected from
different repositories, Somenath Chatterjee also studied this text
and his published book contains translation and notes. Chatterjee
translated those verses which are related to astrnomy. The third
chapter consists verses describing rituals, astrological contents etc.
Chatterjee avoids these verses in his book. The eight ‘prasnas’ are:
first, Surya, second, Brahman; third Pulisa, fourth, Soma; fifth,
Romasa, sixth, Garga Seventh Brhaspati; eighth, Vasistha.

Jnanaraja compiled this text when western astronomy started
to induce Indian astronomy directly. In Medieval period, Arabic
astronomy also took a crucial part in Indian astronomy. After
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Bhaskaracharya’s Siddhantasiromoni, not many elementary works
were done in India Siddhantasundara is exceptional and compiled
in crucial period.

The author called siddhantas as ‘tantras’. Most probably, author
respects ‘eight’ as his ancestor. He noticed eight tantras as eight
limbs in the system of yoga, eight limbs in the system of ayurveda
and eight astakas of the Rgveda. In the three Vedas, rites, correct
timing for sacrifices depend on astronomical calculation.

It is said that ancient sages who begin their religious rituals
during any forbidden time, such as during the intermission of study,
is not ‘dwija’ twice born.

The statement of Veda conquers for the earth. The mouth of the
lord is vyakarana; nirukta is said to be his ear; likewise, his nose
is siksa; Jyotisa is his eye; his pair of hands is Kalpa and his pair
of lotus like feet is chanda. In this way six limbs are identified for
measuring and recognition.

Specifically Jotihsastra has three divisions; astronomy, astrology
and hora. The computation of planetary motion is the part of
astronomy, the siddhanta texts with the help of mathematics gives
the measure of a Kalpa and Computations is with demonstration.

The principle of creation of this words is the combination of
prakriti and Purusa’. The basic elements of creation are sound, sky,
wind, light, water, from water the another basic element of smell
arose, earth arose and jointly this world arose.

Astronomically ascendant means a point on the horizon where the
ecliptic is rising. The forbidden time means a woman has the same
ghatika as a given man has the same ascendant , So, that woman is
a sister, not marriageable. An action about direction is fruitless, so
tithis are explained. The science of astronomy is explained through
such metaphor which is the tradition of India. The Vedangas, limbs
of the veda, are sir auxiliary disciplines through which Vedas are
properly understood. These disciplines are considered as the different
parts of a body i.e. mouth as vyakaran, nose as siksa, jyotisa as eye,
hands as Kalpa, feet as chandas, Kalpa is considered as the age of
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creator — god brahma, 432000000 years. The Indian astronomical
knowledge in divided into three divisions, astronomy, science to
explain motion of planets, time, direction, space; astrology, tries to
explain the fate of fellows assuming the application of planets and
stars; hora is nothing but table of a fellow indicating his ‘chak’

Very interesting, the author includes the cosmology according to
Indian philosophy. Sankhya is one of the classic schools of Indian
philosophy. The principle of this school of philosophy regards that
this world as being composed of two elements prakriti and purusa.
Jnanaraja tried to explain the creation in detail according to Sankhya
school of Indian philosophy. Here purusa is considered as the
universal consciousness, prakriti is choiceful consciousness. Both of
them are eternal, timeless and immeasurable. According to samkhya
philosophy, prakriti or nature in responsible for all manifestation
and diversity.

The universe rests in the belly of the creator of all. From his two
feet, the earth; from his naval, the atmosphere; from his head, the
heaven; from his mouth, Indra and Agni; from his breath, wind. This
explanation is found in the Veda. In the heart, moon rests; the Sun
rests in the eyes. From his car, all the directions arose. This is the
path of creation in the present kalpa.

The seven vital airs merged into the primeval persons during the
previous destruction; created seven persons. By them, one creature
was formed. He appeared from a lotus. This is fashioned by (Brahma)
creator and it is called his creation. At first, Brahman created water
from his own speech. He entered along with triple by means of a
portion of himself. As a result an egg arose. From that portion, Agni
arose. After pressing the pair of shells together and put them in the
water, the earth was born. Then he joined with (earth) possessing a
portion of Agni. An egg arose, and air was created.

At that place, atmosphere came from the shell of the egg. Joining
with sky, having joined his own portion with air, he made an egg,
the sun arose. In that place. The heaven arose from the shell of that
egg and the sun beams arose from the juice sticking to the half-shell;
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joining with sky by means of his own portion along with a portion of
the sun an egg appeared. Referring Satpathabrahmana the creation
of the universe is explained in this text. Here the author is trying to
make a particular path of creation.

The term Kalpabheda is often used by the interpreters of the
puranas. Kalpaveda means different kalpa (veda means different).
Kalpa refers to the 4,320,000,000 years. A period of 47400 divine
years during which the Earth, planets and so on are created, occurs
at the beginning of the Kalpa is a basic idea of saurapaksa.

A divine year is considered as 360 of our years, so the period is
360 x 47400 = 17,064,00 years. This period is called sristikala. After
the creation of the Moon, Sun and five great elements (Mahabhuta)
Brahma created other planets and stars. According to Suryasiddhanta
from fire was born the Mars; from Eath, the Mercury; from ether, the
Jupiter; from water, the Venus and from wind, the Saturn.

There is a thought process explaining the sphericity of the Earth.
In Indian thought Lanka, Romakapura, Siddhapura and Yamakot are
four imaginary cities on the terrestial equator, each being 90° from
its neighbors. In Indian philosophy pramanas (proof) are ways for
acquiring knowledge. These pramanas come from different ways;
direct observation, logical inference and now obsolete in science
supernatural authority. Jnanaraja presented pramana by experience.
Yojana, the unit of distance in Indian tradition, varies from 2’2 miles
to 9 miles differs in various contents. Here in consideration is if one
travels from east to west, no change in altitude above the horizon
is perceptible but a change in altitude is seen when traveling from
north to south. Verse 25, says when travelling 14 yojanas north, the
polestar is elevated 1°. If C be the circumference of the Earth in
Yojanas, and since C corresponds to 360°, then

1360
14 C
C=14x%360

= 5040
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So, the circumference of the earth is 5040 Yojana. Jnanaraja
describes the geography of the northern hemisphere is almost
similar described in Siddhantasiromani. Motion of the celestial
sphere is explained in Siddhantasundara nicely. The seven winds
surrounding the Eath are Avaha, Pravaha, Vdvaha, Samvaha, Subaha
Parivaha and Paravaha. The celestial sphere at the earth’s equator is
constantly carried towards the west by the Pravaha wind. According
to mythology, to the gods it appears to move to the right and to the
demons, to the left.

The Sun moves from the first point of Aries to the last point of
Gemini in three months. Again from the first point of Libra to the
last point of Sagittarius in three month. The greatest altitude of the
Sun is 24° from the horizon during the day of the gods or demons.
The Zenith 1s 90° from the horizon. This is equivalent to 14 ghatikas
along the equator. So, when the Sun has its greatest declination of
24° and reaches its great latitude. The gods see the Sun during the
first half of the solar year; the demons, see it during the second half.

The bright half of the moon increases periodically and the dark
half is that during which the dark portion increases. So, the morning
twilight is the eighth day of the Moon in the dark half of the lunar
month and the evening twilight is the eighth day of the Moon in
the light half of the lunar month. Since on the day of the new moon
the Suns disc is just above that of the Moon, to the manes, the Sun
appears to be on the zenith. As the Moon recedes from its position
below the Sun, the Sun appears to be declined. Then, on the middle
of the eighth day, when the Moon is at a distance of 90° from the
Sun, it appears to be on the horizon.

On the full moon day, the Sun is hidden by the Moon’s disc which
is at a distance of 6 signs from it. Again on the eighth day, when the
Moon approaches the Sun, the latter is visible. Then, gradually, it
rises above the horizon.

Sisyadhivrddhida tantra of Lalla describes this chapter in another
form. In goladhyaya. Maddhyagativasana is well organized. The
creator’s day Lalla explained as ‘Brahma the creator, stationed at a
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greater distance from the Earth, Sees the Sun at all times. So the day
is different from that of the gods. When he closes his eyes, it is night
for him and vice versa. During the day of Brahma, the Earth increases
1 Yojana and all its sides, during the night this imaginary growth of
the earth is destroyed. The whole creation gradually destroyed and
created. This is the notion of our traditional knowledge; Jnanaraja
did not ignore such myths associated with cosmology, motion of the
earth and other planets.

In the chapter of chedaka, we get the concepts of different circles
like kaksyavrtta. A planet’s own orbit with radius equal to the semi-
diameter of the planets orbit and graduate it with the divisions
of degree and minutes. Knowledge of the sphere of universe is
essential to an astronomer. The astronomers depend on the sphere
of the universe for calculations of position of planets, motions of
planets etc. the mean motions of the planets are clearly perceptible
on the armillary sphere. If the circumference of the Kakasyavrta is
divided into 12 signs following the 12 signs of the Zodiac and the
earth at the centre of the circle, it can be easily explained. From
this circle we can get eccentric circle or kendravrtta. With the upper
end of the diameter a centre and radius equal to the radius of the
epicycle, if we draw a circle, we get nicocavrta or the planet or
epicycle of the planet. When a planet is at a distance of 6 signs from
the apogee, it is said to be at the perigee or nica when a planet is at
the perigee, it is nearest to the earth. Thus a planet appear small or
large accordingly. The formula which Jnanaraya adopted from lalla.
For the first correction to the motion of a planet is

Correct manda epicycle " bhogyakanda
80 225

X motion of mean anomaly

And formula for the sighra correction to the motion of a planet is

correct sighra epicycle « bhogyakanda o R
80 225 hypotenuse

X motion of sighra anomaly
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When the anomaly is within 6 signs, beginning with Capricorn,
its Rcosine is above the Rsine antyaphala. So, their sum is the correct
Rcosine. Again, when the anomaly is within 6 signs beginning with
cancer its R cosine is below the Rsine antyaphala. So their difference
gives the correct Rcosine.

In Indian system the distance between the centre of the earth
and the true position the planet is known as hypotenuse or karna
the correction or phalo is determined where the hypotenuse cuts the
arc of the concentric intercepted between the point and the position
of the mean planet. At the end of a revolution of a planet there
is no difference between its mean and true motions. The various
phenomena relating to a planet, such as its rising, regressions, etc.
arc only apparent.

Further chapters of goladhyaya section are self-explanetary.
But in yantramala chapter, all precious astronomical instruments
are studied. Not only previous knowledge of instruments, some
innovative ideas are found. One instrument is noticed here which
is not known before. Jnanaraja did an excellent job in rtuvaranam
chapter which is unique in astronomical text.



Concluding Remarks

Siddhantasundara, an astronomical text was composed in the early
sixteenth century (1503 CE). At that very time western science was
floursing in and other parts of the world. Two different titles, Sid-
dhantasundara and Sundarasiddhanta, are used in manuscripts, as
well as in secondary sources, though Siddhantasundara is mostly
used.

Jhianaraja explicitly says in the verses of the goladhyaya that
what he has put into his own verses and augmented by adding
vasanas is the astronomical knowledge that was spoken by Brahman
to the sage Narada and written by Sakalya, in Brahmasiddhanta in
Sakalyasarhhita. This is the main source of Siddhantasundara. The
Brahmasiddhanta mentions eight personage as the authorities from
whom the since of astronomy originated.

U= H: YA Jorecared foaeard:
TehT=d ARTET=d TETY Jeeqd:

Jianaraja also names the same eight sages as the originators of
eight treatises:

(i) Brahman, (2) Stnya, (3) Candra, (4) Vasistha, (5) Romaka,
(6) Pulastya, (7) Brhaspati, and (8) Garga. Brahmasiddhanta is
considered as second prasna (f&fi& 92). Dhavale edited first the text
and he found some details about eight prasnas. Chatterjee also edited
examining Dvavale’s edition and other four manuscripts where the
author indicates eight prasnas. The eight astronomical treatises are
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considered old siddhantas. These siddhantas are titled according to
the spokesman or teacher like Siiryasiddhanta, the siddhanta which is
explained by Surya to Maya, similarly Brahmasiddhanta was spoken
by Brahma to Narada. Varahamihira compiled five astronomical
texts Suryasiddhanta, Pitamahasiddhanta, Romakasiddhanta,
Paulisasiddhanta and Vasisthasiddhanta. This Stryasiddhanta is
old siddhanta. Popular Suryasiddhanta is considered as modern
Stryasiddhanta

Jianaraja follows the Indian school of astronomy in spite of
then existing western influence and Islamic school of astronomy.
When Jiianaraja composed this text then Islamic culture had already
penetrated India. Jianaraja learned Heron’s method to find the
square root of any given positive number by means of an initial
approximation and iteration. Mathematical knowledge of the author
is reflected in the text.

A few astronomical terns important to understand this text are
explained below:

Epoch: The Indian astronomers are not keen observers but good
calculators. They did not record the observation but calculated
from observations an epoch the places the planets should occupy.
Varahamihira gives as the working epoch for the Paiamahasid-
dhanta, saka 2; 80 CE; for the Romakasiddhanta saka 427, 505 CE
etc. The modern Suryasiddhanta actually works from the beginning
of the Kali Yuga or 3102 BCE.

Ahargana: Ahargana means ‘sum of days’ return to a method of cal-
culating the number of years, intercalary months and omitted tithis
in a yuga, the number of civil days (savana) that have elapsed from a
certain period, when the years, months, days (tithis), in which dates
are generally expressed like 15 Feb 2022. Here days, month, and
year are expressed. The astronomical texts give the years (Y) in a
cycle, the intercalary months (Mi) in a cycle, and the omitted tithis
(Do) in a cycle as the essential elements. From these elements other
elements can be deduced.
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Solar month (Ms) =12Y
Synodic month (Me) = 12 7 + Mi
Sidercal month (Msi) = Me + Y
Solar days (Ds) = 30 Ms

Tithis (De) = 30 Me

Civil days D = De — Do

Celestial coordinates: For bodies on or near the ecliptic, ordinary
celestial longitude was used. The method was not sophisticated. In
the Paficasiddhantika the two stars of Punarvasu, are given the same
longitude and latitude.

To express the latitude of a star its distance in angulas from
the ecliptic was given, the moon’s diameter being divided into 15
angulas. Later the co-ordinates used for defining the position of
stars were the ecliptic and the great circle passing through the poles
of the equator and { Piscium. The longitude is then the part of the
ecliptic intercepted between ( Piscium and the point of intersection
of the declination circle passing through the star and the ecliptic.
The corresponding latitude () is the part intercepted on the same
declination circle between the star and the ecliptic.

Precession: The rule for calculating the amount of precession is —
In a Yuga (4,320,000 years) the circle of the asterism falls back
east-ward six hundred revolutions.
The period of revolution is 22 286000 = 7200 years the revolutions
referred to be those of a point on an epicycle whose centre is at a
fixed point on the ecliptic as deferent and the radius of the epicycle
is % of the radius of the deferent. The angle subtended by the radius
of the epicycle at the centre of the different is approximately 17%
degrees. In one revolution epicycle the precession is 4x17 17 and as

one revolution taken place is 7200 years the amount of precession a

year is approximately 35 seconds.
Naksatra and its meaning: The naksatra, means constellation,
occurs quite a number of times in the Rgveda and others. In the
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Atharvaveda all the 27 naksatras or constellations enumerated.
Griffith has attached the following notes with these naksatras:

Krttika — one of the lunar mansions, Pleiades.

Rohint — a lunar asterism personified as the daughter of Daksa and
the favorite wife of the Moon. It is called Rohini, the red, from the
colour of the constellations principal Aldebaran.

Mrgasira — a lunar asterism containing A Orionis.
Ardra — the fourth of sixth lunar asterism.
Punarvasu — the fifth or seventh lunar asterism.
Sunrta — pleasantness, a name of the Usa or dawn
Pusya — the sixth or eighth lunar asterism

ASlesa — the seventh lunar asterism (A$lesa)

Magha — the tenth lunar asterism. Sometimes regarded as the wife
of the Moon

Svati — the star Arcturus, as forming the fifteenth lunar asterism.
Citra — spica, virginis the twelfth lunar mansion.

Phalguni — forming part of a double naksatra.

Hasta — the thirteenth lunar asterism.

Radha — Success

Visakha — One of the naksatras or lunar mansions.
Anuradha — the seventeenth lunar mansion.

Jyestha — the sixteenth lunar mansion.

Abhijit — the twenty-seventh lunar mansion.

Sravana and Sravistha — lunar asterism twenty-eight and one
Satabhisa/Satabhisak — the twenty-fifth asterism.

Prosthapada — a double naksatra, the third and fourth asterisms.
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Revati — the fifth asterism.

A$vayuja — two —horse-harnessers; the head of Aries, forming
according to one account the first.

Bharani — three stars forming the seventh asterism.

Griffith concludes that these naksatras, the asterisms in the
Moons path, were twenty seven in number according to the earlier
reckoning and twenty-eight in later astronomy. But the number
twenty eight in connection with the enumeration of the naksatras
occur in the Atharvaveda.

ERIERIEANCIE IR RN SRR
The word ‘naksatra’ has been used in three senses

a) a star in general sense;
b) 27 equal parts of the zodiac;
¢) Asterism in the zodiac belt

The first and the third are the most frequent meaning of the word
in the vedic samhitas. It may be that the zodiacal belt was divided
into 27 equal parts called naksatras. In earlier literatures star groups
like Krttika, Mrgasira etc. are referred as naksatra.

True positions of planets:

The Stryasiddhanta states that the circle of asterisms, bound at the
two poles, and impelled by provector wind revolves eternally, and
attached to this, are the orbits of the planets - Saturn, Jupiter, Mars,
Sun, Mercury, Venus and Moon in this order. Ancient astronomers
accepted this order. The orbit of planet that is situated ‘higher’ is
larger than the one ‘below’ it. Thus the Moon makes many revolu-
tions, and Saturn does a much less number of revolutions because
the orbit of the moon in very small. The provector wind is believed
to impel the planets towards their ‘ucca’, and being drawn forward
and back ward, the planets are regarded as moving with varying
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motion. The word ‘ucca’ refers to both mandocca (apex of the slow-
est motion) and sighrocca (apex of the swiftest motion). Accord-
ing to Indian astronomers, wind is not related to the acceleration or
retardation of the rate of the planet’s motion.

A major concern of Indian astronomers was to determine the
true positions of the planets, particularly of the Sun and the Moon.
They endeavored continuously to adopt refined methods for such
determinations and have provided details, such details also throw
light on their trigonometrical and associated mathematical skills.

According to modern astronomy, the planets excepting the Moon,
revolve in orbit, of which the centre is the Sun. As a result of their
distances from the Sun, Mercury and Venus revolve round the Sun in
orbits smaller than the Earth’s; Mars, Jupiter and Saturn revolve in
orbits larger than that of the Earth and the orbits are not circular but
elliptical with the Sun at one of its foci. Greek planetary model is a
little different from Indian model. Long before Ptolemy, it had been
noticed that the motions of the Sun, Moon and the planets Mercury,
Venus, Mars, Jupiter and Saturn in the back ground of stars were not
regular. Apolonius of Perga (230 BCE) is credited with the epicycle
to be accounted for the irregularities. Hipparchus (130 BCE) was
able to explain the solar motion successfully, using the epicycle or
the eccentric models to be accounted for the equation of centre. It
was left to Ptolemy (150 CE) to give a more satisfactory account of
Moon’s motion. In his Almagest, Ptolemy states that he was the first
to establish a theory of planetary motions.

Ptolemy accepts the order of the planets assumed by the ancient
astronomers, namely, Moon, Mercury, Venus, Sun, Mars, Jupiter and
Saturn. All irregularities in the motion of a planet can be accounted
for through combinations of uniform and circular motions. Ptolemy
states that there are two apparent anomalies for each of the five
planets:

(1) the zodiacal anomaly which depends upon the position of the
planet on its ecliptic, and
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(i1) the solar anomaly, which varies according to its position, rela-
tive to the Sun.

Ptolemy gives the mean periods and the synodic periods.
Ptolemy combines the eccentric and epicyclic systems, the former
to be accounted for the zodiacal anomaly, and the later for the solar
anomaly.

Graceo-Arabic astronomy is geocentric. The Earth, a tiny point
comparison with the vast dimensions of the universe at its centre.
The universe consists of thirteen concentric spheres, four terrestrial
and the remaining nine celestial. Of the latter, each of the seven
lower ones is made up of a number of components called eccentric
and epicycles. The eccentrics revolve with uniform circular velocity
round different centres. Each of the seven planets is studded within
an epicycle, which in its turn is fixed is the eccentric. The foundation
of Islamic astronomy was laid in the very beginning of Islam but
properly started from the reign of second Abbasid caliph al-Mansur
(753-774 CE) when the Almajest and the Brahmasputasiddhanta
were translated into Arabic. The tenth century CE was the golden
period of Islamic astronomy. The latter half of the tenth and the first
half of the eleventh century produced four eminent astronomers.
Ibn sina, al-Biruni. Ibn-ul-Haytham and Ibn Yunus. It was in the
beginning of eleventh century that al-Biruni was exiled into India
and he introduced the study of Graeco-Arabic astronomy in India. In
the latter half of eleventh century, the saljuq sultan malik shah built
an observatory to determine the true time of vernal equinox as well
as to reform the calendar.

In the latter half of the fourteenth century the centre of scientific
activities shifted to central Asia. Timur besides being a famous
conqueror, was a great patron of science and this tradition also
continued in his dynasty. His grandson ulugh Beg was a great scholar
of mathematical sciences. He founded the first academy of science
in modern times. Ulugh Beg erected an observatory at samarquand
(1420 CE) under the directorship of Qadi zadeh and Jamshed kashi.
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The findings of the observatory were compiled by Ulugh Beg with
the help of Qushji in what was subsequently called Zij-1 Ulugh Beg.
Zij is a set of a number of astronomical tables proposed directly or
indirectly on the basis of the findings of a particular observatory. In
Indian literature the term Zij seems to have been explained first by
Abul Fadl in his Ain-i-Akabari and later on by Mulla Farid, the court
astronomer of Emperor Shahjahan in his astronomical work Siraj ul-
Istikhraj and Zij-1 shahjahini.

Jianaraja developed his work in this situation. Theoretical as well
as observational data are collected in different parts. Astronomical
instruments are explained in Siddhantasundara nicely and one new
concept is there. Like the other early cultures, Vedic culture was also
noted for its observations of the luminaries of the sky. The Rgveda
speaks an instrument, a quadrant, turiya. There is also view that the
Aitereya Brahmana indicates the earliest use of gnomon in India in
the context of the summer solstice and the visuvat in the middle of
a year. There is no tangible evidence in the Vedas to prove beyond
doubt the observations of gnomonic shadow for determining the
time. However naked eye observations of the movements of the Sun
and the Moon, their rising and setting points, their northward and
southward motions were made continuously by the Vedic priests as
evidence by a statement of the kausitaki Brahmana.

Gnomon: the earliest use of gnomon for the determination of
cardinal points can be found in the description given in the katyayana
Sulbasiitra. This text says, ‘After placing a $anku (gnomon) on
a level ground, and describing a circle with a cord whose length
equal to that of the gnomon, two pins are fixed on each of the two
points where the tip of the gnomon- shadow touches the circle in
the forenoon and afternoon respectively. The line joining these two
points is the east-west line.’

The water instrument or clepsydra has been briefly described in
both the Rgvedic and Yajurvedic recensions of the Vedanga Jyotisa,
in terms of emptying water in a vessel in a time unit of one nadika.
It may be noted that two nadikas constitute one muhtirta. Kautilya’s
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Arthasastra states that, ‘a hole in a jar of four masaka-s of gold made
into four angulas in length with water flowing through it, measures
one adhaka’. Indian astronomers developed and used basically
twelve types of instruments. They were: the gola; bhagana; cakra;
dhanus; ghati; $afiku; Sakata; kartar, pitha; kapala; salaka and yasti.

Lalla says, “No astronomical treatise is complete without a
section on the sphere of the universe, just as the night is not lovely
without the rays of the Moon, no woman without breasts, and
on feast without sweets; the importance of the knowledge of the
armillary” sphere was stressed by Lalla; Jianaraja stressed on water
instrument.

Siddhantasundara is unique for its chapter rturvarnanam, where
the author follows Kalidasa. This poetic feeling has been saturated,
with astronomical concept. In Siddhantasundara, the astronomical
text of late medieval era when the knowledge, is being mixed with
islamic and western culture. After a few years, planetary model has
been changed; geocentric to heliocentric with Copernicus, started
scientific revolution which is considered as the epoch of modern
science.



APPENDIX A:
Astronomical Technical Terms

adhikamasa: A month gained by the lunar reckoning over the
solar. An adhikamasa or intercalary month is a Synodic month; an
intercalation takes place when two lunar months begin in the same
solar month.

Samkramana.- Intercalary month. Kalpadhimasa x completed
solar days — residual adhimasa = solar days x completed adhimasa
(bTjaganitam)

adhyaradhasriccheda: Right-angled triangle
adhva: Distance of a place from the prime meridian

aganitacara: An anonymous work containing a set of astronomi-
cal tables for determining without actual calculations the movements
of the planets with reference to Mars, Mercury, Jupiter and Venus.

agrajya: The Hindu sine of the arc of the horizon in between the
rising point of the Sun and the east point.

aksajya: The term is used for the sine of the latitude
aksa(or) Pala: Latitude (Terrestrial)

aksa Drkkarma: The arc of the ecliptic between the point of inter-
section of the ecliptic with a secondary through the star to the prime
vertical and the point of intersection of the ecliptic with the star’s
declination circle
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aksakarna: The hypotenuse of the gnomonic triangle when it’s
shadow is equal to what is called aisuvat-chaya.

aksavalanam: The angle at the point of the star in between the
declination circle of the star and a secondary to the prime vertical
through the star.

antya: The Hindu sine of an arc of the celestial equator corre-
sponding to Hrti. It is used to signify the point where the Sun rises,
as projected on the equatorial arc. It also shows the measure of half-
day length at given latitude.

antyakarna: to calculate the true place of a planet this term is Tused
for variable hypotenuse ($§ighrakarna).

apakrama: used for the declination of the Sun
Asta:  Setting or heliacal setting.
Ayanabindu: Solstice.

Ayana-Drkkarma: The arc of the ecliptic intercepted between its
point of intersection with the star’s declination circle and the sec-
ondary to the ecliptic through the star.

Ayanamsam: The arc of the ecliptic in between the vernal equinoc-
tial point and the Hindu zero of the ecliptic i.e. the first point of the
zodiacal sign called A$vini.

Ayanavalanam: The angle at the point of a star, between its decli-
nation circle and the secondary to the ecliptic through the star.

Barhaspatyamana: The time taken by Jupiter to reside in a Rasi,
on the average, is called a jovian year. This falls short of a solar year.

Bhdga: A degree.
Capa: Arc.

Carajya: The Hindu sine of the arc intercepted between the east
point and the declination circle of a rising star or planet or the Sun.
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Candra-masa: The time between two consecutive full moons or
New moons.

Chaya or Bha: Shadow cast by the gnomon.
Chayabhuja: The projection of the shadow on the east-west line.

Chayakrana or Bhakarna: The hypotenuse of the gnomonic trian-
gle whose two sides are the gnomon and its shadow.

Chayakoti: The perpendicular from the extremity of a shadow on
the east-west line.

Dhruva: The star near the celestial pole or the celestial pole itself.
Dhruvaka: The celestial longitude.
Dhruva-protavrttam: The declination circle.

Digjya: The Hindu sine of the azimuth measured by the angle
between the prime vertical and the vertical of a star or a planet.

Dorjya or Bhujajya: Hindu sine of celestial longitude.
Drgjva: The Hindu sine of the Zenith distance.
Drg-lambana: Total parallax.

Dvaparayuga: Twice the period of a kaliyuga.

Dyujya: The Hindu cosine of declination or the radius of the celes-
tial equator to be R equal to 3438 units.

Dyujya-vrtta or Ahoratra-vrtta: The diurnal circle of a star or a
planet.

Ghati or Nadi:  An interval of time equal to 24.” (minutes)
Grahana: Eclipse.

Hrti or IstaHrti: The Hindu sine of the arc of the diurnal circle
from a point of the same up to the plane of the horizon.

Kadamba: Pole of the ecliptic.
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Kadamba-protavrtta: A secondary to the ecliptic through a star or
planet.

Kaksamandala: The deferent of a planet or the circle with the
earth as centre and radius equal to 3438 units.

Kala: The Hindu sine in the diurnal circle corresponding to the
Siitra (given bellow).

Kala or Lipta: A minute of angle.
Kaliyuga: The period consisting of 4,32,000 mean solar years.

Kalpa: Dvaparayuga is twice Kaliyuga; Tretayuga thrice and Krta
four times. All these put together constitute a Mahayuga. 71 Maha-
yugas make one Manvantara. 14 Manvantaras with what are called
Sandhi periods on either side equal to a Krtayuga or thousand Maha-
yugas make a Kalpa.

Kramajya: Hindu sine of an angle.
Karna: Half of the duration of a tithi.
Karnagrajya: The Hindu sine Agrajya

Ketu: The diametrically opposite point of Rahu. Rahu also means
the circular section of the earth’s shadow at the moon.

Kranti-Vrttam: Ecliptic.
Ksitija:  The Horizon at a place.

Lagna: The Rasi which rises at any moment or the rising point of
the ecliptic.

Lambana: Parallax in longitude.
Mahayuga: The Sum of four yugas.
Manvantara: A period equal to 71 Mahayugas.

Naksatra: A star. Also the time, this elapses as the longitude of
the moon increases by 13.5 degrees starting from the zero point of
As$vini
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Naksatra-masa: The time taken by the moon to go from A$vini
again to Asvini.

Pata: The point of time when the declinations of the sun and the
moon are equal and of the same sign or the opposite sign. Also it
means the point of intersection of two great circles.

Prdci:  East point.
Pracyapara: East-west line.

Rahu: The point of intersection of the moon’s path with the eclip-
tic (ascending point of the moon’s path). Also it means the circular
section of the earth’s shadow at the moon.

Rasi:  An arc equal to 30 degree (on the ecliptic).
Sanku: Gnomon.

Sankucchaya: The shadow cast by the gnomon.
Saura-masa: The time when the sun occupies one Rasi.

Tithi: The time taken by the elongation of the moon to increase by
12 degree starting from zero.

Trijya: The Hindu sine of three Rasi’s or 90 degree equal to R or
3438 units.

Udaya: Rising or heliacal rising.

Vighatt or Vinadi: One sixtieth of a ghati.
Viksepa: Celestial latitude.
Visuvatbindu: Equinoctial point.
Vsuvat-Vrtta: Celestial equator.

Vrtta or Mandala: A circle.

Yasti: R? -Ayanavalanaja®. Yasti has another meaning namely the
length of the perpendicular from a point on the diurnal circle on the
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plane parallel to the plane of the horizon through the point of inter-
section of the diurnal circle with the unmandala.

Yoga: The time which elapses when the sum of the longitudes of
the sun and the moon to increase by 13°10’3” starting from zero.

Yuti:  Conjunction.
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Critical Apparatus

Manuscripts used for critical apparatus: B1, B2, B3, B4, B5, B6, B7,
Al, A2

B1, B2, B5, B7 start with grahaganitadhyaya

B3, B4, B6 start with goladhyaya

A1l & A2 are incomplete

Section - Grahaganitadhyaya
madhyamadhikara

Verse 1 TSIHAREAH, €, B4 TTORITEAR:
Verse 2 I B3,%/qB4

Verse 3 31gd/ 319d B3 / B4

Verse 4 % /9 B7 A2, wefed /w8 fa BS
Verse 5 Y/ T BS

Verse § g /H1E BS

Verse 9 9 /qH: B7

Verse 10 g% /34 B6, dai/d B4 B7
Verse 12 /5% B6

Verse 14 w@r /@ B2 B3 B7

Verse 15 =0T/ F=mor B2 B3 B5
Verse 16 == /<< B2 B3

Verse 17 viEfsia / wratssia B3 B7
Verse 19 &ref-a /d+da B3 B7

Verse 20 01/ ot A1 B3 BS, @t / Iiwar BS B7
Verse 21 9e=mg / 9=mi B3 BS
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Verse 22 ¥SIEH / qmH BS B7

Verse 23 7=T: /U8t B2 B3 B7

Verse 24 %l /& B2 B3 B3, fawit/ fast B B7

Verse 27 @& /d%: B3 B5 B7, &eqd / iedd B5

Verse 30 ¥tk / 9fth B2

Verse 32 gfdafed / afafea B7

Verse 33 918/ Ii=T B5

Verse 36 dcad/ dearm B7

Verse 40 wrongly numbered B7

Verse 43 €RR / G111 BS

Verse 45 g&=sh / G416 B3 B7

Verse 49 taHd / ug B3, faa B4, / sifera: / sifera / sifear: B7

Verse 52 A& /|19 BS

Verse 55 faea= / faes=a BS

Verse 56 TUTchT / 0%l BS

Verse 58 #qar/ 3aar BS, |t/ 341 B4, &t / 31 BS, & /& B5 701/ 701
B2

Verse 61 T/ HTHT: BT

Verse 62 ™ /IB5

Verse 63 Sfia/sfid BS B3

Verse 64 padas are wrongly numbered BS A2

Verse 66 faenfcrarry / sy B7

Verse 69 71 /7101 /701 BS

Verse 75 3TcTstl / 37cTsHT B3

Verse 77 ST-5HE / T8 91 / HT8 915 B7

Verse 78 wrongly numbered & / & B5

Verse 82 w3/ fafa B3

Verse 84 wrongly numbered B3 /=5 / 5ig B3 /digeh1a: B3 sigshia: B4

Verse 88 wrongly numbered B3, s@lﬁr B2 /9¥%<: BS

Verse 89 numbered as 88 T B4 / 5= B3 / 74w BS

spastadhikara

Verse 1 59+ / SH B4
Verse 2 ATM: /97T B4
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Verse 3
Verse 6

Verse 8

Verse 11
Verse 14
Verse 16

Verse 25
Verse 28
Verse 29
Verse 32
Verse 34
Verse 36
Verse 40
Verse 41
Verse 43

Verse 46
Verse 47
Verse 48

Siddhantasundarah

T / TEF B5 B7

not numbered B4 F4fGT / TafeT / oafem B3 BS B7 uwt / &t
B3

not numbered B4 gc1d: / acid B4

T / T3 BS wAf-HdT / we-Ad BS B7

IPATAT / HASTAT B7 hes2fier / e corrected form

T ITT / I TTRT: between these two words ¥TT: TRT: BS
enclosed

wrongly numbered B4 o= / 99

T T TeT ¥FeT: B3 B4 wfa: i BS %5 $3 BS BS
numbered as 28, ms is not clear T=H / @=TH B5

wiferfsy: / ity B1; ¥ / ¥%d B7; 701 / 70T B1

HIASAT/ ga4sa1 BS B7

qdTgT / 9ar BS; & / 7% BS

wrongly numbered B7; fafssianf / RifsHiefa BS

e HTeh / qieTg B3 fereqd / fereqet BS

hTe: / hTel B3, hiciT: B4; 921/ 9e1 B1; et B3 SHTEdql / ST
B4 B5

wrongly numbered B5; fierert / Beeedt B7 ﬁgﬂ/ﬁr{lﬂ B1
frfeet / 7 ifear BS B7 9/ 9+ BS

3cof /30 BS

tripras§nadhikara

Verse 1
Verse 4
Verse 6
Verse 7
Verse 10
Verse 15

Verse 16
Verse 18
Vese 20

TETEAT / FgTeT B2, framet / famer BS, Sif+a / Stiar Bl
TTarr / 7drd B2 B5

el / el B2

9el / 99 B1, %41 / %59 BS, #usct / HUSet BS
THATY / 9T = B2 B3, @i / @Rfd B3

AT/ 35T B3, @ve / @vel B5 BS. In this verse there exists
some letters probably which are not known to Pingree
T / 19 BS, 3mfe / 31munfe B3

not numbered

not numbered B5 &4 / &
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Verse 21 w1 sht=a B5

Verse 22 3=3<hi / AI&T B3 BS

Verse 23 e /qa1 B2 B3 B4, ufd /ot BS, wi¥r/ wifvra
Verse 25 not numbered B3, a3t / &t B5 B7
Verse 27 et / T B2, uftehed / afishewd BS

Verse 29 ahifesan / shifesat B2 BS, &ife sa1 B7

Verse 30 not numbered B3 B4 314 =1/ 3qT@twi B3
Verse 32 g/ Hd (not correct)

Verse 35 €7H / A9 471 B2

Verse 37 319 HTcTETEH 14 A6+ B3

Verse 38 a1 /70 B3, ¥&ualT / &9 (1) B1, a9t/ 2%ft B3
Verse 41 not numbered B3 B4, gfad / afaar B4 BS
Verse 42 3@ /9 B3, ¥a / ¥fd: BS

parvasambhutyadhikara

Verse 1 T# /T B3, 01/ Tuil: BS, &% / «: BS

Verse 2 feufor: / feqmor B, w=nfa / =ronfa B3, 99: / &8: B3
Verse 4 o/ s B3

Verse 6 &g / W1 B3, Hieat / dverm B3, @/ 731 B3 (incorrect)
Verse 7 1T/ A1 B1, 3f sffergrag-at gefoammem BS

candragrahanadhikara

Verse 1 T8W /U B1 (incorrect), T=8 / I B5

Verse 2 #fd/¥qfd B5 Al

Verse 3 wrongly numbered (F)&&dl / G&al BS

Verse 4 autfu / a9ft wrongly numbered B3, 0 / ston B3 BS, fg /
ffaB1

Verse 6 Ha¥ /399 B3

Verse 8  ¥™Igs / I BS, fowa / g B2A 1, mat / Tt B3 Bl

Verse 10 #lifar/#ftta B4, fagy / f4 BS, 99 / 99 B1

Verse 12 a=1/3R1 B1 B3 ageh / 9o B4

Verse 13 9eHT: / w1 B2 B4 et / F1eT: BS

Verse 14 WSS ST / gt sftar BS B4, Hif¥d / i@ B1 / 3 B3
B5
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Verse 16 ardie / wwerdl B1 7egay / weareh B2, ¥ e / ¥ R B1 et
THd B4 B3

Verse 17 dHHe1 @iat B1 B2

Verse 18 % %hs BS5 T&Ua qadaT:

Verse 19 =4 14 Bl B2 955 g

Verse 20 @ett / w91t / wast B3 fast / f=r B3, feerdt / fearfa(=i) B1 B3,
g | ehg B3 BS, AfSeht / AT€ieht B2, Witk / wieh B3 fear / f
B3

Verse 22 qaTqur / q&wr B1 B3, fort / fefa B3, st / aeie BS

Verse 23 w34 / 93+ B5

Verse 24 903YH W1 I199 BS 99 B2 B4

Verse 25 wedl st/ wedl A1 B4, fomiter / famfts BS

Verse 26 wifesrt B2 BS, @« / @ B2 B4

Verse 27 @I/ N B4, 9t / % B1 9t B2 correct form

Verse 29 #ued / # € (corrupt)B2, @ / W ¢ B2, A& Aed Bl B2,
AT / T Taw B3

Verse 30 STUTET / (J)ITaT / JaTi BS, &ier / € B1, gerd / o1 Bl

Verse 31 &1 shedl BS Al Aegclm™ A qi B5

Verse 32 In B1, both halves of the verse are numbered as 32

Verse 33 numbered as 32 in B2, 35T/ %=1 B2 B5 &% / %< B3

Verse 34 numbered as 33 B2 Tt / =qe1t B5 fawant / foamr B2 B4 A2

Verse 35 wdi=: / wdid: B5 B3 @3i= / @ig B3 B5 @amdr / @@wH! B2 B5
adife / yafdfa B3

Verse 36 a1/ 33T B1 &=t/ gdredt B2

Verse 38 uféma: /qera: B1 BS a@ 1/ amor: B3 A2

Verse 39 31— B4, 51-0¢7 B4

Colophon f fagT=rg-at =euevumesr: i shfgrag-at seuvmteemn:

(other manuscript)

Verse | GO / | () AHeTe B2 =519d / S=5mde B2 e / demma
B4

Verse 2 wrongly numbered BS gyt / gafa BS A2

Verse 4 IEHTERT / HifeHTwR B2 BS A2 7/ 74 BS

Verse 5 dHT: / dMT B2 BS \feehradsh / afeshreds B2
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Verse 7 ¥gdl/ €gal B4 aa / a1t d B2

Verse 9 not numbered, 97/ 3¢ B2

Verse 10 dcaft /@it B1 B3

Verse 11 faewa / faeiad BS B4

Verse 12 itk / itk B2 B4 5wd: / A% BS I8 / T2t B4 @for/ axfor B2
Verse 13 wrongly numbered B4 Tifear / faar BS B2

Verse 15 wrongly numbered B4 {Iﬁ/ {Iﬁ B5

Verse 16 SH /S B2 Ik / Ik BS

stiryagrahanadhikara

Verse | AAfamfcrergatena: / stfaforergatenra: B4
Verse 2 31@g / 311G B2 gAY: / &0 B2 B4
Verse 3 WREEd / Wi&d B2 BS 97/ 9611 B2 B3
Verse 5 HIHTaueT / S{HTgIET B2

Verse 6 & /¥ B2

Verse 7 &1/ e B4

Verse 8§ 3781/ 37181 B2 T8 / T¥T8 B2

Verse 9 & 10 in B2 representation is different
Verse 11 faer/ e B3

Verse not numbered B5 B2, In B3 one folio is not found

<k / sk B2 fearet / feamet B3

naksatracchayadhikara

Verse 2 <=1/ d=[T B2 dcIMd: 934 / dcd1-As B2 B3

Verse 3 3afr 3efd B2 BS faemt / Hiwmar B2

Verse 4  ¢1a=hT / 9T B3 B2 shuaTaed: / shuviadd B2 wrongly writ-
ten B3

Verse 5 not numbered B2 &@T: / §[a1 B2

Verse 6 31T/ 3T, A4 / 379, HexT /@< B2

Verse 8  37aht / 37kt B3 UeiH / 9<7 B2 BS

Verse 9 afe / afarfs B2 9/ 9ifg B2 B3

Verse 10 the second half of the verse is omitted in B2

Verse 11 wrongly numbered
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Verse 12 4 / Aisueh B2 a1 / gosh! B2 %/ F BS
Verse 13 A8 / ¥&18 B5

Verse 14 &Y / &3 B2

Verse 15 af3ms: / af-as B3 B5

Verse 20 wrongly numbered B2 B3
Verse 21 faufa / fa=fa B2 BS

srngonnatyadhikara

Verse | TSTTRT / TSIkt B2 crfefeifer / csrfeifear B2
Verse 2 (incorrect) 317/ 91 B2 B5 not numbered
Verse 3 numbered as 2 JHEER: JHEET (incorrect)
Verse 4 sHASAA / AT B3 B2 (i) fort B2
Verse 7 @RI/ %ur B2 f&d (27) fad BS

Verse 8 wrongly numbered B2 I / BT B2

Verse 10 ¥ehid 4fd B2

Verse 18 =ife 9 / ife gfd B3 B2

In ms B2 number of verses are wrongly numbered and sequence of
verses is not regular manner

patadhyaya

Verse | &S / AT B2 @i / & B2 BS

Verse 2 (H) /() B2 BS

Verse 3 AT B1 B3 B5 omit in B5 Ms

Verse 5 wrongly numbered B2 3ft: / Ifth B3

Verse 6 wrongly numbered B3 3H: / b1 B2

Verse 12 a1 /d1d B3

In different manuscripts number of verse are different.



