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FOREWORD

One of the main objectives of the National Commission for the
Compilation of History of Sciences in India is to publish original texts in
Sanskrit, Arabic, Persian etc. and their translation into English. Texts
like Aryabhatiya with commentaries (3 vols.), Sisyadhivrddhida with comm-
entary (2 vols.), Rasarpava-kalpa and the Sulbasatras of Baudhayana,
Apastamba, Katyiyana and M3inava are some of the prestigious publications
of the Commission in fulfilment of the objectives. The present text,
Vatesvara-siddhanta by Vate§vara, a very important work in astronomy
written towards the beginning of the tenth century, is a new addition to

this series of texts.

The Vatesvara-siddhanta is the lafgest and most comprehensive work
on Indian astronomy and throws full light on the various methods and
processes employed by Indian astronomers up to the tenth century. Besides,
it is sufficiently original and incorporates new methods and techniques
devised by the author himself. It was studied as a standard text in astro-
nomy during the tenth, eleventh and twelfth centuries in India. Some of the
rules and examples of this work were adopted by the celebrated astro-
nomers like Sripati and Bhaskara 11. The works of Vateévara were available

to the great Persian scholar Al-Birini who had referred to Vateévara and
cited several of the rules in his own writings.

The work of editing the Sanskrit text of Vate$vara-siddhanta and trans-
lating it into English was taken up by Dr. K. S. Shukia, retired Professor
of M_athcmatics, Lucknow University, who had earlier edited and translated
ﬂ.le Aryabhatiya for the Commission. Only two manuscripts of Vatesvara-
siddhdnta, both full of errors and omissions, were available. These were

util; ..
1zed for the present edition. Dr. Shukla has rectified the entire text
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filling up the gaps wherever they occurred, and has translated it adding
explanatory and critical notes and comments Where necessary. The text
of the first five chapters of Vate§vara’s Gola (“Spherics’’) occurred in

one of the manuscripts used. This has been appended to the text of the

Vatesvara-siddhanta and its translation is also given.

It is hoped that this publication will prove useful towards a better

understanding of the development of astronomy in medieval times.

S. K. Mukherjee
Vice=Chairman

National Commission for the
Compilation of History of

Sciences in India
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GSS Ganita-sara-sangraha of Mahavira (c. 850 A.D.)
GLa Graha-laghava of Ganesadaivajiia (1520 A.D.)
IJHS _ Indian Journal of History of Science |

JC Jyotis-candrarka of Rudradeva Sarma (1735 A.D.)
KKau Karana-kaustubha of Xysna-daivajiia (1653 A. D.)
KKu Karana-kutihala of Bhaskara 11 (1150 A.D.)

KK Khanda-khadyaka of Brahmagupta

KK (BC)  Khanda-khadyaka, ed. Bina Chatterjee

KPr Karana-prakasa of Brahmadeva (1092 A. D.)

KR Karana-ratna of Deva (689 A.D.)

KT Karana-tilaka of Vijayanandi (966 A. D.)

L Lilavati of Bhaskara 11

LBh Laghu-Bhaskariya of Bhaskara I (629 A.D.)

LG  Lalla’s Gola

LMa Laghu-manasa of Maiijula (Muijala)(932 A.D.)

M Bh Maha- Bhaskariya of Bhﬁsk;lra I

MSi Maha-siddhanta of Aryabhata 1I (c. 950 A.D.)

MuCi Muhirta-cintamani of Ramadaivajfia (1600 A. D.)

PSi Paiica-siddhantika of Varahamihira

RajT Raja-tarargini of Kalhana (1148 A. D.)

SiDa Siddhanta-darpana of Chandra Shekhara Singh (1869 A.D.)
$iDVr  Sisya-dhi-vpddhida of Lalla - ° | -

SiSa Siddhanta-sarvabhauma of Munigvara (1646 A. D.)

SiSe Siddhanta-sekhara of Sripati (1039 A. D.)
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Siddhanta-$iromani of Bhaskara 11
Siddhanta-tilaka of Lalla
Siddhanta-tattva-viveka of Kamalakara (1658 A. D.)
Sarvananda-karana of Govinda Sadashiva Apte
Sumati-maha-tantra of Sumati
Sundara-siddhanta of Jiianaraja (1503 A. D.)
Sarya-siddhdanta

Tantra-sangraha of Nilakantha (c. 1500 A. D.)
Vakya-karana

Vatesvara-siddhanta of Vateévara (904 A. D,)
Vrddha-vasistha-siddhanta.



INTRODUCTION

This volume, issued as Part I of ““Vayesvara-siddhdanta and Gola™, gives
the English translation of the Vatesvara-siddhanta and of the first five
chapters of Vatesvara’s Gola along with explanatory and critical notes and
comments etc.

VATESVARA

Astronomer Vatesvara has been famous as a critic of Brahmagupta.
Although his works were not available to earlier scholars, references to him
and his works were found to occur in the writings of later writers, The
earliest references are found in Rasd’ilul’ Birgni' and Kitab fi Tahqiq ma
Ii’l-Hind? of the Persian scholar Al-Birini (b. 973 A.D.) and in the Sidd-
hanta-sekhara® of the Hindu astronomer Sripati (A.D. 1039). Al-Birini has
quoted some passages from the Karana-sira, another work of Vate§vara
which has not been discovered so far.* According to Al-Birani, Vittesvara
( = Vatedvara) was the son of Mihidatta (=Mahadatta) and a resident of
the city of Nagarapura.® Sripati has mentioned the name of Vate§vara
amongst the first-rate astronomers of Iadia— Aryabhata I, Brahmagupta,
Lalla, Surya and Damodara.® He has also utilized the Vatesvara-siddhanta
in writing his own Siddhanta, the Siddhanta-sekhara.

HIS DATE AND PLACE

In the Vatesvara-siddhanta’, Vate§vara expressly states the year of his

birth and his age at the time of composition of the Vatesvara-siddhanta. He
writes :

r—— ————a e ——— e

1. See Mohammad Saffouri and Adnan Ifram, “Al-Birgni on Transits”, pp. 32, 142,
“Al-BirGni on Transits” is an English translation of the third treatise included in

Ras@ilul’ Birani published by the Osmania Oriental Publications Bureau, Hydera-
bad-Deccan, in 1948.

2. See Al-Birini's India, (English translation of Kitab fi Tahqiq ma 1i’l-Hind by E. C.
Sachau), Vol. I, pp. 156, 392,

3. xviii, 18.

See Al-B‘.ir:'J’ni’s India, Vol. 1, pp. 317, 392; Vol. IL, pp. 54, 60, 79; and * Al-Biriini

z:ig'ranmts » P. 32, Also see Al-Biriini’s “Exhaustive Treatise on Shadows”, ch
i. .

See Al-Biruni’s India, Vol. 1, p. 156.

See Siddhan ra-sekhara, xviii. 18.

Ch. 1, sec. 1, vs. 21.

-
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«When 802 years had elapsed since the commencement of the Saka
era, my birth took place; and when 24 years had passed since my birth,
this (Vatesvara-) siddhanta was written by me by the grace of the heavenly
bodies.”

Obviously, Vate$vara was born in Saka 802 or A.D. 880 and the Vajesvara-
siddhanta was written 24 years later in A, D. 904.

From a passage quoted by Al-Birani from Vate§vara’s Karapa-sara, !
we find that this work adopted the beginning of Saka 821 as the starting
point of calculation. This shows that the Karana-sara was written in Saka
821 or A.D. 899, i.e., five years before the composition of the Vafesvara-

Siddhﬁntq.

In the opening verse of the Vateivara-siddhanta, Vatedvara has called
himself <“son of Mahadatta.” The colophons at the ends of the various
chapters of the Varesvara-siddhanta go a step further and declare him as
being “the son of Bhatta Mahadatta belonging to Anandapura.” This
"shows that Vate§vara was the son of Bhatta Mahadatta and belonged to
the place called Anandapura.

Anandapura has been identified by Sir Alexander Cunningham and
Nundo Lal Dey with the town of Vadnagar in northern Gujarat situated
to the south-east of Sidhpur (lat. 23°-45N, long. 72°-39E).? “Anandapura
or Vadnagara,” writes Dey, “is also called Nagara which is the original
home of the Nigara Brahmanas of Gujarat. Kumarapaila surrounded it with
a rampart. Bhadrabghu Svami, the author of the Kalpa-siitra, composed in
A.D. 411, flourished at the court of Dhruvasena II, King of Gujarat,
whose capital was at this place.”® That Vate§vara’s Anandapura was the

’

—— — . rr— —i. el i e St it

1. See Al-Biriini’s India, Vol. I, p. 392; vol. 11, p. 54,
2. Sce Sir Alexander Cunnnigham, “The Ancient Geography of India,” p. 416; Nundo
Lal Dey, “The Geographical Dictionary of Ancient and Mediaeval India,” p. 6.

On Ahmedabad-Delhi line of the Western Railway, at a distance of 43 miles from
Ahmedabad, there is Mehsana railway station. On Mehsana-Taranga Hill line, at a
distance of 21 miles from Mehsana, lies Vadnagar railway station. The station next to
it is Sidhpur. This Vadnagar, which has been identified with our Anandapura, is the
famous seat of God S$iva, called Hatake$vara, the tutelary deity of the Nagara
Brahmanas who originally belonged to this place. (For further history and religious
importance of this place, see Kalyana, Tirthanka, Year 31, No. 1, pp. 4034 )

There is another place called Barnagar on Ratlam-Indore line, but it is a totally
different place and should not be confused with our Vadnagar.

3, See Nundo Lal Dey, ibid.
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same place as Vagnagar or Nagara is confirmed by the testimony of Al-
Biriani who has written that Vatesvara belonged to the city of Nagarapura,
Nagara and Nagarapura are obviously one and the same.

Anandapura seems to have been a great seat of Sanskrit learning. It
was visited by the Chinese traveller Hiuen Tsiang. Amaraja (c. A D.1200),
who wrote a commentary on the Khanda-khadyaka of Brahmagupta, and
his nephew Mahideva (1264 A.D.), who wrote a commentary on the
Jyotisa-ratna-mala of Sripati, belonged to this place. According to both
these writers, the equinoctial midday shadow at this place was 5 asigulas
and 20 vyangulas and the hypotenuse of the equinoctial midday shadow, 13
angulas and 8 vyangulas which shows that the latitude of Anandapura was
24° north, approximately. The latitude of Vadnagar is also approximately
the same. |

The above identification of Vate§vara’s place viz. Anandapura
‘with Vadnagar in northern Gujarat is further confirmed by Vate§vara’s
own reference to his place in the closing stanza of Section 9 of Chapter 111
of the Vatesvara-siddhinta. In that stanza Vate§vara refers to his local
place and to Dasapura and says that at both these places the distance of
the midday Sun from the Sun’s rising-setting line (viz. the dhyti), at sum-
mer solstice, amounts to :

R X hypotenuse of equinoctial midday shadow
12 ’
where R denotes the radius of the celestial sphere. This is possible only
when the midday Sun at summer solstice is at the zenith, and this happens
if the latitude of the place is equal to the Sun’s greatest declination. This
clearly shows that the latitude of Vatesvara's place of residence (viz.
Anandapura) and also that of Dasapura must have been 24 degrees north,
for, according to Vatesvara, the Sun’s greatcst declination equals 24°,
We have already shown that the latitude of Apnandapura or Vadnagar is
24° north, approximately. The latitude of Dagapura also is 24° north,
approximately, for Dasapura is the same place as modern Mandasore in
Madhya Pradesh.? Its latitude is 24° 3’ north, and longitude 75° 8’ ecast.

1. See Amarija’s commentary on Khanda-khadyaka, iii. 1, Babuaji’s edition, p. 87; and
Bharatiya Jyotisasastra (in Marathi) by S.’B. Dikshit, Second Edition, p. 471.

2. See Mm. Dr. V. V. Mirashi, “Further light on Yasodharman-Visnuvardhana,”
Bharati-Bhanam (“Light of Indology™), V. V.B. 1. S. & I. S., Hoshiarpur (1980, p.
405. Dasapura has been mentioned by astconomer Lalla also. See Lalla’s Go/a. ix. 10.
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Views of other scholars. Ram Swarup Sharma? conjectured that Vate§vara’s
Anandapura was probably the Anandapura of the Panjab. But this has
been rightly refuted by R.N. Rai? on the ground that Anandapura situa-
ted in the Panjab was known as Makhoval before A.D. 1664 when Guru
Tegh Bahadura bought it from the hill states and built a Gurudvara there.
And it is he who named it Anandapura.

R.N. Rai himself,2 on the other hand, expressed the view that Vate-
svara belonged to Kashmir and lived at Nagarapathari, a village situated
in latitude 33°55’ between Srinagar and Punch., He argues : “The evidence
of Karanasara points to the fact that he (Vatesvara) belonged to Kashmir as
he gives the latitude of Kashmir as 34° 9’ which is very nearly the latitude
of Srinagar. Also the name Vateévara is not very common in the rest of
India and we have on the evidence of Rdjatarangini that there was a
Sivalinga of the name of Vate§vara near Srinagar which one of the kings
of Kashmir used to worship daily. Also Al-Birani says that he belonged
to the city of Nigarapura. Now names are liable to change a little during
the course of one thousand years. But there is a village between Srinagar
and Punch of the name of Nagarapathari, of which the latitude is 33°55'.
This latitude is so very close to 34° 9/ that T am tempted to believe that
this was the native place of Vatesvara.”

This view is unacceptable on the ground that the village of Nagara-

pathari in Kashmir was never called Anandapura whereas Vatesvara belon.
ged to Anandapura.

R.N. Rai’s assertion that the name Vateévara is not very common in the
rest of India is not correct, For, we know of two persons called Vate$vara,
one a saint who lived in Maharastra in the thirteenth century and the
other a painter who lived at Lucknow in Uttar Pradesh in the first balf of
the nineteenth century. Similarly, we know of two places bearing the
name Vateivara, one in Uttar Pradesh in the district of Agra and the other
in Bihar between Multanganj and Bhagalpur,

Mention of the latitude of Kashmir in the Karapasdra, according to
Al-Birini, led S.B. Dikshit also to believe that our Vate§vara belonged to

1. See the opening lines of the introduction to his edition of the Vatesvara-siddhanta,
published by Indian Institute of Astronomical and Sanskrit Research, Gurudvara
Road, New Delhi—35, 1962,

2. See R, N, Rai, “Kdaranasara of Vatesvara,” ITHS, vol. 6,no. 1,1971, p. 34.

3. Ihid,
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Kashmir.! But it is not known in what connection the latitude of Kashmir
was mentioned in the Karanasara. Until the Karanasdra is discovered
nothing definite can be said in this regard.

There is, however, no doubt that Vatesvara’s father Mahadatta
belonged to Anandapura or Vadnagar in northern Gujarat and that Vates-
vara wrote his Vateivara-siddhdnta there.

HIS WORKS
Vatesvara wrote at least three works on astronomy, viz.
(1) Karana-sara
(2) Vatesvara-siddhanta

(3) Gola.

The Karana-sara has not survived but it has been mentioned and quoted
at several places in the writings of Al-Birani. The epoch used in this work
shows that it was written in the year 899 A.D. when Vatefvara was only 19

years of age. From the name of this work, it is obvious that it was a karana
work meant for Paiicdrga-makers.

The Vatesvara-siddhanta is evidently a siddhanta. It is the largest of
the Siddhantas available to us. Whereas the Aryabhafiya contains in all 121
verses, the Brahma-sphuta-siddhanta of Brahmagupta (A.D. 628) 1008
verses, the Sisya-dhi-vrddhida of Lalla 322 verses, the Sarya-siddhanta
500 verses, the Siddhanta-sekhara of Sripati 890 verses and the Grahaganita
section of the Siddhanta-§iromani of Bhaskara 1I (1150 A.D.) 460 verses,
the Vateivara-siddhanta (excluding Gola) contains as many as 1326 verses.
As has been already mentioned it was written in A.D. 904 when Vatesvara
was 24 years of age. '

Vate§vara’s Gola has not survived completely. Fragments of the first
five chapters are found towards the end of MS A in highly disturbed
arrangement. These fragments have been collected and arranged, as system-
atically as possible, and appended to Part I of this work. The available five
chapters of this work bear the titles (1) Gola-prasamsa, (2) Chedyaka,

L. See Bharativa Jyotisasastra by S. B, Dikshit, Second Edition (Marathi), p. 313.
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(3) Gola-bandha, (4) Gola-vasana and (5) Bhigola. The contents of these
chapters are strikingly similar to those of the chapters of the same titles

in Lalla’s Gola.

From the colophons occurring at the ends of the various chapters of
the Vatesvara-siddhanta and those occurring at the ends of the available
chapters of Vate§vara’s Gola, it appears that these were two independent
compositions and did not form parts of the same work. The same is seen
to be true in the case of Lalla’s Gola also. For we see that: (1) the colo-
phons occurring at the ends of the various chapters of Lalla’s Gola do not
treat it as forming part of Lalla’s Sisya-dhi-vrddhida, (2) the manuscripts of
the Sisya-dhi-vr ddhida and Lalla’s Gola are found independent of each other,
and (3) Bhaskara II (A.D. 1150) and Mallikarjuna Sari (A.D. 1178) who
wrote commentaries on the Sisya-dhi-vrddhida, have not commented on

Lalla’s Gola.

VATESVARA-SIDDHANTA

The Vateivara-siddhanta reckons the day from sunrise at Lanka and
belongs to the Brahma schoo! of Hindu astronomy. The author commen-
ces the work with obeisance to Brahma. At several places in the work he
mentions the name of Brahma and declares some of the teachings to have
come directly from the mouth of Brahma. He is thus a staunch exponent
of the Brahma school. However, he has not confined himself to the
teachings of Brahma alone. In writing this work he has utilized all the
important works on the subject that existed in his time and has produced
an encyclopaedic work by compiling most of the relevant material contain-
ed in them. Explaining the scope of this work, he himself says :

«This (science of astronomy) was (first) taught by the divine sages
whose excellent intellect was purified by the vast and deep knowledge of
kalakriya (“reckoning with time”), ganita (*‘mathematics’’) and gola (“the
celestial sphere, or spherics™), the subjects of that great science. When we,
ignorant people, consulting their teachings, write on the subject, the credit
is theirs. But to those who by virtue of their own intellect have difference
of views, the yuga prescribed by Brahma does not always lead to equally
correct results. So the essence of the teachings of all the §astras (“texts on
astronomy”’) is being set out, excepting all based on erroneous views.”

The most important works on Hindu astronomy that existed in the
time of Vatesvara were the Aryabhatiya of Aryabhata 1, the Maha-Bhaskar-
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jya and the Laghu-Bhaskariya of Bhaskara 1, the Brahma-sphuja-siddhanta
and the Khanda-khadyaka of Brahmagupta, the Sisya-dhi-vrddhida of Lalla
and the Sirya-siddhanta. Vatesvara consulted all these works and utilized
some of their teachings which he considered correct and adaptable. But
he gave preference to the works of Aryabhata I and his followers Bhaskara
1 and Lalla who were also the exponents of the Brahma school. Lalla seems
to have been his favourite astronomer whom he has followed to a greater
extent. Vate§vara has not only borrowed a number of rules from Lalla’s
Sisya-dhi-vrddhida, but has also copied certain interesting ideas and poetic
fancies from that work. Even the incorrect rules for computing the valana
and drkkarma have been taken from Lalla. It is surprising that Vatedvara
has given preference to these incorrect rules over the corresponding correct
rules given by Brahmagupta. These incorrect rules were later criticised by
Bhaskara II.

Vate$vara was not happy with the way Brahmagupta had criticised
Aryabhata I in his Brahma-sphuta-siddhanta. He took it rather seriously,
and so in a sectionl of the Vayesvara-siddhanta, which he has specially
reserved for this purpose, he has defended Aryabhata I from the criticism
of Brahmagupta and has condemned Brahmagupta and levelled counter-
allegations against him. But he has borrowed some rules and ideas from
Brahmagupta too.

Although Vatesvara has consulted the works of earlier writers and
utilized their contents, it should not be inferred that everything that
Vategvara gives in_the Vateivara-siddhanta is derived from the anterior
works. There is plenty of material in the Vateivara-siddhanta which is ori-
ginal and the production of Vatedvara’s own mind. The general layout of
the work, the arrangement of the contents in the different chapters under
different sections, and the treatment of the topics in a systematic sequence;
fully and exhaustively, that we find in the Vatesvara-siddhanta is Vate§vara’s
own. A major portion of the Vatesvara-siddhanta is the result of Vate§vara’s
own imagination. Quite a large number of rules stated by Vate§vara have no
counterpart in any other work on Hindu astronomy. There is also sufficient
matter which seems to have inspired his successors in the field like Sripati
and Bhaskara I1. For example, Bhaskara 11’s rule for obtaining the lambana
directly, without taking recourse to the method of iteration, is really
Vate§vara’s method which Bhaskara I has borrowed from him without
mentioning his name. The chapter on seasons that occurs in the Siddhdnta-
§iromani of Bhaskara IT was also written probably under the influence of

e —— — e b

1. Sec, 10 of Chap. I. .
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Vatesvara. Quite a few rules and examples ocourring in the Siddhanta-
sek hara of Sripati are either exactly the same or almost the same as those
occurring in the Vatesvara-siddhanta.

CONTENTS OF THE VATESVARA-SIDDHANTA

Vategvara divides the contents of the Vateivara-siddhanta into eight
chapters, which are further subdivided topicwise into a number of sections,
as follows :

Chapter I. Mean Motion

Sec. 1. Revolutions of the planets,

Sec. 2. Time-measures. ‘

Sec. 3. Calculation of the Ahargana.

Sec. 4, Computation of mean planets.

Sec. 5. Suddhi or intercalary fraction, for solar year etc.
Sec. 6. Methods of a karana work.

Sec. 7. Mean planets by the orbital method.

Sec. 8. The longitude correction.

Sec. 9. Examples on Chapter 1.

Sec. 10. Comments on the Siddhanta of Brahmagupta.

Chapter IL. True Motion

Sec. 1, Correction of Sun and Moon.

" Sec. 2. Correction of planets uader the epicyclic theory.
Sec. 3. Correction of planets under the eccentric theory.
Sec. 4. Correction of planets without using the Rsine table.

Sec. 5. Correction of planets by the use of mandaphala and
§ighraphala tables.

Sec. 6. Elements of the Paficanga.
Sec. 7. Examples on Chapter I,

Chapter IIl. Three Problems

Sec. 1. Cardinal directions and equinoctial midday shadow.
Sec. 2. Latitude and colatitude.
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Sec. The Sun’s declination.
Day-radius.
Earthsine.

3
Sec. 4
5

Sec. 6. Agrd or Rsine of amplitude at rising.
7
8
9

Sec.
Sec. Ascensional difference.
Sec. Lagna or rising point of the ecliptic.
Sec. 9. Midday shadow.

Sec. 10. Shadow for the desired time.

Sec. 11. Sun on the prime vertical.

Sec. 12. Sun’s altitude in the corner directions.
Sec. 13. Sun from shadow.

Sec. 14. Graphical representation of shadow.

Sec. 15. Examples on Chapter T1I.
Chapter 1V. Lunar Eclipse.

Chapter V. Solar Eclipse.

Sec. 1. Lambana or parallax in longitude.
Sec. 2. Nati or parallax in latitude.

Sec. 3. Sthityardha and vimardirdha.

Sec. 4. Parilekha or diagram of eclipse.

Sec. 5. Parvajiidna or determination of Parva.
Sec. 6. Computation with lesser tools.

Sec. 7. Examples on Chapters IV and V.

Chapter V1. Heliacal Rising and Setting.

Chapter VII. Elevation of Lunar Horns.

Sec, 1. Diurnal rising and setting of the Moon, Moon’s shadow,
elevation of lunar horns and diagram of lunar horns.

Sec. 2. Examples on chapter VII,
Chapter VIII, Conjunction of Heavenly Bodies.

Sec. 1. Conjunction of tp planets.
Sec- 2. Conjunction of star and planet.
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The division of chapters into small sections earmarked for different
topics is a uniqué feature of this work. No other work is known to have
divided its chapters into sections as done in this work. Bhaskara I1 has
indeed divided the first chapter of his Siddhdnta-$iromani into seven sec-
tions bat he has not done so in the case of the other chapters,

The topics treated under each section are dealt with systemati-
cally, fully and exhaustively. Rules for all possible hypotheses are formula-
ted and each rule is followed by numerous alternatives. In this respect too
this work stands unique and has no parallel except the Sumati-mahatantra
of Sumati which also gives numerous alternative rules. Inclusion of too
many alternative rules has enlarged the bulk of this work so much that this
work is about eleven times as large as the A ryabhatiya of Aryabhata 1.

A set of unsolved examples at the end of every chapter is another
unique feature of this work. The Mahg-Bhaskariya of Bhaskara I, the
Sisya-dhi-vpddhida of Lalla, the Siddhanta-sekhara of Sripati, the Maha-
siddhanta of Aryabhata Ii, the Siddhanta-$iromani of Bhaskara 11, and the
Siddhanta-tattva-viveka of Kamalakara do give a set of examples towards
the end of their works, but no work on Hindu astronomy other than the
Siddhanta of Vate§vara gives a set of examples at the end of every chapter.

LANGUAGE, METRES AND TECHNICAL TERMS ETC.

The language used in the Vatesvara-siddhanta is simple, straightforward
and easily understandable. Obscurities that seem to occur at places are due
to the difficulties of the subject matter.

“The text of the Vajesvara-siddhanta has been garbed in a variety of
metres, the metres used being Anustubh, Arya, Indravajra, Utpalamalika,
Udgiti, Upagiti, Upajati, Upendravajrd, Giti, Tamarasa, Totaka, Dodhaka,
Drutavilambita, Paficakavali, Paiicacamara, Puspitagra, Pramanika, Bhuja-
ngaprayata, Mandakranta, Malabharini (or Vasontamalika), Malini, Ratho-
ddhatd, Rucird (or Prabhavati), Vamsastha, Vasantatilaka, Vahini,
Viyogini, Vaitaliya, Sardilavikridita, Salini, Sikharini, Sragdhara, Svagata,
Harini, and four anonymous metres:l In his Gola (Spherics), Vatesvara
uses the Dandaka metre also.

Of the terms used in the Vatesvara-siddhanta, the following seem to be
new and deserve notice :

1. SeeV, 1. 4; VI, 12, 15; and VII, 1. 3.
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10.
il.

12,
13.
14,

15.
16.
17.

18.
19.
20.

21.
22,
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Technical terms

Alpa-bhiik handa, meaning “smaller segment of bha#” or “smaller
drggati”. For smaller drggati and larger drggati, see p. 459,

Istadhrti, used in the sense of the usual term “isfahrti”.
Khanda, used in the sense of «“one-half”.

Ksiti, used in the sense of «“bhi". See Bhii.
Dyumiidha, used in the sense of ““avamasesa’”.

Drglagna, used in the sense of ‘the planet correoted for
ayanadrkkarma.”’. The usual term is “gyanagraha.”’

Drevilagna. Same as drglagna.

Dhyti, meaning ““istadhrti for the meridian.”. Also used for
istadhrti.

Bheda, used in the sense of ““one-half”.
Bhi, used in the sense of “larger drggati + smaller drggati.”

Bhiiya-bhi-k handa, meaning “larger segment of bhi* or «larger
drggati.”.

Bhiiyasi-drggati. Same as mahati drggati or “larger drggati.”
Mahati-drggati, meaning ‘‘larger drggati.”

Mahat-lambana, meaning “larger lambana” and used in the
sense of ‘“‘lambana calculated from the larger drggati.”

Lag hiyasi drggati, meaning “smaller drggati
Laghu-drggati, meaning “smaller drggati.”

Laghu-lambana, meaning “smaller lambana” and used in the
sense of “/ambana calculated from the ¢‘smaller drggati.”

Svadhyrti meaning “own dhyrii.”
Svalpa-drggati, meaning ¢“smaller drggati.”’

Yuti (“Sum”), used to denote “the sum of the longitudes of the

~Moon and the Moon’s ascending node”, the latter measured

westwards.”

Word-numerals

Kha (‘‘Brahma’), used to denote “1”.

Khaga (~“arrow”’), used to denote 5%,
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23. Pum, used to denote <1,

24. Pranimnagesa (“‘ocean’), used to denote <“4”.
25. Bhuvanyu (*Moon”), used to denote 17,

26. Raviputra (“Yama”), used for “2”

27. Vak (¢Speech™), used to denote “17.

28. Vidhyti (“Dhrti minus 1°), used to denote «17”.

29. Sukha (“the name of the fourth house of the horoscope™), used
to denote “4”.

In a scientific work like the Vate$vara-siddhanta, there is hardly any
scope to indulge into poetic fancies. But Vate§vara has found occasion
to do so. The Sun and the Moon on the full moon day, one lying on the
eastern horizon and the other on the western, appear (o him like “two
huge gold bells (hanging from the two sides) of Indra’s elephant.””? The
first digit of the Moon appears to his eye like «the creeper of the Cupid’s
bow,” and gives to him “the false impression of the beauty of the eyebrows
of a fair-coloured lady with excellent eye-brows.”? The half-phased Moon
looks to him like “the forehead of a lady belonging to the Lata-desa
(northern Gujarat).” And the higher horn of the Moon while rising or
setting appears to him as “bearing the beauty (seen) at the tip of the
Ketaka flower on account of its association with the black bees.”*

SPECIAL FEATURES OF THE VATES VARA-SIDDHANTA

Amongst the special features of the Vafes vara-siddhdnta which deserve
special notice of the historian, mention may be made of the following :

1. Linear measures. (I, 7. I-3)

’

Vategvara defines an anu as a paiticle seen floating in the beam of

sunlight coming into a room through an aperture, and gives the following
table of linear measures: |

8 anus =1 kacagra
8 kacagras = 1 liksa

8 liksas = 1 yaka

A et S e —

1. Chap. VIL, sec. 1, vs. 8.

2. Chap. VI, sec. 1, vs, 51.
3, Chap. VII, sec. 1, vs. 49,
4. Chap. VII, sec. 1, vs. 50.
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8 yakas = 1 yava

8. yavas =. 1. angulg(digit)
12 arigulas = 1 vitasti
2 vitastis = 1 kara (cubit)
4 karas = 1 nr
1006 nys: =1 kroda.

8 krosas = 1 yojana.

The measures from argula to yojana are the same as those given by
Aryabhata I, The smaller measures were not mentioned by him.

A similar table of linear measures is given by Sripati-also, but it differs

from the above one in some cases. Sripati- defines a paramdnu in the
same way as Vatesvara defines an anu, but he gives.

8 paramdnus = 1 renu

8 renus = 1 balagra (kacagra)

8 balagras = 1 likga

4 karas = 1 capa or dhanu (same as nr)
2000 dhanus = 1 kroia

4 krosas = 1 yojana.

2.: Time-measures. (I, 1. 7-9)

Vate§vara defines a fruti as the time taken by a sharp needle to pierce
a petal of a lotus flower, and gives the following table of time-measures :

100 trutis = 1 lgva
100 lavas = 1 nimesa (“twinkling of the eye’’)
41 nimesas

= 1 long syllable
4 longsyllables = 1 kastha

2} kasthas = 1 asu(= 4 seconds)
6 asus = 1 sidereal pala (= 24 seconds)
- 60 palas =

= 1 ghatikd (= 24 minutes)

60 ghatikas = 1 day
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30 days = 1 month
12 months = 1 year.

The measures from asu to year are the same as given by Aryabhata L
The smaller measures not were mentioned by him.

Similar tables have been given by Sripati and Bhaskara II, but accord-
ing to them ' |

100 trutis = 1 tatpard
30 tatpards = 1 nimesa(“twinkling of the eye”).

As regards the larger measures of time, Vate$vara is a follower of
Aryabhata L. Like Aryabhata I, he defines :

4320000 years = 1 yuga
72 yugas = 1 Manu
14 Manus = 1 kalpa.

Thus, like Aryabhata I's kalpa, his kalpa too contains 1008 yugas,
each of 4320000 years. But Vatesvara goes beyond kalpa and defines :

2 kalpas = 1 day-and-night of Brahma
30 day-and-nights of Brahma = 1 month of Brahma
12 months of Brahma = 1 year of Brahma

100 years of Brahma = life-span of Brahma.

The total age of Brahma, according to Vate$vara, thus comes out to
be equal to 72576 x 432 % 107 years.

| Although Vate§vara adopts the same lengths of a kalpa and a yuga as
stated by Aryabhata 1, the beginnings of the current kalpa and the ourrent
yuga according to them are not the same. The ourrent kalpa according to
Vatesvara began on Saturday whereas that according to Aryabhata I, on
Thursday. This is so because Vatesvara’s yuga is 60 days longer than that of
Aryabhata I. The current kalpa of Vate§vara started 27585 days earlier
than that of Aryabhata 1, and 27585 = 5 (mod 7). Similarly, the current
yuga of Vatesvara began on Sunday whereas the same according to Arya-'
bhata 1, 45 days later on Wednesday.
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But this difference is immaterial, because according to all Hindu
astronomers the beginning of the current Kaliyuga occurred on Friday,
February 18, B. C. 3102, at sunrise at Lanka in the beginning of the month
Caitra, Lanka being the hypothetical place where the Hindu prime meridian
(““the meridian of Ujjain’’) intersects the equator. And what has been said
above is in conformity with this.

3. Age of Brahma. (I, 1, 10)

According to Vatesvara, the age of Brahmia in the beginning of the
current kalpa was equal to

8 years of Brahma - 6} months of Brahma
= 6150% 1008 yugas, or 26780544 x 10° years.

It is noteworthy that although Vatesvara, like Puliga and Lalla, is an
exponent of the Brahma school, he differs from both Puliéa and Lalla
in regard to the age of Brahma. For, according to Pulisa, the age of Brah-
m3 in the beginning of the current kalpa

= 8 years of Brahma - 5 months of Brahma < 4 days of Brahma
= 6068 1008 yugas, or 2642347008 X 104 years;

and, according to Lalla, it is
— 8 years of Brahma -+ 6} months of Brahma

= 6150% 1000 yugas, or 26568 x 10° years.

The difference between the views of Vateivara and Lalla is due to the
fact that while Vatesvara, following Aryabhata I, takes a kalpa as consis-
ting of 1008 yugas, Lalla, following the orthodox Hindu tradition, takes a
kalpa as made up of 1000 yugas. But what makes the difference between
the views of Vatesvara and Pulisa is not known.

The view of the Sarya-siddhanta in this respect is totally different.
According to it, half of Brahma’s life (i.., 50 years of Brahma) had passed
in the beginning of the current kalpa: |

Aryabhata I is silent on this point, whereas Sripati and Bhaskara II
have expressed their inability to say anything.

-
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4. Astronomical parameters,

(1) Revolutions of the planets, their apogees and nodes, (I, 1. 11.14,
16-17)

The following table gives the revolutions of the Sun, Moon, and the
planets and stars (in a period of 4320000 years) as stated by Aryabhata I
and Vate$vara :

Revolutions of according to Aryabhata I  according to Vatesvara
Sun 43,20,000 43,20,000
Moon 5,77,53,336 5,71,53,336
Moon’s apogee 4,88,219 . 428211
Moon’s asc. node — 2,32,226 - 2,32,234
Mars 22,96,824 122,96,828
$ighrocca of Mercury 1,79,37,020 1,79,37,056"
Jupiter 3,64,224 | 3,64,220
Sighrocea of Venus 70,22,388 70,22,376
Saturn 1,46,564 1,46,568
Stars 1,58,22,37,500 1,58,22,37,560

The revolutions stated by Vatesvara differ from those given by Arya-
bhata I, but they have been derived from those of Aryabhata I by applying
to them the Bija correction prescribed by Lalla, a notable follower of
Aryabhata 1. 1n addition to the Bija correction, Vate§vara has made some
adjustment to preserve the characteristic features of the revolutions of
Aryabhata I. Thus, the Bija-corrected revolutions of the Moon, the Sighr-
occa of Mercury and Saturn have been increased by 2 so that, like the
revolutions of Aryabhata I, they may become divisible by 4. Similarly, the
revolutions of the Moon’s apogee have been increased by 1 so that they
may become odd and prime to the number of civil days in a yuga, asin
the case of Aryabhata L. See the table below.
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Aryabhata I’s Bija Corrected Adjust¥ ~ Vategvara’s

revolutions  correction revolutions ment revolutions
Sun 43,20,C00 Nil 43,20,000 43,20,C00
Moon 571,53,336 -2 5,77,53,334 + 2 5,77,53,336
Moon’s apogee 4,88,219 — 912 488210 <+1 4,388,211
Moon’s asc.

node —2,32,226 — 768 — 2,32,234 — 2,32,234
Mars 22,96,824 + 3:84  22,96,828 22,96,828
Sighrocca of .

Mercury 1,79,37,020 43360 1,79,37,054 + 2 1,79,37,056
Jupiter 3,64,224 — 376 3,64,220 3,64,220
Sighrocca of

Venus 70,22,388 —12:24  70,22,376 70,22,376
Saturn 1,46,564 4+ 1-6 1,46,566 4+ 2 1,46,568

It is noteworthy that the revised Sirya-siddhanta, which was utilized
by Vijayanandi (A.D.966) in writing his Karana-tilaka and used by
Paramesvara (A. D. 1432) in writing his commentary thereon, gives the
same revolutions as stated by Vate§vara excepting those of Mars and the
Sighrocca of Mercury, in which cases the Sarya-siddhanta gives 4 revolu-
tions more than those given by Vatesvara. See the next table.

Revolutions according to

Kr_yabhata I Vatesvara Sarya-siddhanta
Sun 43,20,000 43,20,000 43,20,000
Moon 5,77,53,336 5,77,53,336 5,71,53,336
Moon’s apogee 4,88,219 4,88,211 4,838,211
Moon asc. node — 2,32,226 = - 2,32,234 — 2,32,234
Mars ‘ 22,96,824 22,96,828 22,96,832

Sighrocca of Mercury 1,79,37,020 1,79,37,056 1,79,37,060
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Jupiter 3,64,224 3,64,220 3,64,220
Sighrocca of Venus  70,22,388 70,22,376 70,22,376
Saturn 1,46,564 1,46,568 1,46,568
Stars 1,58,22,37,500  1,58,22,37,560 1,58,22,37,828

It seems that the redactor of the Sirya-siddhanta has borrowed the
revolutions of the planets from the Vatesvara-siddhanta, adopting those
of the Moon’s apogee, the Moon’s node, Jupiter, the Stghrocca of Venus
and Saturn without any alteration and those of Mars and the Sighrocca of

Mercury after suitable modification.

In the case of the apogees and nodes of the planets, Vatesvara’s revolu-
tions are quite different from those given by the other astronomers as the

following table will show :

Revolutions according to

Brahmagupta Sarya-siddhdnta Vate§vara
(for 432X 107 years) (for 432 x 107 years) (for 72576 x 432
% 107 years)

Apogee of ¢

Sun 480 387 1,65,301
Mars 292 204 81,165
Mercury 332 368 4,77,291
Jupiter 855 900 13,948
Venus 653 535 1,52,842
Saturn 41 39 6,774
Asc. Node of :
Mars —267 —214 —20,684
Mercury —521 —488 —1,62,719
Jupiter —63 —174 —3,802
Venus —893 -903 — 60,895

Saturn —584 —662 —1,542
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Vatesvara has evidently derived the revolutions of the apogees and
ascending nodes of the planets on the basis of his own observations. Using
these revolutions, Vate§vara has calculated the positions of the apogees and

ascending nodes of the planets for the beginning of Kaliyuga. These positions
differ from those given by Aryabhata 1 and other astronomers.

(2) Diameters and distances of the Earth, Sun, Moon and the planets,
(IV, 5. 7 (c-d); VIL, L. 4)..

The diameters of the Earth, Sun and Moon stated by Vatesvara differ
from those given by Aryabhata I, the difference being large in the case of
the Moon’s diameter.

(3) Manda and §ighra epicycles. (11, 1. 52-53)

The manda and $ighra epicycles of the planets, stated by Vatesvara,
are invariable like those given in the old Siarya-siddhinta and Khanpda-k ha-
dyaka, but their dimensions differ from them. They also do not agree with
those given by any other astronomer. Agreement, wherever it occurs, is only
accidental.

(4) Distances for heliacal visibility and inclinations of orbits, (V1. 3-4)

The distances of the planets from the Sun for their heliacal visibility,
given by Vateévara, are exactly the same as those stated by Aryabhata I,
Brahmagupta and Lalla, but the orbital inclinations (to the ecliptic) of the

planets given by Vatesvara do not agree with those stated by any other
astronomer.

5. The zero point of calculation, (I, 3. 1-2; I, 4. 56-62).

The Siddhantas generally take the beginning of creation or the beginn-
ing of the current kalpa as the zero point of calculation. Vate§vara has
deviated from this practice, He has left it at the discretion of his reader to
choose either the time of birth of Brahmi, or the beginning of the current

kalpa, or the beginning of the current yuga, or the beginning of Kaliyuga,
for the epoch of calculation.

6. The Jovian year. (I, 5. 76-95)

The Jovian year seems to have been more popular in the locality where
Vatesvara lived, for he has given undue prominence to it. He has devised
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methods to find suddhi for the beginning of a Jovian year in terms of civil

days and also in terms of lunar days. He has given rules to find the lord of
the Jovian year and the shorter Ahargana reckoned from the beginning of

the Jovian year. He has also stated rules to compute the longitudes of the

planets for the end of a Jovian year.

7. Lords of the 30 degrees of a zodiacal sign. (I, 5. 117-120)

The names of the lords presiding over the thirty degrees of a sign were
first noticed in the Pafica-siddhantikd® of Varzhamihira. But the text of the
Pafica-siddhantikd being faulty, the names given there could not be deciphe-
red correctly. The same names with minor difference appear in the Vates-
vara-siddhanta also. These names have now been correctly deciphered and
it is found that they are the Hinduised names of the gods and angels after
whom the thirty days of the Parsi months are known. The names of the
thirty days of the Parsi months and the Hindu names by which they have
. been called by Varahamihira and Vate§vara are given on p. 113.

8. Value of =. (I, 8. 3)

Vatesvara, following Aryabhata I, gives 7v== and makes use of

392
1250
this value in his calculations. He remarks that this value of 4vis better
than the value s =,/10, which was considered accurate by Brahmagupta.

9. Trigonometrical relations. (Chap. III)

The earlier Hindu astronomers knew the following relations between
the sine, cosine and versed sine functions :

1. Rsin g = Rcos (90°—g), or sin § = cos (90°—p)
Rcos ¢ = Rsin (90°—g), or cos § = sin (90°—9)
2. (Rsin 9)2+ (Rcosg)?=R?, or sin?g+ cos?g = 1
3. Rsin ¢ 4+ Rvers (90°—g)= R, or sin ¢ + vers (90°—¢) = 1

Rcos g 4+ Rversg = R,orcos g4 vers ¢ = 1.

1. i 24-25.
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Therefore, they oould express Rsin # and Rcos ¢ in the following ways :

1. Rsin ¢ = Rcos (90°—¢)

Rcos 4 = Rsin (90°—¢).

2. Rsin § =,/R¥—(Rcos ), or o/(R—Rcos §) (R+ Rcos @).

Rcos § =,/Re—(Rsin )%, or ,/(R—Rsin g) (R+Rsin §).

3. Rsin § =R—Rvers (90°—9)

Rcos § = R—Rvers §.

Vate§vara knew the following relations also :

1. (Rsin g)2+4 (Rvers g)? = 2R. Rvers ¢

~orsin?g 4+ vers2g9 = 2 versg.

2. 2 Rsin ¢. Roos g 4 [Rvers § —Rvers (90°—¢)]2 == R3

or 2sing cos § -+ [vers § — vers (90°—0) = 1.

3. (R+Rsin g). Rvers (90°—¢) =(Rcos g)?

or (1+4sing).vers (90°—g) = cos?,

4. 2Rsing — [Rvers g — Rvers (900—g)]

= o/2R%? — [Rvers g — Rvers (90°— g)}

or 2sing — [vers § — vers (90°—¢)]

= ,/2— [vers g — vers (90° — g)}2

5. (Rcos g+Rsin g)2+ [Rvers § ~ Rvers (90°— ¢)]* =2R?

or (cos §-+sing)? 4 [vers g ~ vers (90°~ ) = 2.



XLIV INTRODUCTION .

Therefore, he has expressed Rsin ¢ and Rcos ¢ in the following new forms
also:

1. Rsing = ,/2R.Rversg — (Rversg)*

Rcos § = ,/2R. Rvers (90°— g) —[Rvers (90°— 9)?

and Rsin g = ,/Rvers g (2R—Rvers g)

Rcos § = ./Rvers (90°— @) [2R— Rvers (90°=¢)]  [lI1, 2. 18]

R? — [Rvers g ~ Rvers (90° — o)1’

2. Rsing = T RG0S §

Reos § = R? — [Rvers 92 r-[-:s ilr{l\;ers (90° — 9)P® (I, 2 19]
3. Rsing = Rvg:%?) = 6

Rcos ¢ = g{j:——:g—a—; — R, [IIL, 2. 17]

4. Rsin g = }[ o/ 2 R2 — [Rvers § ~ Rvers (90° — g)P

-+ [Rvers § — Rvers (90° — ¢)]

i

Rcos § = }[ o/ 2R? — [Rvers § ~ Rvers (90° — §)12

— [Rvers ¢ — Rvers (90° — ¢)]
(111 "2, 20]

5. Rsing = ./ 2R? — [Rvers 9 ~ Rvers (90° — §)]> — Rcos ¢

Rcos § = o/ 2R® — [Rvers § ~ Rvers (90° — g)]* — Rsin ¢.
: 11§, 2, 21]

These expressions do not occur in any earlier work, while Vate§vara has
used them in more than one context.

In the geometry of the celestial sphere, Vatesvara has made new experi-
ments and has employed mathematical artifices to express a formula in a
variety of forms. See, for examp'e, Sec. 9 of Chap. 1II. He has also been
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able to frame some ifigenious rules which were unknown to his predecessors.
For example, he states the following formula for the midday shadow of the
gnomon:

D~RYD+RH
midday shadow of the gnomon = O~ A)§< ) H o P,

where
R = radius of the celestial sphere,

P = midday shadow of the gnomon at an equinox,
H = hypotenuse of the equinoctial midday shadow," .
A = distance of the rising Sun from the east-west line,

and D = distance of the midday Sun from its rising-setting line,
‘ (111, 9. 39]

10. The sine table. (I, 1. 2-30)

The sine tables of the earlier astronomers were generally constructed
. under the assumption that the 24th part of the quadrant of a circle was
straight like a rod and they gave the values of the Rsines and Rversed-
sines for the 24 multiples of 225’ (i. e., 225, 450", 675, ... +..,5400') in terms
of the nearest minutes of arc, So these sine tables were very approximate.
Vate§vara has criticised Brahmagupta for taking the Rsine of the 24th part
of the quadrant as equal to the 24th part of the quadrant itself, but the
Rversed-sine of the same arc as equal to 7'.

To ensure greater accuracy, Vaesvara has constructed his sine table
under the assumption that the 96th part of the quadrant of a circle was
straight like a rod. He has divided the quadrant into 96 parts, each equal
to 56'15”, and has stated the values of the Rsines and the Rversed-sines for
the 96 multiples of 56’15 (i. e., 36'15%, 112'30”,...,5400") correct up to
seconds of arc. His table gives the radius R = 3437'44", Rsin 56'15" = 56’
157, and Rversin 56'15" = 0’ 277, as they should be.

Vateévara has also given a number of short and simple methods to
compute the desired Rsine from his table. '
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11. Second order interpolation. (I, 1. 65-92)
When the Rsine-differences

Af(#) = f(n41)—f(n)=Rsin (n+Dh—Rsin nk, n=1,2, 3,-....
are known, the values of the intermediate Rsines

Rsin (nh-+1), A< h

are obtained by taking recourse te- iaterpolation. The usnal formula of
interpolation, which occurs in almost every work on Hindu astronomy, is

Rsin (nh+A)=Rsin mh+3 A f(n). 1)

This is based on the rule of three and is known as the first order interpo-
lation formula.

Brahmagupta (A. D. 628) was the first Hindu astronomer who gave the
second order interpolation formula :

Rsin (nh+)) = Rsin nk + %[ Afn — 1) + Af(n) -’;rAf(""‘l)N/_\f(n:]

where -+ or — sign is taken according as

NISIE SN

i. e, ’a.ccording as
Afr=D=sAf@m.

This formula of Brahmagupta is now known as Stirling’s formula of
interpolation up to the second order terms. It may be expressed in the
following two forms :

Rsin (nh+)\)= Rsin nh + % A f(n) — ’,_:(% _ 1) AS ("—lz)—Af (n . 3)
and

Rsin (nh4x) =Rsin nh + 3 A f (n—D— %(%4. 1) AS ("—é)-— AT (g
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Pormula (3)is a particular case (up to second order terms) of Newton-
Gauss forward interpolation formula and formula (4) is a particular case (up
to second order terms) of Newton-Gauss backward interpolation formula.

Pormula (3) occurs in Govinda Svami’s commentary on the Mahﬁ-Bhf'z's-
kariya (iv. 2) of Bhaskara I, where it has been prescrited for interpol.atn?g
the value of Rsin (nh+2) when 30° < nh+) < 60°, It occurs again 1n
Parameévara’s commentary (A. D. 1408) on the Laghu-Bhaskariya|il. 2(c-d)-3
(a-b)] of Bhaskara I, where it has been prescribed for interpolating the
value of Rsin (nh+1), irrespective of the value of na+ .

Formula (4) has not been found to occur in any work on Hindu
astronomy, so far. It has now been discovered for the first time in the
Vatesvara-siddhanta, where it has been displayed in a variety of ways. For
details, see chap. II, sec. 1, vss. 65-82.

Conversely, when Rsin (n/41) is given, A can be obtained by solving
(4) as a quadratic equation in A. It is this technique that has been emplo-

yed by Vatesvara. Here also, Vate§vara has expressed A in a number of
ways. See chap. 11, sec. I, vss. 835-92,

12.  Bhujantara correction. (1L, 1. 93-94; 11, 2. 27-28)

The bhujantara ccrrection is the correction for the equation of time

due to the eccentricity of the ecliptic. It was applied to the planets by all
the earlier astronomers and the formula used by them was :

. Sun’ i ’ i 1 .
bhujantara correction= - un’s bhujgphala >2<l 6%1311& s dajly motion mins.

Vate$vara improved this formula and stated it in the form :

.n . Sun’s bhujaphala x planet’s daily motion _ .
bhujantar =
yantara correction 21600 4- Sun’s daily motion muns.

Vate§vara’s formula is better than the earlier one, because in this
formula the Sun’s diurnal motion per day has been taken to be equal to

(21600 4 Sun’s daily motion) minutes of arc

in place of 21600 minutes of arc taken by the earlier astronomers.
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13. The statiohary points of a planet’s orbit. (1I, 5. 9-22).

“Where the thread stretched from the initial point of Capricorn or
Cancer, on the $ighra epicycle, to the centre of the Earth meets the fighra
epicycle, there,” says Vatesvara, ¢lies the centre of the planet when it takes
up direct or retrograde motion.”

Starting with this hypothesis, Vate§vara treats the topio of the station-
ary points of a planet’s orbit systematically and in all its details.

Such a treatment of the stationary points does not occur in any. other

work on Hindu astronomy and forms a unique feature of the Vatesvara-
siddhanta.

14. S‘ighmkendras for the time of heliacal rising. (I 5. 28.29)

The problem of finding the §ighra-kendras of the planets for the
time of their heliacal rising does not occur in the works of Aryabhata I,
Brahmagupta and Bhiskara II. Vate§vara is the only ancient Hindu
astronomer known to us who deals with this problem.

15. Motion of the solstices. [11I, 2. 24(d)-27]

The earlier Hindu astronomers were under the wrong impression that
the solstices were fixed and had no motion. Bhaskara [ criticized the
followers of the Romaka-siddhanta who believed in the motion of the

solstices and put forward the following argument in favour of their
view :

“The sages of ancient times remarked that the winter solstice and the
summer solstice occurred at the beginning of Dhanistha and the middle
of Aglesa (respectively). But now they are seen to occur at the beginnings

of Capricorn and Cancer (respectively). How can it be so unless they
have motion 7"

Brahmagupta, too, criticized Visnucandra for giving the period of the
solstitial motion.

Vate§vara not only believes in the motion of the solstices but also

tells us how to find that motion and apply it to the longitudes of the
planets.
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16. Description of the seasons. (1II, 13. 17-25)

Vategvara is perhaps the earliest Hindu astronomer who has described
the six seasons, giving the characteristic features of each of them, so that
one could infer the quadrant in which the Sun stood at that time. It is
probably the influence of Vatesvara that Bhaskara Il has devoted a
chapter of his Siddhanta-siromani (Goladhydya) to the description of the
seasons. Following Bhaskara II, Jianaraja has also described the scasons
in one of the chapters of his Siddhanta-sundara.

17. Computation of lambana directly, without the iteration process.
(V. 1.27-28 and 32-33) '

There is an ingenious method given by Bhaskara 11 in his Siddhanta-
siromani (I, vi. 8-9) which tells us how to find the lambana directly, without
taking recourse to the process of jteration. This is equivalent to the
methods devised for the purpose by Vate§vara and has indeed been
borrowed by Bhiskara I from Vateévara.

The other peculiarities of the Vateivara-siddhanta are of more techni-
cal nature and need not be mentioned here. They have been pointed out in
the English translation and the interested reader is referred to it,

IMPORTANCE

The greatest importance of the Vateivara-siddhanta is that it hightights
the achievements made by the Hindu astronomers from the sixth century
A.D. right up to the end of the ninth century A. D., and provides a good
document of the astronomical knowledge of the Hindus in the beginning
of the tenth century A.D. This work marks the end of one era and heralds
the beginning of a new era in the history of Hindu astronomy. For soon
z_lfterwards the Calculus began to be employed and certain new refinements
m.the form of new corrections and techniques came to be introduced in
Hindu astronomy, This was done by the Hindu astronomers Maiijula,
Sripati and Aryabhata II who succeeded Vatedvara.

The Vayesvara-siddhdanta, coming between the Sisya-dhi-vrddhida of
Lalla on the one hand, and the Siddhanta-sekhara of Sripati on the
other, also enables us to have a better and more precise assessment of the
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gradual achievements of the Hindu astronomers. We can now make the
following inferences perhaps with definiteness :

(i) Vate$vara was the earliest astronomer who gave the method for
finding the lambana directly, without taking recourse to the pro-
cess of iteration. Bhaskara II borrowed this method from
Vated§vara.

(i) Vat§evara was the earliest Hindu astronomer to give a methema-
tically correct method for finding the motion of the solstices or
equinoxes and applying it to the longitudes of the planets.

(iii) Vatesvara was also the first to give a precise method, depending
on the decrease and increase of the midday shadow, for the
purpose of finding the quadrant of the Sun at any given time. So
for the credit of this was given to Sripati.

(iv) Sripati was the first to introduce the udayantara correction (i.e.;
correction for the equation of time due to the obliquity of the
ecliptic). .

POPULARITY

The Vatesvara-siddhanta due to its bulky size did not prove to be a
suitable text-book for the beginners in astronomy and nobody was tempted
to write a commentary on it. It was studied by more advanced students.
There are reasons to believe that Govinda, son of Vahnika, who lived in
Dauranda, Was a research student working on “the determination of the
Sun’s altitude” (Sankvinayanu). He had made a deep study of the relevant
chapters of the Vatesvara-siddhanta and had made them the background of
his research work. The five chapters written by him, which are found
appended to the Vateivara-siddhanta in MS A, in my opinion, formed his
doctoral dissertation. There can be no other justification for writing those
chapters.

There is also sufficient ground to suppose that Sripati and Bhaskara 11
had studied the Vagesvara-siddhanta and were influenced by some of its
teachings. Sripati has actually referred to Vatesvara as one of the foremost
astronomers. There are certain rules and examples in Sripati’s Siddhanta-
sekhara which are exactly the same or similar to those found in the
Vatesvara-siddhanta. They were probably taken from the Vateivara-siddha-
nta. Bhaskara 11, as already mentioned, has borrowed the method of finding
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the lambana directly, without applying the‘ pl:OCCS? of. ite_ratiog, frbm.
Vate§vara. The chapter on the seasons occurring in his Slddhanta-sfroma,_u
was also probably written under the influence of Vate§vara. The l(.lea of
ayanasandhi.l ocours for the first time in the Vafejvara-siddhanta. 1t is pro-
bable that this idea too was borrowed by Bhaskara II from Vatedvara.

There is evidence to show that the Vatesvara-siddhanta was studied at
places which were far distant from the place where Vate§vara lived.
Sundararija (c. A.D. 1500), who belonged to the Tamil country in South
India, in his commentary on the Vakya-karana mentions Vate§a (=Vates-
vara) along with Aryabhata I, Lalla, and other Hindu astronomers; Quota-
tions from the Vatesvara-siddhanta have been discovered in Maharastra and
Kashmir. Por example, verse 14 of sec. 4, Chap. II, of the Vateivara-
siddhdnta is found to occur in MS No. 6670 of the Khanda-khadyaka
of Brahmagupta, belonging to Anandi$rama, Poona.? Verses 10, 11,
14 and 15 of Sec. 4, Ch. 1L, of the Vatesvara-siddhanta occur in MS
No. 1664 (written in the Sdrada script of Kashmir) of the Akhila Bharatiya
Sanskrit Parisad Library, Lucknow. It may also be added that MS A was
purchased in a village fair at Takiya, near Tirawa in Uttar Pradesh, and
MS. B was acquired from Lahore.

OTHER REFERENCES TO VATESVARA AND HIS SIDDHANTA

References to Vateévara and Vagesvara-siddhanta are found to occur
also in the writings of the scholars hailing from the Andhra State of South
India, viz. Mallikarjuna Siri and Yallaya. Mallikirjuna Suri, in his com-
mentary on the Sirya-siddhanta (xi. 1-6), and Yallaya, in his commentary
on the Laghu-manasa (vi. 1) of Mafjula, ascribes the following four verses
to Vateivara-siddhanta - _

' fawaazres afns: safes Igeaoz! ga: )
Y WA aafy audadsaar wfafs uqn
Rugagatavaadr giafqa qydseran o
et saat i Aseadifireaarsatst nln
grafy yEsat Sq qEeaonreT g W |
ARISZTATAA AT AASTFATRN: U
frvaeafenmfrar fagasem fonfaassa 1
TS REAFTATA, TIEAT JFT TL=L=AT 1200

—_ 1. ghaupg (afearagfas:) |

1. See Chap. II, sec. 6, vss. 16(c-d)-17.
2. See Khanda-khadyaka (edited by Bina Chatterjeey, vol. I, p. 76, footnote.
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These verses do not occur in the Vafesvara-siddhdnta available to us.
But the counterparts of all these verses do occur there, the corresponding
verses of the Vatesvara-siddhanta being :

faguuadr o Frfangdt GeaTHI: |

Harsar g Ardr gUIET Sq@ARI 1

fracgdt safaud gfafaay g qurafam: |

st S afir: wsesdtfreqarsasia u (11, 6. 19-20]
afe qar wwE ar TR gfagie 1

Fraszgaaigy: yawgmrRsaRaria: 1

TIRFT T EAEF A (A THEATIE T |

ArdFaE Weh TaRATEfeRRIErEaT o [II, 6, 29-30]

Yallaya, in his commentary on the Sarya-siddhanta (xi. 1-6) and also
in his commentary on the Laghu-marasa (vi. 1), attributes the following
verse to Vate§vara :

AYIEAY: MAFTEAT: AT
wief gfgeraaa fafesd |

qyay sadiara sgrFafeFral: .
gegmay wwfaay g Fafa

This verse too does not occur in the Vagesvara-siddhanta, but its coun-
terpart does exist there in the form :

usfemerfaamE: Frafafeareg qgd safa |
forRsamael wggegH fasisas o (11, 6. 18]

In case the verses ascribed to Vate§vara or Vatesvara-siddhanta by
Mallikarjuna Sari and Yallaya are really from the pen of our Vatesvara
they must be from his Karapasdra or some other work on astronomy written
by him. It is probable that Vate§vara, like Aryabhata I and Lalla, wrote
two works on astronomy, besides his Karanasara and Gola.
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Yallaya has also made an important statement which shovsrs that .Fhe
special visibility correction (drkkarna-visega) for the Moon which consists
of the evection and the deficit of the Moon’s equation of the centr.e, the
same as stated by Maijula in the Laghu-mdnasa’ too occurred in the
Vateivata-siddhanta. Yallaya has also stated this correction in five verses
composed by himself. These verses were earlier supposed to be composed
by Vatesvara.?

This special visibility correction too does not occur in the Vatesvara-
siddhanta available to us. This too must have occurred in the Karanasara
or some other work on astronomy written by Vatesvara. )

VATESVARA’S GOLA

The Sanskrit text of the first five chapters of Vate§vara’s Gola that have
survived in fragments has been given in Part I of this work. In these
chapters there is no specific mention of Vate§vara, nor the colophons at
their ends mention his name. But the occurrence of these chapters towards
the end of MS A and the mmention, in vs. 24 of ch. 111, of the terms laghu-
bha-khanda, mahad-bhi-khanda, brhad-bhi-khanda and mahat-ku-sakala,
which have been used by Vate§vara only, have led us to believe that the
author of these chapters was Vatesvara.

These chapters do not reveal any significant originality of the author.
The author seems to have formally fulfilled his duty of writing a Gola
besides a Siddhdnta, because the author of a Siddhanta must write on Gola
too. It is found that these chapters of Vatesvara’s Gola are undoubtedly
based on Lalla’s Gola. Most of the verses of these chapters have their
counterparts in Lalla’s Gola and occur in almost the same sequence.
Sometimes the language and words are also the same. The borrowing is
evident. The influence of Bhaskara I and Brahmagupta is also visible in

one or two places. Parallel passages of Lalla’s Gola and other works have
been noted in the footnotes.

The errors comitted by Lalla in his Gola have also been copied. Thus,
following Lalla, Vate§vara says :3

See LMa (Anandasrama edition), iii. 1-2.

See K. S. Shukla “The evection and the deficit of the equation of the centre of the

Moon in Hindu astronomy”, Proc. Benares Math. Soc.,N. S., Vol. V1I, No. 2, Dec.
1945.

3. See VG, iv. 16-17.
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“The sign whose right ascension is equal to its ascensional difference
at a place is always visible at that place, and that sign remains {permanently)
invisible at that place which is at the same declination (southwards) as the
sign (of north declination) which is always visible there.

“Where the latitude amounts to 66 degrees, there the signs Capricorn
and Sagittarius are not visible; and where the latitude amounts to 75

degrees, there the signs Aquarius, Scorpio, Sagittarius and Caprlcom are
always invisible.”

But this is mathematically incorrect and was criticized by Bhaskara II.
The same erroneous statement was made by Sripati too. It seems that the
Pafica-siddhantika, which deals with this topic correctly, was not a popular
work; at least Lalla, Vate§vara and Sripati had not seen it. Otherwise,
they would have saved themselves from this serious etror.

Again, following Lalla, Vatesvara writes :

“When a planet is at the intersection of the kaksydvrtta and mandapra-
tivrtta, its mean motion itself is its true motion.”

Stipati has also said the same, but Bhaskara II has rightly criticised
this statement.

It is noteworthy that Lalla, though a follower of Aryabhata I believes
that the Earth is stationary, but he does not say so specifically. Vateévara
expressly states that the Earth is stationary.

NOTABLE FEATURES

The following features of the five chapters of Vate§vara’s Gola deserve
notice :

1. Two great circles added to Khagola :

Lalla’s Khagola consists of six great cireles only, viz. (1) the prime verti-
cal, (2) the meridian (3,4) the two vertical circles through the intermediate
cardinal points, (5) the horizon, and (6) the six o’clock circle. Vatesvara
adds two more great circles, viz, (7) the vertical circle through the planet
observed and (8) the vertical circle through that point of the ecliptic which
lies three signs behind the horizon-ecliptic point. Bhaskara 11 has followed
Vates$vara in this matter.

1. See VG, ii. 1.
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2. A list of right-angled triangles added :

Unlike Lalla, Vate$vara gives a list of eight right-angled triangles associ-
ated with the armillary sphere, including the declination trian gle, the latitude
triangles, and the lambana triangles. Bhaskara II has also given a list of
declination and latitude triangles.

3. Absence of hypotenuse-proportion in mandakarma and iteration
of mandakarna explained :

Vateivara explains why the hypotenuse is not used in finding the
equation of the centre, why the mandakarna is obtained by the process of
iteration, and also why the process of iteration is employed in deriving the
mean longitude of the Sun or Moon from its true longitude. This was not

done by Lalla.

ENGLISH TRANSLATION

The question of translating technical material written in Sanskrit into
English presents considerable difficulty. It requires thorough knowledge of
both the languages, which few can claim. Effort has been directed towards
giving, as far as possible, a literal version of the text in English. At the
same time care has been taken to ensure that it is clear and easily under-
standable. The portions of the English translation enclosed within brackets
do not occur in the text and have been given in the translation to make it
understandable and are, at places, explanatory. Without these portions,
translation, at these places, might appear meaningless to a reader who
cannot consult the original for lack of knowledge of Sanskrit. Attempt
has been made to keep the spirit of the original and as for as possible the
sequence of the text has been unaltered. Sanskrit technical terms having
no equivalents in English have been given as such in the translation. They
have been explained in the subjoined notes.

Verses dealing with the same rule, have been translated together and
are prefixed by an introductory heading briefly summarising their contents.

The translation is followed by short notes and comments compris-
ing : (1) elucidation of the text where necessary, (2) rationale of the rule
gi\.n?n in the text, (3) illustrative solved examples, where necessary, (4)
critical notes, and (5) other relevant matter, dependieg on the passage
.translated. In doing so vast literature has been consulted and

-
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paralle] passages occurring elsewhere have been noted in the footnotes,
This has been of considerable help in translating the text; without it
quite a number of passages would have remained obscure.

For the convenience of the reader, the chapter-heading has been
mentioned at the top on the left hand page and the section-heading at the
top on the right hand page. The chapter-number and the section-number
are also mentioned at the top.
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Chapter 1
MEAN MOTION

Section 1 : Revolutions of the Planets

HOMAGE AND INTRODUCTION

1. Having paid obeisance to Brahma, the Earth, the Moon,
Mercury, Venus, the Sun, Mars, Jupiter, Saturn, the asterisms, the
teacher, and to parents, I, Vatesvara, son of Mahadatta, very clearly set
out the entire science of astronomy (lit. mathematics pertaining to the
planets and the asterisms) that was promulgated by Brahma.

Homage to Brahmia and reference to Brahma as the promulgator of
the science of astronomy show that Vatesvara was a follower of the Brahma
school of Hindu astronomy.

ACKNOWLEDGEMENT TO DIVINE SAGES AND AIM OF THE WORK

2. This (science of astronomy) was (first) taught by the divine
sages whose excellent intellect was purified by the vast and deep know-
ledge of kalakriya (“reckoning with time™), ganita (“mathematicS”) and
gola (“the celestial sphere, or spherics”), the subjects of that great science.
When we, ignorant people, consulting their teachings, write on the
subject, the credit is theirs.

3. But to those who by virtue of their intellect have a difference of
views, the yuga prescribed by Brabmi does  not always lead to
equally correct results. So the essence of the teachings of all the Sastras

(“texts op astronomy”) is being set out, excepting all based on erroneous
views.

ASTRONOMY—THE EYE OF THE VEDA AND HIGHLY HONOURED SCIENCE

4. 1t is this science (of astronomy) that has been regarded as the
eye of the Veda, for the reasoa that the Vedic sacrifices are performed
at the specified times defined by ayana (“northward or southward course
of the Sun™), season, fithi, parva (“full meon or new moon’’} and day etc.,
and the sacrificial altars, the cardinal points, the fire-pits (meant for
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offering oblation to fire) and the distances involved therein, etc., are to be
correctly known (by the Vedic priests);! and so this science stands highly
honoured amongst the Vedic scholars.

DEFINITION OF SIDDHANTA

5. An astronomical work which describes all measures of time as
well as the determipation of longitudes of the planets, which treats all
mathematics including the theory of the pulveriser, etc.,, and which
correctly states the configurations ard pesitions of the planets, the
asterisms, and the Earth, is verily called a true Riddhdanta (or Siddhanta)
by the distinguished sages.?

CREATION OF ASTER_ISMS AND PLANETS

6. In the beginning (of creation), Brahma created the ever-revoly-
ing circle of asterisms— a net of twinkling stars, fastened to the Pole star
lying in front of the orbits of the planets ranging from Saturn to the
Moon, together with the planets lying at the junction of the signs Pisces
and Aries, lorded over by the Sun and the Moon (the planets by the Sun
and the stars by the Moon).? i

TIME - MEASURES AND CIRCULAR MEASURES.
DURATION OF BRAHMA'S L1IFE

7. The time taken (by a sharp needle) to pierce (a petal of) a
lotus flower is called a ¢rufi;! one hundred times that is called a /gva; one
hunded times that is a nimesa ; four and a half times that is a <“long
syllable” (i. e., time required for pronouncing a long syllable by a healthy
person with a moderate flow of voice); four times that is & kdsthd; and
one half of five times that is an agsu.

1. Cf. SiSi, 1,i(a). 9. According to the Pafca-siddhantika, the reason why the science
of astronomy should be studied by a Brihmana is as follows :
FTTgenfagy: AT TEEy geeaEri |
smafeat wafy gt aqsatsfasrsdas 0 (PSi, iii, 36)
2. Cf. SiSe, i. 3; 8iSi, 1,i(a). 6-8. '
3. Cf. BrSpSi,i. 3; SiSe,i.9; MSi, i.3; SiSi, 1,1 (a). 13-14.
In ancient times, people thought that the stars and planets were attached to the
Pole by means of strings of air, of varying lengths, and as the Pole rotated, the
stars and planets moved and made revolutions around the Earth. See Matsya-
purdna, ch, 124, vss. 2,3, §, 9(a-b).
sregwt asrarorrfagfy:

See Artharva-veda, kando 5, Siakta 24, Mantra 10.
4. FrevrgsarSsTETEr VI RAT |
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form as follows:

——

1.

3

§. Six asus make a sidereal pala; sixty palas make a ghatikas
sixty ghatikas make a day; thirty days make a month; and twe]ve
times that is a year.d The divisions of the circle too have been defined
in the same manner as those of time excepting those up to asu.

9, Solar years amounting to 432 muttiplied by 10000 make a8 yuga;
a period of 72 yugas is called a manu; a period of 14 manus is a kalpa;
a couple of them is a day-and-night of Brahma; and a century of
Brahmai’s own years is stated to be the duration of his life.

The above-mentioned divisions of time may be stated in the tabular

Table 1. The time-divisions

jotus-pricking time = 1 trufi

100 truﬁs = 1 lava

100 lavas = 1 nimega (twinkling of eye)
4} nimesas = 1 longsyliable

4 long syllables = 1 kastha

2} kasthas =

1 asu (respiration) =4 seconds

6 asus — 1 sidereal pala (casaka, vinadi
or vighatikd)

60 palas = 1 ghatika = 24 minutes

60 ghatikds = | day

30 days = 1 month

12 mohths = 1 year

4320000 years = | yuga

72 yugas = 1 manu

14 manus = 1 kalpa

2 kalpas =

= 1 dayofBrahmi (including night)

= 1 month of Brahma

12 months of Brahma = 1 year of Brabma

30 days of Brahmi

—

Similar time-divisions are found to be stated in BrSpSi, i. 5-6; SiSe, i. 11-15; i. 3
(Makkibhatta's comm,) ; SiSi, I, i (a). 16-18.

Also see Skanda-purdana, Nagara-

khanda, ch. 184, vss. 11-26 ; Markandeya-purana , ch. 43, vss. 23-44,
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1 year of Brahmj = T2x14x2x%30%12 yugas
= 725760 yugas
100 years of Brahma = life of Brahmai, or mahdakalpa.

The divisions of a circle may be stated in the tabular form as follows:
Table 2. The circular divisions
60 vikalgs (seconds) = 1 kala or liptd (mihute)
60 kalas (minutes) = 1 bhdga or amia (degree)
30 bhagas (degrees) = 1 rdsi (sign)
12 ragis (signs) = 1 bhagana or cakra (revolution)

This division is evidently similar to that of time from pala to year,

AGE OF BRAHMA IN THE BEGINNING OF THE $AKA ERA

10. Since the birth of Brahma up to thc beginning of the Saka era,
8} years (of Brahma), } month (of Brahmi), 6 manus of the (current) day

(of Brahma), 27% yugas, and 3179 years of the (current) Kali era had
gone by.

There are two theories regarding the age of Brahma. According to one,
50 years of Brahma’s life had elapsed at the beginning of the current kalpa;
and according to the other about eight and a half years of Brahm3 had then
elapsed. The authors of the Sirya-siddhanta' , the Siddhanta-siromani?, the
Markandeya-purana,® and the Visnu-purdna* are the exponents of the
former, and Puli§a,® Lalla,® Sumati,” Vateévara, and the author of the
Skanda-purana,8 the exponents of the latter.

i. 21.
2. L,i(a). 26.
. ch. 43, vss, 43-44,
. Amsa i, ch. 3, vs, 27,

. See Yallaya’s comm. on S;Si, i, 21.

1
2
3
4
5. See Albiruni’s India, Vo, 1, p, 374,
) _
7. See Sumati-mahgtantra, ch. 1.

8

- Nagara-khapda, ch. 184, vss. 22-23 (i) ; ch. 228, vs. 8.
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Seg. 1

According to Va;eévafa: Brahma’s age at the béginning,of the current
kalpa ]
= 83 years of Brahma+ 3% month of Brahma
— 6150 kalpas or 6150 1008 yugas or 6150X 1008 x 4320000

years.
— 26780544000000 years;

Brahma’s age at the beginning of the current Kaliyuga
— 83 years of Brahma + % month of Brahma+ 6 manus +27%
yugas
— 61996593 yugas
= 26782530120000 years;
and Brahma’s age at the beginning of the Saka era
= 83 years of Brahma + } month of Brahma4-6 manus 4 27%
yugas + 3179 years
= 26782530123172 years.

According to Puliga:l
Brahma’s age at the beginning of the current kalpa
« 8 years of Brahma<+ 5 months of Brahma4 4 days of Brahma
= 6068 kalpas or 6068 x 1008 yugas '
= 26423470080000 years.

According to Lalla:?

Brahma’s age at the beginning of the current kalpa
— 83 years of Brahma - } month of Brahma
= 6150 kalpas or 6150x 1600 yugas
= 26568000000000 years.

1. See ABirani's India,Vol. 1, p. 374.

2. See_Yalla-ya’s comm. on SiSi,i.21. In his Siddhanta-tilaka, Lalla is said to have
written : .

T wErEe gf sagerar WAy qIAT 941 A |
AITSHATEN ST NGT AT HETWWE'&Q’E:HHT:(Q?&&G ooo0co000 o) 1l
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According to Sumati ;1

Brahma’s age at the beginning of the current kalpa
= 8 years of Brahmj

According to the Skanda-purgna :2

Brahm3’s age
= 8 years 6 months and 1/4 of a day of Brahma.

REVOLUTIONS OF PLANETS

[ Chap. 1

11.  43,20,000 are stated to be the revolutiens performed in a yuga
by Venus, Mercury, and the Sun and also by the Sighroccas of Saturn,

Jupiter, and Mars,

12-14. The revolutions of the Moon, as stated by the learned, are
5,77,53,336; of Mars, 22,96,828; of Jupiter, 3,64,220; of Saturn,

1,46,568; of the Sighrocca of Mercury, 1,79,37,020 plus

(i.e., 1,79,37,056); of the Sichrocca of Venus, 70,22,376;
~ apogee, 4,88,211; and of the Moon’s node, 2,32,234,

36
of the Moon’s

These revolutions, as suggested by Roger Billard,® were probably
obtained by the application of the Bija correction, prescribed by Lalla,

to the revolutions given by Aryabhata 1. See the table below.

Aryabhata-I's  Bija  Corrected  Actual revolutions
revolutions correction revolutions stated by Vate§vara

Sun 4320000 Nil 4320000
Moon 57753336 —2 37753334
Moon’s

apogee 488219 —9.12 488210
Moon’s node —232226 —7.68 232234
Marg 2296824 +-3.84 2296828
Mercury’s

Sighrocca 17937020 4+33.60 17937054
Jupiter 364224 —3.76 364220
Venus’

Sighrocca 7022388 —12.24 7022376
Saturn 146564 +1.6 146566

4320000
57753336

488211
—232234
2296828

17937056
364220

7022376
146568

1. See Sumati-maha-tantra,ch. 1.
2. See Nagara-khapda, ch. 184, vss. 22.23 : ch. 227, vs. 8,
3. See L’'Astronomie Indienne, Paris (1971}, p. 149.
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Since the revolutions of the Sun, Moon and the planets stated by Arya-
phata-1 were divisible by 4, so,Vatesvara,in order to preserve this chracteristic
feat'ure of Aryabhata-1’s revolutions, increased the Bija-corre(?tefl revolu-
tions of the Moon, Mercury’s Sighrocca and Saturn by 2. Similarly, he
added 1 to the revolutions of the Moon’s apogee to make then.x odd a.nd
prime to the number of civil days isa yuga as in Aryabhata. This explains
the difference of the revolutions of Vate§vara from the Bija-corrected
revolutions of Aryabhata-1.

It is noteworthy that the revolutions stated by Vatesvara are the same
as those given in the revised Sirya-siddhdanta which was utilized by Vijaya-
nandi in writing his Karana-tilaka and found to be stated in Parame§vara’s
version of the Sirya-siddhanta, except in the cases of Mars and the Sighrocea

of Mercury, where the Sarya-siddhanta gives 4 rtevolutions more than
Vate§vara.

It scems that the redactor of the Sirya-siddhanta has borrowed the
revolutions of the planets from the Vatesvara-siddhhdnta, adopting those of

Moon’s apogee, Moon’s node, Jupiter, the Sighrocca of Venus and Saturn

without any alteration and those of Mars and the Sighrocca of Mercury
after suitable modification.

Table 3. Revolutions of the planets in a yuga

Planct Revolutions according to -
Aryabhata-1 Sirya-siddhanta Vateévara
Sun 4320000 4320000 4320000
3 Moon 57753336 57753336 57753336

Moon’s apogee 488219 488211 488211
Moon’s node: —232236 —232234 —-232234
Mars 2296824 2296832 2296828
Mercury’s

Sighrocca 17937020 17937060 17937056
Jupiter 364224 364220 364220
Venus’s

Sighrocca 7022388 7022376 7022376
Saturn 146564 146568 146568
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REVOLUTIONS OF THE SEVEN SAGES (OR STARS OF THE GREAT BEAR)

15. Endowed with the boon acquired from the planets,
the revolutions performed by the Sages in a yuga,

in clear words by
1692.1

I now state
which were pronounced

the lotus-like mouth of the lotus-seated Brahma, as

The stars of the constellation of the Great Bear do not have a motion

relative to the naksarras. So the statement of their revolutions is not correct.

REVOLUTIONS OF PLANETS® APOGEES AND NODES

16-17. During the life of Brahm3, the revolutions performed by the
apogee of the Sun are 1,65,801; of Mars, 81,165; of Jupiter, 13,948; of
Saturn, 6,774; of Mercury, 4,77,291; and of Venus, 1,52,842,

18-19. 98,82,71,45,64,18,719; 19,61,27,64,06,36,895; 20,684; 3,802;
and 1,542 are, in order, the revolutions performed by the nodes of
Mercury, Venus, Mars, Jupiter, and Saturn, daring the life of Brahmai.

NODES OF MERCURY AND VENUS : THEIR ACTUAL REVOLUTIONS

20. 1In the case of Mercury and Venus, it is the remainder obtained
by dividing the revolutions of the planet’s node (stated above) by the
revolutions of the planet’s sighra epicycle (i.e., by the revolutions of the
planet’s $ighra anomaly) that really gives the actual revolutions of the

1. Albirani (India I, p. 392) quotes a rule from Vatesvara’s Karanasara which gives
the method of computing the position of the Great Bear

(called Saptarsi or the
seven sages). This runs as follows : .

“ Multiply the basis (i.., the years elapsed since the beginning of $aka 821)
by 47 and add 68000 to the product. Divide the sum by 10,000, The quotient

represents the zodiacal signs and fractions of them, i.e., the position of the Great
Bear which was sought.”

According to this rule, the Great Bear has a motion of 47 signs per 10,000 years,
which is equivalent to 1692 revolutions per 43,20,000 years, as given above.

The position of the Great Bear in §aka 821 (i.e. Kali

year 4000) was
16925 124000 . 68000 .
W Signs = 1 rev.+4- -——-im— signs,

which accounts for the addition of 68000 in the rule quoted by Albirini from the
Karanasara.
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Janet’s node but the learned (astronomers) declare the sum of the actual
:-)evolutinns of the planet and the revolutions of the planet’s sighra
anomaly as the revolutions of the planet’s node.!

This means that the revolutions of the nodes of Mercury _and Venus
which have been stated in vs. 18 above are not the actual revolut.:ons of the
nodes of Mercury and Venus, but the sum of the actual revolutions of the
nodes of Mercury and Venus and the revolutions of the §ighra anomalies of
those planets. The actual revolutions of the nodes of Mercury and Venus
are 1,62,719 and 60,895 respectively which are the remainders obtained by
dividing the revolutions of the nodes of Mercury and Venus, stated in vs. 18,
by the revolution-numbers of their sighra anomalies, or, what is the same
thing, by subtracting the latter from the former.

Below are given the revolutions of the apogees and nodes of the planets
according to Vate§vara in the tabular form:

Table 4. Revolutions of the apogees and nodes of the planets during
the life of Brahmai (i. e., in 72576000 yugas)

Revolutions of Revolutions of
apogee node
Sun ' 165801 —_
Mars 81165 —20684
Mercury 477291 —162719
Jupiter | 13948 ~3802
Venus 152842 60895
 Saturn 6774 — 1542

It is to be noted that these revolutions of the apogees and nodes of the
planets are not the actual revolutions performed by them in the period of
72576000 yugas. They have been obtained as the least positive integral solu-
tions of the pulverisers formed from their approximate positions for certain

?(nown time. They are far less than their actual values and are of no utility
In astronomical calculations.

———
—— —— e — e

+ Also see SiSi, 11, vi. 23.
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The following table gives the annual motions in longitude of the
apogees and nodes of the planets according to modern astronomy,

Table 5. Annual motions (nirayana) of the apogees and nodes of the
planets

Practical Astronomy Positional Astronomy Centre

by Loomis Calcutta
Apogee of:
Sun +11.24" +11.63"
Mars -+ 15.46" -+ 15,99~
Mercury + 5.81" 4+ 5.73"”
Jupiter -+ 6.65” + 7.72"
Venus — 3.24 + 0.38"
Saturn +19.31" + 22.25”
Node of:
Mars —25.32 —22.524"
Mercury —10.07” — 7.606”
Jupiter —15.90" —13.888”
Venus —20.50" —17.870"
Saturn —19.54" —18.850”

TIME OF AUTHOR’S BIRTH AND AGE AT COMPOSITION OF THIS WORK

21. When 802 years had elapsed since the commencement of the
Saka era, my birth took place; and when 24 years had passed since my

birth, this Siddhanta was written by me by the grace of the heavenly
bodies.

This shows that the author, Vatesvara, was born in 880 A.D. and that

the present work, the Vatesvara-siddhanta, was written in 904 A.D. when
the author had attained the age of 24 years.



Section 2 : Time-measures

SIDEREAL AND CIVIL DAYS, LUNAR MONTH AND SOLAR YEAR,
INTERCALARY MONTHS AND OMITTED DAYS

1. 1,58,22,37,560 is the number of risings of the asterisms in a
yuga. This diminished by the revolutions of a planet gives the number
of risings in the east of that planet (in a yuga). ! The risings of the Sun
are called the terrestrial civil days.

2. The difference between the revolutions of two planets gives the -
number of conjunctions of those two planets (in a yuga). The conjunc-
tions of the Sun and Moon are the lunar (or synodic) months. The revo-
lutions of the Sun are the solar years. The risings of the asterisms stated

above are the sidereal days.

3-4(a-b). The difference between the revolutions of a planet and its
(manda or $ighra) apogee gives the so called revolutions of the (manda
or sighra) epicycle of that planet.? The difference between the lunar and
solar months gives the so called intercalary months. The difference
between the lunar and civil days is called the omitted days.

Table 6. Years, months, an'd days in a yuga

Type of years, etc. Number in a yuga Remark
Solar years 43,20,000 Same as in 4 and SiSi
Solar months 5,18,40,000 ”

Solar days 1,55,52,00,000 »

Lunar months 5,34,33,336 ”

Lunar days 1,60,30,00,080 ”?

Intercalary months 15,93,336 ”

Civil days 1,57,79,17,560 60 more than in 4
Omitted days 2,50,82,250 60 less thanin 4

Cf. SiSe, i. 35.

2. Cf A,iii. 4 (a-b) ; SiSe, i, 42 (c-d).
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DAYS OF MANES, GODS AND DEMONS

4 (b-d). The solar year is called the year of men, and the lunar
month is called the day of the manes (who are supposed to reside on the
opposite side of the Moon). The solar year is also called the day of
the gods (residing at the North Pole) anid the demons (residing at the
South Pole).

JOVIAN YEARS AND VYATIPATAS

5. The product of the revolutions performed by Jupiter by 12 gives
the (elapsed) Jovian years beginning with Vijaya or Ajvina! Two times
the sum of the revolutions performed by the Sun and the Moon gives (the
number of elapsed) Vyatipdtas. ?

A Jovian year is the time taken by Jupiter in passing through one sign
of the zodiac. There are two cycles of Jovian years, one consisting of 12
Jovian years and the other consisting of 60 Jovian yeais. The years of the
12-year cycle bear the same names as the 12 lunar months, but the 12-year
cycle begins with Asvina. The years of the 60-year cycle bear the names
Vijaya etc. (or Prabhava etc.). 3 According to Vatesvara, as also according
to the author of the Sarya-siddhdnta, these oycles started together, the
former with Agvina and the latter with Vijaya, in the beginning of a yuga.
Both the cycles took a new round and started with Agvina and Vijaya
respectively in the beginning of Kaliyuga (i.c.. at sunrise at Lanka on
Friday, February 18, B.C. 3102).

The 60-year cycle of Jupiter is divided into 12 sub-cycles, each consist-
ing of 5 Jovian years. These sub-cycles are called Narayapadi yugas and are
given the following names after their presiding deities : '

1. Narayana or Visnu S. Tvastra 9. Soma

2. Brhaspati 6. Ahirbudhnya - 10. Indragni
3. Indra 7. Piy 11, Agvi

4. Agni 8. Visva (or Visvedeva) 12. Bhaga

See Ratnamald, i. 14; or BrSam, ch. viii. 23.

—— — —

1. Cf. SiSe,i. 43.

2. Cf. BrSpSi, xiii, 41.

3. For the names of the 60 Jovian years of the €0-year cycle, the reader is referred to
my notes on A, lii. 4 (¢-d).
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As regards Vyatipdia, the reader is referred to my edition of the Karana-
ratna or to ch. xi of the Sirya-siddhanta.

UTSARPINI, APASARPINI, SUSAMA, AND DUSSAMA

6. The first half of a yuga is called Utsarpini and the second half
is called Apasarpinika (or Apasarpini). Susama occurs in the middle of a
yuga and Dussama at the beginning and end (i.e., the second and third
quarters of a yuga are called Susama and the first and fourth quarters of
a yuga are called Dussama). (The time elapsed or to elapse is to be
reckoned) from the position of the Moeon’s apogee.

This is exactly what Aryabhata-I has written. For details, the reader is
referred to my notes on A, iii. 9.

CONSTANTS FOR KALPA OF LIFE OF BRAHMA

7. The revolutions etc. , which have been stated above for a yuga,
when multiplied by 1008, correspond to a kalpa, and, when further multi-
plied by 72000, correspond to the life of Brahma.

This is so, because

1 kalpa=1008 yugas

and life of Brabma=72000 kalpas.

See supra, sec. 1, vs. 9.

THE ZERO POINT

8. The cycle of time, commencing with trufi and ecding with the
life of Brahma, was started by Him (i. e. by Brahma) on Saturday, in the
beginning of the light half of Caitra, when the planets, situated on the
horizon of Lanka were at the junction of the signs Pisces and Aries.l

NINE MODES OF TIME-RECKONING

9. The imperishable time is measurcd by sidereal, lunar, solar, civil
Brahma, Jovian, Paternal, divine, and demoniacal reckonings. This is
why (these) nine varieties of time-reckoning have been defined.

—

1. Similar statements are made in BrSpSi, i. 4; MSi, i. 5and SiSi, I, i (a) 15.
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Table 5. Units of nine varieties of time-reckoning

Reckoning Unit used
sidereal } sidereal day : one star-rise to the next
lunar lunar month : one new moon to the next
solar solar year : period of one solar revolution
civil , civil day : one surnrise to the next
Brihma day of Brahmé : period of 2 kalpas or
2016 yugas
Jovian Jovian year : period of Jupiter’s motion
‘ through a sign
paternal day of manes : one lunar month

divine and demoniacal

day of gods and demons : one solar year

USE OF TIME-RECKONINGS

10-11. The knowledge of parva (new moon and full moon days),
avama (omitted days), tithi, karana, and adhimdsa (intercalary month) is
acquired on the basis of lunar reckonming. The sixty (Jovian) years,
Prabhava etc., and the yugas, Niriyana etc.,! — the knowledge
of these is acquired on the basis of the Jovian reckoning. The
Pitr-yajiia (i.e., sacrificial rites pertaining to the deceased ancestors) is
performed on the basis of the paternal reckoning. On the basis of the
Brahma, divine and demoniacal reckonings are determined the life-spans
(and other sub-measures) of the lives of Brahma, gods ard demons.

12-13. The study of the Vedas, duties specified under niyama,? (rites
performed to get over) the impurities caused by birth or death, the sacri-
ficial rites, penance, medical treatment, hora (=hour), muhirta (=a
period of 2 ghatis), and yima (= prahara, or a period equal to one-
eighth of a day), atonement of sin, fast, duration of man’s life, and

1.

See supra, vs. 5, notes.

R, wyatasar qay qra eqrerrngeafarg:

FAFMATQ 9 19 F g9 877 1)
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departure and return are based on the civil reckoning The seasons, north-
ward and southward courses of the Sun, equinoxes, years, and yuga
as well as the increase and decrease of day are ascertained on the basis
of the solar reckoning.

14. Computation of sines and determinations pertaining to the
revolutions of the Moon are performed on the basis of the sidereal
reckoning. On the same are also based the nomenclatures of the months,
years, and days, as well as the knowledge of good and bad consequences.!

For more details regarding the uses of the various time-reckonings, the

reader is referred to Bhaskara-1's commentary on A4, 1ii. 5,

1.

Also see BrSpSi, mdandadhydya, xxiii. vss. 1-6.



Section 3 : Calculation of the Ahargana

METHOD 1. GENERAL METHOD

1-2. Multiply the years elapsed since the birth of Brahma, or since
the beginning of the current Kalpa, or since the beginning of the current
yuga, by 12 ; (to the preduct) add the number of lunar menths (clapsed .
since the beginning of the light half of Caitra); multiply (the sum) by 30;
(to the product) add the number of lunar days (elapsed since the beginn-
ing of the current lunar month); and set down the result at two places.
At one place, multiply that by the number of intercalary months (in a
yuga) and divide the product by the number of solar days (in a yuga).
Add the days corresponding to the resulting intercalary months to the
result at the other place; and write down the sum at two places. At one
place, multiply that by the number of omitted days (in a yuga) and divide
the product by the number of lunar days (in a yuga). By the resulting omitted
days, diminish the result at the other place: the result thus obtained is the
Ahargana. This being divided by seven and the remainder counted from
Saturn, Saturn, or Sun (respectively), (depending on whether the epoch
chosen is the birth of Brahmi, the beginning of the current kalpa, or the
beginning of the current yuga), gives the lord of the current day.l

The rationale of this rule is similar to that given in my notes on MBh,
i. 4-6. The interested reader is referred to it. 1t must, however, be noted
that, according to Vate§vara, the birth of Brahma took place on Saturday,
the present kalpa commenced on Saturday, the current yuga commenced
on Sunday, and the current Kaliyuga commenced on Friday.

According to Aryabhata-1, the current kalpa commenced on Thursday,
and the current yuga commenced on Wednesday. This difference is due to
the difference in the number of civil days in a yuga according to the two

authors.

METHOD 2. SHORTER METHOD
(without using intercalary months and omitted days)

3. Multiply the number of solar months elapsed (since the epoch
‘chosen)? by the number of lunar days (in a yuga) and divide the product

|. Samemethod occursin SiDVr.i. 12-14; SiSe, ii. 1-2(a-b); SiSi, 1, i(c). 1-3.
2. What is meant is : the number of solar years slapsed since the epoch multiplied by
12, plus the number of lunar months elapsed since the beginning of Caitra.
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by the number of solar days (in a yuga) ; multiply the resulting qnot.ient
(denoting the lunar months elapsed since the epoch) by 30 and tf’ fhe
sum obtained add the number of lunar days elapsed (since the beginning
of the current lunar month). Then multiply that by the number of civil
days (in 2 yuga) and divide the product by the number of lunar d.ays

' (in a yugo) : the quotient thus arrived at, or that increased by one, gives
the Aharganal

When the final quotient being divided by seven and the remainder
counted as directed in the previous rule one obtains the lord of the
current day, the final quotient itself is the Ahargana. In case one obtains
the lord of the preceding day, the final quotient increased by one is the
Ahargana ; and in case one obtains the lord of the succeeding day, the
final quotient diminished by one is the Ahargana.

It would have been simpler if the number of solar months elapsed
(since the epoch chosen) was multiplied by the number of lunar months
in a yuga and the resulting product divided by the number of solar
months in a yuga, as done by Brahmagupta, Aryabhata I1, and Sripati.

METHOD 3. WHEN ADHIMASA-SESA 18 KNOWN

4. Multiply the number of solar days elapsed (since the epoch
chosen)? by the number of civil days ina yuga; (then) diminish (the
product) by 30 times the residue of the intercalary months (adhimdsa-
jesa) ; and (then) divide (the remainder) by the number of solar days

in a yuga. The quotient thus obtained, or that increased by one, gives
the Ahargana.

That is, .

Ahargana = solar days elapsed x civil days i_n a yuga—30x adhimdsasesa
: solar days 1n a yuga '

1. Cf BrSpSi, xiii. 18; $iDVr, i. 15-16; (abraded numbers are used here) ; MSi, xvii,
19-20(a-b); SiSe, ii. 3. A similar rule occurs in SiSe, ii. 6-7. Also see the
problem set in SiSe, xx. 3 (a-b).

2. What is meant is : the number of solar years elapsed since the epoch multiplied by

12, then increased by the number of Iunar moaths elapsed since the beginning of

Caitra, then multiplied by 30, and then increased by the number of lunar days
elapsed since the beginning of the current lunar month.
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METHOD 4. ANOTHER SHORTER METHOD

5. Multiply the number of solar days elapsed (since the epoch
chosen) by the difference between the intercalary and omitted days (in 2
yuga) and divide the product by the number of solar days (in a yuga).
Add the resulting quotient to the number of solar days elapsed (since
the epoch) : this sum, or this sum increased by one, is the Ahargana.

The rationale of this rule is as follows :
Since

civil days in a yuga=lunar days in a yuga—omitted days in a yuga
and

lunar days in a yuga=solar days in a yuga

+intercalary days in a yuga,
therefore
civil days in a yuga=solar days in a yuga+ (intercalary days in

a yuga—omitted days in a yuga).

Multiplying both sides by the number of solar days elapsed (since the
epoch) and dividing by the number of solar days in a yuga, we obtain

Ahargana =solar days elapsed 4

solar days elapsed x (intercalary days in a yuga—omitted days ina yuga)

+ solar days in a yuga

METHOD 5. WHEN ADHIMASASESA AND AVAMASESA ARE KNOWN

6. (At one place) multiply the residue of the intercalary months
(adhikaiesa) by the number of civil days (in a yuga) and (at another
place) multiply the residue of the omitted days (avamajlesa) by the
number of intercalary months (in a yuga). Take the sum of these and
divide that sum by the number of lunar days (in a yuga): thenis
obtained the corrected residue of the intercalary months.

7(a-b) Then multiply the number of civil days (in a yuga) by the
number of intercalary months elapsed ; to the product add the corrected
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residue of the intercalary months ; and divide the resuiting sum by the
pumber of intercalary months (in a yuga). The quotient thus obtained

is the Ahargana.!

Let A be the Ahargarna. Also let C, L, O, and I denote the numbers
of civil days, lunar days, omitted days, and intercalary months in 8

yuga. Then

Ax O

= omitted days elapsed + -29—.

where R, is the residue of the omitted days.

ﬁx—oc—,_—R‘—’ = omitted days elapsed

’15%—'_—139 + A =A+omitted days elapsed

= lunar days elapsed

or A(O+CC)"R° =lunar days elapsed
or éf%_—& =lunar days elapsed

] AxL—Roxi_lunar days elapsed X I
" C L™ L

= intercalary months elapsed + %’: '
where R; is the residue of the intercalary months.

Ax L= intercalary months elapsedx L , Riy | R,
c i trte

p intercalary months elapsed x C+ RiX Ct R, x1I
e = I

—

1. Same rule occurs in BrSpSi, xiii. 15-16 and MSi, xvil. 28-29.
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METHOD 6. WHEN OMITTED DAYS ELAPSED INCLUDING
THE RESIDUAL FRACTION ARE KNOWN

7 (c-d). Or, divide the product of the omitted days, including the
residual fraction, elapsed (since the epoch) and the number of civil days

ys (in a yuga) : the quotient
obtained is the Ahargapa.l

METHOD 7. WHEN SUN AND MOON ARE KNOWN

8. Multiply the solar days elapsed (since the epoch) by the revolu-
tions of the Moon and divide the product by the number of solar
days in a yuga : the result is the (mean) longitude of the Moon in terms
of revolutions etc. Subtract 13 times the Sun’s (mean) longitude from
the Moon’s (mean) longitude, Reduce the difference te signs ; halve
them and then multiply by 5; and then increase the product by the

namber of solar years elapsed (since the epoch). Then are obtained
the suddhi days.

9. Multiply the solar days elapsed (since the epoch) by the number
of risings of the asterisms (in a yuga) and divide the product by the
number of solar days in a yuga. Diminish the quotient by the iuddh;
stated above: the result, or the result increased by one, is the Ahargana,

Let S, denote the number of solar days elapsed since the epoch.

Also let § and C denote respectively the numbers of solar and civil days in

a yuga.
Then
Cx S, - C L
Ahargana = = g —total adhimasa fraction in civil days

(risings of asterisms— Sun’s revolutions) x S,
= °.

—total adhimasa fraction in civil days

__ (risings o; asterisms) x S, solar years elapsed

—total adhimasa fraction in civil days (1)

Same rule occurs in BrSpSi, xiii. 17: SiSe. ii. 86.
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But (sec infra, notes on vs. 10 of sec. 4)

total adhimasa fraction in solar (or civil) days

__(Moon’s longitude—13 x Sun’s longitude) in degrees

12

__(Moon’s long. —13x Sun’s long.) in signs x 30
o 12

_ (Moon’s long,—13x Sun’s long.)in signsx 5 @)
= 5 .

Hence from (1), we have

Ahargana = (risings ofgastensms)x Se suddhi,

where
suddhi = solar years elapsed 4

4 (Moon’s long.— 13 x Sun’s long.) in signs x 5.
2

This Ahargana might differ by one day. Hence the instruction for
the addition of 1 in the rule.

Note. In the above rule, Vatesvara has called the sum of the adhimdsa
fraction and the solar years elapsed by the term suddhi. In fact, the

_adhimdsa fraction itself is known as juddhi. In what follows, we shall
use the term suddhi in the sense of the adhimasa fraction.

METHOD 8. ALTERNATIVE METHOD

10. Or, the Ahargana may be obtained from the difference of

the risings of the asterisms (in a yuga) and the Sun’s revolutions
(I & yuga), in the manner stated above.

That is, the dhargana may be obtained from either of the following
formulae :

(risings of asterismé— Sun'’s revolutions) x S,

(1) Ahargana= —30 x adhimdsasesa

S
(vide Method 3)
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(risings of asterisms —Sun’s revolutions) x S,
S

(2) Ahargana =

— total adhimasasesa in civil days,

where total adhimdsajesa in civil days is obtained by formula (2) of the
previous rule.

LORD OF THE SOLAR YEAR

10(d)-11. Multiply the solar years elapsed (since the epoch) by
66389 and divide by 6000 : (the quotient gives the intercalary days
elapsed). When this quotient is divided by 30, the remainder obtained
gives the suddhi in terms of days. From these days counted from the
first day of the light half of Caitra, one may obtain the lord of the
(mean) solar year.

The number of intercalary days in one solar year is equal to

1593336 x 30
4320000

66389 .
6000

—

Hence the above rule.

The suddhi days lic between the first day of Caitra and the first day
of the mean solar year following it. So the lord of the first day of the
mean solar year may be easily obtained by counting from the lord of the
first day of Caitra. By ‘the lord of the (mean) solar year’ in the text is
meant ‘the lord of the first day of the mean solar year’.

METHOD 9. : WHEN SUDDHI 1S KNOWN

12-13. Maultiply the solar years elapsed (since the epoch) by
189313 and divide the product by 36000. Diminish the quotient by
the $uddhi, then add the (lunar) days elapsed since the beginning of the
light half of Caitra, then subtract the (corresponding) omitted days, and
then add the (solar) days corresponding to the solar years elapsed (since
the epoch). Then is obtained the Ahargana.

The number of civil days in one solar year is :

1577917560
4320000
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131493130
360000

189313

Hence the above rule.

METHOD 10 : AHARGANA FOR THE END OF MEAN SOLAR YFAR

14. Or, multiply the number of solar years elapsed (since the
epoch) by 9313 and divide the product by 36000 ; then add the quotient

to 365 times the number of solar years elapsed (since the epoch) : the
result is the Ahargana (for the end of the solar year).!

The number of civil days in one solar year is :

Hence the above rule.

METHOD 11 : ALTERNATIVE METHOD

15. Or, multiply the solar years elapsed (since the epoch) by
45313 and divide the product by 36000 ; then add the quotient to 364

times the solar years elapsed (since the epoch) : the result is the
Ahargana (for the end of the solar year).

The number of civil days in one solar vear is :

B 360004-9313
= 364 + 6000
gge 4533

36000 °

Hence the above rule.

e e et s

1.

Cf SiSe. i, 4.
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SHORTER AHARGANA

16 (a-b). When the product of the solar years elapsed (since the

epoch) and 364 is not added (in the previous rule), the result is the
shorter Ahargana.

NO END TO METHODS

16 (c-d). Thus, by hundreds of methods, one may determine the
larger and the shorter Ahargana.

AHARGANA SINCE BRAHMA'’S BIRTH

17-19. In the beginning of the current day of Brahmai, (i.e., in the

beginning of the current kalpa), the Ahargana reckoned from the birth
of Brahmi) amounted to

6199200 x (number of civil days in a yuga) ;

in the beginning of Krtayuga, (i e., in the beginning of the current yuga),
it increased by

459 x (number of civil days in a yuga);
and in the beginning of the current Kaliyuga, it further increased by
2 X (number of civil days in a yuga).

The sum of these was, thus, the Ahargana at the beginning of Kaliyuga
since the birth of Brahmi. In other words, it amounted to

24798639 civil dazs in a yuga

or to 9,78.25,51,98,55,50,210 civil days.

This Ahargana for the beginning of Kaliyuga, when added to the days

elapsed since the beginning of Kaliyuga, gives the Ahargana for the
desired day (since the birth of Brahma).

The above rule follows from the facts that according to Vatesvara :

(1) 6150 kalpas or 6150 1008 (=6199200) yugas elapsed at the
beginning of the current kal/pa, since the birth of Brahmsj ;

{2) 6 manus and 27 yugas (=459 yugas) elapsed at the beginning of
the current yuga, since the beginning of the current kalpa ;
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E) 3 yugas elapsed at the begipning of the current Kaliyuga, since
the beginning of the current yuga ; and

@ a t;)ta] of 61996593 (=24798639[4) yugas elapsed at the beginning
of the current Kaliyuga, since the birth of Brahma.

Also see supra, sec. 1, vs. 10,

LORD OF CURRENT DAY BY BACKWARD COUNTING

20. Subtract the Ahargana calculated since the birth of Brahmai,
or since the beginning of the current kalpa, or since the beginning of
the current yuga, or since the beginning of the current Kaliyuga, from
seven times the number of civil days in the life-span of Brahma, or in a
kalpa, or in a yuga, or in Kaliyuga, (respectively); and divide the
difference thus obtained by seven. The residue of the division, being

counted backwards from Saturn, Satern, Sun, or Venus, respectively,
gives the lord of the current day. '

Since the number of civil daysin the life-span of Brahmi and also
those in a kalpa are already multiples of 7, it is not necessary to multiply
them by 7. But since the number of civil days in a yuga and the number
of civil days in Kaliyuga are not multiples of 7, it is necessary to multiply
them by 7 so that they may become multiples of 7.

LUNAR AND SOLAR AHARGANA

First Method

21. (Set down the Ahargana in two places, one below the other).
In the lower place, multiply it by the omitted days (in a yuga) and divide
by the civil days (in a yuga) ; and then add the resulting (omitted) days

to the 4hargana at the upper place. The result obtained is the lunar
Ahargana.

Set down the lunar Ahargana in two places, one below the other.
In the lower place, multiply it by the intercalary days (in a yuga) and
divide by the lunar days (in a yuga) ; and then subtract the resulting

il{tercalary days from the lunar Ahargapa at the upper place: this
gives the solar Ahargana.

The Junar Ahargana means “the number of lunar days elapsed since

the epoch” and the solar Ahargana means ‘“the number of solar days
elapsed since the epoch”.
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Second Method

22. Or, the omitted days elapsed (since the epoch) and the Iumar
Ahargana being respectively increased and diminished by their difterence
give the omitted days elapsed (since the epoch) and the lunar Ahargana
(in the reverse order).

Similarly, the intercalary months elapsed (since the epoch) and the
solar Ahargana being subtracted from their sum yield the solar Ahargana
and the intercalary months elapsed (since the epoch), respectively.

That is,

(1) lunar Ahargana=omitted days elapsed+ (lunar Ahargapa—omitted
days elapsed).

and omitted days elapsed =Iunar Ahargana—-(lunar Ahargana—omitted
days elapsed).

(2) solar Ahargana=(solar Ahargapa+intercalary months elapsed)
~— intercalary months elapsed,

and intercalary months elapsed = (solar Ahargana+intercalary months
elapsed)~solar Ahargana.

For other methods on the topic, see BrSpSi, xifi, 12-13 and 14,

OTHER METHODS FOR THE AHARGANA
First Method

23-24.  Set down the solar days (elapsed since the epoch in three
places). (In the third place) multiply by 271 and divide by 40,50,000 ;
and then subtract (the quotient from the solar days written in the second
place). Divide the remainder by 976 and multiply by 30. (This gives
the number of 'intercalary days elapsed since the epoch) Add this (to
the solar days written in the first place). Multiply the sum (thus
obtained) by 11 and set down the resulting product in two places (one
above the other). Divide the quantity in the upper place by 16,51,030 ;
and add the quotient to the quantity in the lower place. Divide this
sum by 703. (This gives the number of omitted days elapsed since the
epoch). Subtracting this (from the lunar days elapsed since the epoch),
we obtain the civil days elapsed (since the epoch).
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The number of intercalary days corresponding to one solar day is :

1593336 % 30
4320000 x 360

= —3

30 1593336 x 976
= g7 * 4320000 x 360

30 7y 271
=9 76[ — 74050000 ’

and the number of omitted days corresponding to one lunar day is :

25082520
“1603000080

—
—

11 703 % 25082520
703 > 11 x 1603000080

_L 1 lﬁ_., rox
703 [ + 1651030 ]app" :

{ 1
= 703 [“"" 1651030 ]app“’x'

Hence the above rule.

Second Method

24-26. Or, set down the solar months elapsed (since the epoch) in
two places. In ome place, multiply them by 66389 and divide the
product by 2160000 ; and then add the resulting intercalary months to
the elapsed solar months set down at the other place. Multiply the sum
by 30 and to the product add the number of lunar days elapsed since the
beginning of the current lunar month. Put down the result in two places.
In one place, multiply that by 209021 and divide the product by the
number of lunar days ina yuga as divided by 120. By the resulting
omitted lunar days diminish the result placed in the other place. The
result thus obtained is the Ahargana.

This rule follows from the facts that :

(1) The number of intercalary months in one solar month is :

1593336
= 4320000 % 12
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66389
2160000 °

s
p—l

(2) The number of omitted days in one lunar dayis:

B 25082520
~ 1603000080

209021
= 1603000080120 -

Third Method

27. Or, multiply the solar years elapsed (since the epoch) by
1,31,49,313 and divide the product by 36,000. The quotient increased
by the number of days elapsed since the vernal equinox gives the
Ahargana.

The number of civil days in one solar year is equal to

1577917560 ot 13149313
4320000 36000 °

Hence the above rule.



Section 4 : Computation of Mean Planets

1, GENERAL METHOD

1. Multiply the Ahargana by the revolution-number (of the planet)
and divide (the product) by the number of civil days (in a yuga) : then
is obtained, in revolutions etc., the (mean) longitude of the planet at
(mean) sunrise at Lanka.! In the case of the apogees and ascending
nodes of the planets (other than the Moon), the (mean) longitude is

obtained by taking the number of civil days in the life span of Brahma
as diviser.

In the case of the apogees and ascending nodes of the planets other
than the Moon, the number of civil days in the life span of Brahma is
taken as the divisor because their revolution-numbers are stated for that
period. See supra, sec. 1, vss. 16-19.

In the rest of this chapter, the term longitude will be used in the sense

of mean longitude. The other quantities used are also mean, although
the word mean has not been used with them.

2. MEAN PLANETS FROM SHORTER AHARGANA
(1) Sun

2-3(a-b). Subtract the years elapsed (since the epoch) from the
shorter Ahargana ; then multiply by the Sun’s revolutions in a yuga ; then
subtract 11,17,560 as multiplied by the revolutions performed by the Sun

(since the epoch); and then divide by 13,14,93,130: the result is the
longitude of the Sun in signs etc.

Let Y be the number of years elapsed (since the epoch). Then Sun’s

. A ’ ion-
longitude — harga,gzgg Sun’s | revolution-number cevs
civil days 1o a yuga '

(364 Y+ shorter Ahargana)x (Sun’s rev.-no.)
1577917560 revs., (1)

because Ahargana = 364 Y + shorter Ahargana. (See supra, sec. 3, vs. 15)

1. Cf. BrspSi i. 321 SiDVr, i 17(ab) ; SiSe, ii. 145 SiSi, 1, i (c). 4.
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_ 364Y+ shorter Ahargana) x (Sun’s rev-no.) revs
1577917560 )
(364 Y+shorter Ahargana)x (Sun’s rev-no.)
1577917560 —Yrevs, (2

subtracting ¥ revolutions performed by the Sun in Y years

[365Y+ (shorter Ahargana—Y) ] X (Sun’s rev-no.) Y] %
1577917560

% 12, signs

_ (shorter Ahargapa—Y ) x(Sun’s rev-no.)—1117560Y siens
131493130 gas.

It is to be noted that the subtraction of Y revolutions in step (2)
above is meant to get rid of the complete revolutions and to get the Sun’s.
longitude in terms of signs, etc. The complete revolutions, being super-

fluous, are discarded and the longitude of a planet is always expressed
" in signs, etc.

(ii) Moon

3 (c-d)-4. Multiply (the shorter Ahargana) by the Moon’s revolu-
tions in a yuga; then add 50,92,86,024 times the years elapsed (since the
epoch); then divide by the number of civil days (in a yuga) : the result

increased by 13 times the solar years elapsed gives the Moon’s (mean)
longitude.

Let Y be the number of mean solar years elapsed since the epoch.

Then Moon’s longitude = Ahargana X (Moon's revolutions ina yuga)
civil days 1n a yuga

(364 Y4-shorter Ahargana) x (Moon s revolutions in a yuga)
civil days in a yuga

[364x 57753336 Y-+ shorter Aharganax Moon’s revs. ina yuga
civil days in a yuga

--13Y] +13Y
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shorter Aharganax Moon’s revs. in a yuga+-

+ (364 x 577533}6—13x 1577917560)Y +13Y
civil days in a yuga

i

shorter AharganaxMoon’s TEVS. in a yuga+ 509286024Y +13Y.
= civil days in a yuga

(iii) Planets, Mars etc.

5.6. Assuming 364 as the Ahargana, multiply it by the revolution-
number of the desired planet and divide the product by the civil days
(in a ywuga): multiply whatever is obtained as the remainder by the
solar years elapsed and add that product to the product of the
shorter Ahargana and the revolution-number of the planet. Divide that
(sum) by the number of civil days (in a yuga). To whatever is obtained,
add the (complete) revolutions obtained from the assumed Ahargana

after multiplying them by the years elapsed. The resuit is the longitude
of the planet in terms of revolutions etc.

Let Y be the number of years elapsed. Then

i ’s rev-number
Planet’s longitude = Aharga_f_za X Pl.anet s rev-numb
' civil days in a yuga

(364Y +shorter Ahargana)x Planet’s rev-number
civil days in a yuga

S—

364 x Planet’s rev-number
civil days in a yuga

shorter Aharganax Planet’s rev-number
civil days in a yuga

Let

364 x Planet’s rev-number 4 r
civil days in a yuga civildays m a yuga °’

Then

Planet’s longitude=RY + shorter Aha: 15; ‘;;“21 :;,skil:‘: ;urgZV-number +rY ‘

By “the revolution-number of a planet’” is meant “the number of revo
lutions performed by a planct in a yuga.”
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3. ONE PLANET FROM ANOTHER

7. The longitude of the (given) planet, in terms of revolutions
etc., multiplied by the revolutions of the desired planet and divided by
its own revolutions, gives the longitude of the desired planet in terms

" of revolutions etc.!

From the civil days (in a yuga), in the same way, may be obtained
the Ahargana. :

- That is,

(1) longitude of desired planet

(2) Ahargana =

Rev-no. of desired planet x long. of given planet in revs. etc.
rev-no. of given planet

-_

civil days in a yuga x long. of given planet in revs. etc.
rev-no. of given planet

4, SUN AND MOON WITHOUT USING AHARGANA
(1) Sun and Moon from Avamasesa and Adhimdsasesa

First Method

8-9. Multiply the intercalary months in a yuga by the Avamasesa
and divide by the civil days (in a yuga). Add the quotient obtained to
the Adhimdsasesa and divide that sum by the lunar months (in a yuga) :
the result thus obtained is (the total Adhimdsa fraction) in terms of
days etc. )

Now add the days etc. obtained by dividing the Avamasesa by the
civil days (in a yuga) to the months, days, etc. that have elapsed (since
the beginning of Caitra) of the current year, and set down the result in
two places. In one place, keep it as it is and in the other place multiply
it by 13 ; diminish both of them by the result (in days etc.) due to the
(total) Adhimasa fraction : then (treating the months, days, etc. as
signs, degrees, etc.) are obtained the longitudes of the Sun and the

Moon respectively.?

1.

2.

Cf. BrSpSi, xiii.27; SiDVr,i. 26; MSi, xvii, 2; SiSe, ii. 26; also 25; SiSi, I,
i (¢). 14 (c-d).

Similar rules are found to occur in BrSpSi, xiii. 20-22; KK (BC), i. 11-12; SiSe,
ii, 21-21; SiSi, I i (c). 6-7. Also see the problem set in $iSe, xx, 3 (¢-d).



Sec. 4 | MEAN PLANETS 33

The following is the rationale of this rule :
The fraction of the intercalary month (i.e., Adhimasa fraction)

= Mﬁfﬂ—— , in solar months. 1)
funar days in a yuga
The fraction of the omitted day (i.e., 4vama fraction)

_ __Avamasesa , in lunar days. (2)
civil days in a yuga

The fraction of the intercalary month due to (2)

_ Avamasesa intercalary months in a yuga 3
— civil days ina yuga lunar days in a yuga )

- The total fraction of the intercalary month (i.c., total Adhimasa

fraction)

o Avamasesa x intercalary months in a yuga
Adhimasasesa + sega X Mt ry ¢ a yug
civil days in a yuga -,
lunar months 1n a yuga

4

which is obtained in solar days.

Suppose that m lunar months and 4 lunar days have elapsed since
the beginning of Caitra. Then m months and ddays denote the time
elapsed since the beginning of Caitra up to the beginning of the current

lunar day. As (2) is the interval, in lunar days, between the beginning of
~ the current lunar day and sunrise on that day, therefore

m months 4+ dJdays + (2)

denotes the time in (unar months, lunar days, etc., elapsed since the
beginning of Caitra up to sunrise on the current lunar day. Likewise

m months 4- ddays + (2) — (4)

(.1enotes the time in solar months, solar days, etc., elapsed since the beginn-
ing of the mean solar year up to sunrise on the current lunar day.

Let M, D, G and V denote respectively the solar months, solar days,

sollar ghatis and solar vighais, clapsed since the beginning of the current
Solar year up to sunrise on the current lupar day. Then evidently

-
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Sun’s longitude= M signs + D degrees 4 G minutes - ¥ seconds
=[ (msigns and d degrees) + degrees etc.

corresponding to (2)] — [degrees ete. corresponding
to (4)]

and

Moon’s longitude = 13 [m signs + d degrees + degrees efc.

correspording to (2)] — [degrees etc. corresponding
to (4)],

because

Moon’s longitude—Sun’s longitude
e

= msigns + d degrees +

4+ degrees corresponding to (2)-

Corollary 1 : A deduced rule

10. Multiply the result (i.e., days etc., treated as degrees etc.) due
to the (total) Adhimasa fraction by 12 ; then subtract that from the
degrees of the Moon’s longitude ; and then divide that by 13 ; the result
thus obtained is the Sun’s longitude. The Sun’s longitude multiplied
by 13 and increased by 12 times the result due to the (total) Adhimdsa
fraction gives the Moon’s longitude.

From the rule stated in vss. 8-9, we have

Moon’s longitude =13 (m signs+ d degrees-degrees etc. corresponding
to Avama fraction)~—(degrees etc. corresponding to
total Adhimdsa fraction) 4y

and

13 % Sun’s longitude = 13 (m signs + d degrees + degrees €tc. corres-
ponding to Avama fraction) — 13 (degrees etc.
corresponding to total Adhimasa fraction). (2)

Subtracting (2) from (1), we get

Moon’s longitude — 13 x Sun’s longitude = 12 (degrees €tC. corres-
ponding to total Adhimdsa fraction).

Hence the above tule.
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Corollary 2 : Another deduced rule

11. Add the result (in lunar days etc.) due to the Avama fraetion
to the lunar days elapsed (since Caitra) and multiply the resulting sum
by 12 : the resulting lunar days etc. are to be treated as degrees etc.
The Moon’s longitude diminished by them gives the Sun’s longitude and
the Sun’s longitude increased by them gives the Moon’s longitude.!

Let § denote the number of lunar days elapsed since the beginning of
Caitra. Then, from the rule stated in vss. 8-9, we have

Moon’s longitude = 13 (3 degrees+degrees etc. corresponding to
Avama fraction)— (degrees etc. corresponding to
total Adhimasa fraction)

and

Sun’s longitude = § degrees - degrees €tc. corresponding to Avama
fraction — degrees etc. corresponding to total
Adhimasa fraction.

Therefore

Moon’s longitude—Sun’s longitude=12 (3 degrees+degrees -etc.
corresponding to Avama fraction).

Hence the above rule.

Alternative rationale.

Tithi at sunrise=number of tithis elapsed 4+ Avamasesa

civil days in a yuga

Moon’s longitude at sunrise—Sun’s
Also tithi at sunrise = longitude at sunrise

12

Therefore

Moon’s longitude — Sun’s longitude=12 (5 degrees--degrees etc.
corresponding to Avama fraction),
as before. |

—

L. Cf. KK (BQ), 1, i. 9; MSi, xvii. 27; SiSe, ii. 20, also ii. 44.
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SUN AND MOON FROM AVAMASESA AND ADHIMASASESA
Second Method

12-13. Or, (severally) multiply the Avamasesa as divided by the
lunar days (in a yuga), by the daily motions of the Sun and the Moon:
the- results are the minutes (of the longitudes of the Sun and the Moon).
The months and days (elapsed since the beginning of Caitra) are the
signs and degrees of the Sun’s longitude whereas those multiplied by 13
are the signs and degrees of the Moon’s longitude. The degrees etc.
obtained from the Adhimdsasesa as divided by the lunar months (in 2
yuga) are to be deducted from both of them (i.e., from the degrees of
the Sun’s longitude as also from the degrees of the Moon’s longitude).
Then are obtained the longitudes of the Sun and the Moon.?

This rule follows from the rationale of vss. 8-9.
The fraction of the omitted lunar day

Avamasesa
lunar days in a yuga

, civil days. 1y

The fraction of the intercalary month

Adhimasasesa

= "lunar months in a yuga ° solar days. (2

Let m months and d days have elapsed since the beginning of Caitra.
Then
‘Sun’s longitude = m signs and d degrees 4 Sun’s motion corres-

ponding to (1)— degrees etc. equivalent to solar
days etc. of (2),

and

Moon’s longitude = I3m signs and 134 degrees-+Moon’s motion
corresponding to (1) — degrees etc. equivalent
to solar days ete. of (2).

Aryabhata 1I gives the following formulae for the longitudes of the
Sun and the Moon for the beginning of the current lunar day :

1. A similar rule is stated in SiDVr. i. 21-22.
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Sun’s longitude = {no. of tithis elapsed since Caijtradi —

Adhimasasesa

_ . Adumaesti® 4 degrees
funar months n a yuga } &

and

Moon’s longitude = {13>< (no. of tithis elapsed since Caitradi) —

Adhimasasesa
Tunar months In a yuga

} degrees,
See MSi, xvii. 16-17(a-b). Also see SiSi, I, i (c). 7.

Corollary 1 : Sun’s and Moon’s motions for Avama fraction

14. The minutes of the Sun’s motion corresponding to the Avama
fraction! may be obtained by dividing 12 times the Avamasesa by 13
times the omitted days in a yuga; and those of the Moon’s motion
corresponding to the Avama fraction, by dividing 334 times the
Avamasesa by 27 times the omitted days in a yuga.®

Since

Sun’s daily motion x omitted days in a yuga 598" x 11
lunar days in a yuga = 703

approx.

12 :
=T minutes, approx.

and

Moon’s daily motion x omitted days in a yuga _ 790'35"% 11 -
lunar days iz a yuga —wg3—  aPproX.

334 :
=g minutes, approx.

1. Avama fraction= Avamadesa
lunar days in a yuga °

2. Cf SiDVr.i.21-22. Lalla takes (1—1[12) (1 +25(2) in place of 334/27.
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therefore

Sun’s daily motion = 12 lupar days N 3 yuga minutes
13 x omitted days in a yuga

and

. g . 334 lunar days in a yuga .
Moon’s daily motion = 77 omitted days Tna Juga minutes.
Now Arvama fraction = Avamasesa

" civil days.
lunar days in a yuga °’ Y
. Sun’s motion corresponding to Avama fraction

12 % Avamasesa minutes
13 x omitted days in a yuga ’

and

Moon’s motion corresponding to Avamaq fraction

_ 334x Avamasesa inutes
~ 27xomitted days in a yuga FnULes.

Hence the above rule.

Corollary 2 : Alternative formulae for the same

15. Or, divide the Avamasesa (severally) by 2,71,08231 and
20,27,617 : the results are the minutes of the Sun’s and Moon’s motions
corresponding to the Avama fraction, respectively.?

Apply these to the signs and degrees, equal to the months and days
elapsed (since the beginning of Caitra, in the manner stated above in

vss, 12-13).
Since

Sun’s daily motion _ 59'8”
lunar daysin a2 yuga ~ 1603000080

1 .
= m minutes,

b Cf. MSi, xvii. 18; $i$i, 1,1 (c). 6
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and

Moon’s daily motion __ 790/35"
“lunar days in a yuga 1603000080

1

= 3537617 minutes.

lunar days in a yuga

~ Sun’s daily motion= 27108231

minutes.

and

lunar days in a yuga

Moon’s daily motion= 2027617

minutes.

) Avamasesa
Now Avama fraction = — —_
lunar days in a yuga

civil days.

»~~ Sun’s motion corresponding to Avama fraction

_ Avamasesa minutes
~ 27108231 ’

and

Moon’s motion corresponding to Avama fraction

. Avamas’e;._g_q minutes
= 5027617 mvuies.

Hence the above rule.

(2) SUN AND MOON FROM AVAMASESA

First Method

16. Multiply the Sun’s minutes (i.e., the minutes of the Sun’s
motion corresponding to the Avama fraction) by 62 and divide by 5 :
add it to degrees equal to 12 times the (elapsed) tithis. Subtract the
result from the Moon’s loagitude : this gives the Sun’s longitude. The
same result added to the Sun’s longitude gives the Moon’s longitude.

The rationale of this rule is as follows :

Moon’s daily motion = 790’ 35~
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Sun’s daily motion = 59’ 8”
motion-difference of Sun and Moon = 731’ 27"

motion-difference of Sun and Moon corresponding to Sun’s
minutes

_ Sun’s minutesx 731’27
- 59'8"

Sun’s minutes x (5x 731'27")
5% 598"

Sun’s minutes x 62 .
= 5 minutes.

Let M and S be the Moon’s and Sun’s longitudes at sunrise on the
day in question. Then

M-S ... Sun’s minutes x 62 _ .
7 = (tithis elapsed) degrees+ 5312 minutes.

M—S=12x (tithis elapsed) degrees- 62 Sunss minutes mins.

s S=M- { (12 X tithis elapsed) degrees 62% Sun SS minutes minutes }

and

M=5+ { (12 X tithis elapsed) degrees+62 X Sun ssmlnutes minutes } .

§ripati gives the following formulae : !

S=M-— { (12X tithis elapsed) degrees+

(motion-diff. of Sun and Moon)x 4vamasesa . }
- : — mins.
lunar days in a yuga

and

1. See SiSe, ii. 23.
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M=S+ { (12 x tithis elapsed) degrees +

(motion-diff. of Sun and Moon)X Avamasesa _ . }
. mins.
lunar days in a yuga
Second Method

17. Diminish 3/40th fraction of the Moon’s minutes (i.e., the
minutes of the Moon’s motion corresponding to the Avama fraction)
from themselves, and add whatever is obtained to degrees equivalent
to 12 times the tithis elapsed. The resulting quantity added to the Sun’s
longitude gives the Moon’s longitude ; and the same quantity subtracted
from the Moon’s longitude gives the Sun’s longitude.

As shown above
motion-difference of Sun.and Moon = 731’'27".

Therefore,

motion-difference of Sun and Moon corresponding to Moon’s minutes

__Moon’s minutes X 731'27"

79035
= Moon’s minutes (1-—— —%’—8,—237)
= Moon’s minutes (1—- —4%- ., minutes,

Let M and S be the longitudes of the Moon and the Sun at sunrise on
the day in question. Then, as before, ’

M-S g Moon’s minutes 3 .
—a— = (lif —_—— :
i (tithis elapsed) degrees - 3 (1 30 ) mins

Therefore

M=S+ { (12 x tithis elapsed) degrees+ Moon’s minutes( 1- _4%) }
and

S=M— { (12 X tithis elapsed) degrees+Moon’s minutes(l— %) },

the second term within the curly brackets being in minutes.
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Third Method

18. Divide 103 times the Avamasesa by 9 times the omitted lunar days
(in a yuga) and add the resulting minutes to degrees equal to 12 times the
elapsed tithis. The resulting quantity added to the Sun’s longitude gives the
Moon’s longitude, and the same quantity subtracted from the Moon’s longi-

tude gives the Sun’s longitude,

From vs. 14 we have that :

Sun’s minutes (i.¢., the minutes of the Sun’s motlon corresponding to
the Avama fraction)

12 % Avamasesa
= 13X omitted daysin a yuga’

Therefore, from vs. 16,

Moon’s longitude = Sun’s longitude +{ (12 x tithis elapsed) degrees

62 x Sun’s minutes .
3 minutes }

=Sun’s longitude -+ { (12 X tithis elapsed) degrees

i 62 12 x Avamasesa }
13X 5 omitted days in a yuga_

= Sun’s longitude + {(le tithis elapsed) degrees
103 X Avamasesa

T g% omitted days in a yuga ‘oimutes }
Likewise

Sun’s longitude = Moon’s longitude — {(12 X tithis elapsed) degrees

+ 103 x Avamasesa ¢
9 x omitted days n a yuga ;g minutes }

Fourth Method

19. The Sun’s longitude when increased by the kaldvivara, i. e., the
minutes obtained by dividing the Avamasesa by 2191537, and also by
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the degrees equal to 12 times the tithis elapsed, becomes the Moon’s
longitude; and the Moon’s longitude when diminished by the same amount

becomes the Sun’s longitude.!

The term kaldvivara means “the minutes of the difference between
he Sun’s and Moon’s motion corresponding to the Avama fraction”.

The rationale of the rule is as follows :

Rationale 1. Since motion-difference of the Sun and Moon corres-
yonding to the Avama fraction

__ AvamaSesa x 131’ 27"
" lunar days in a yuga

Avamasesa

= 5191537 or kalgvivara,

because  (lunar days in a yuga)|731'27" = 1603000080{73127"
= 96180004800/43887
= 2191537 approx.

therefore, as before,
Moon’s longitude = Sun’s longitude + {(12 X tithis elapsed) degrees

Avamasesa

-+ 2791537 minutes },

and

Sun’s longitude =Moon’s longitude — {(12>< tithis elapsed) degrees

Avamasesa

-} 2191537 mlnutes} .

Rationale 2, Tithi corresponding to the Avama fraction

Avamasesa lunar days in a yuga
lunar days in a yuga X Givil days In a yuga

1. Cf. SiSe,ii.23; $iSi, 1, i(c). 5. Rules similar to those stated in vss. 18 and 19
occur also in SiDVy, i. 34,
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Avamasesa
civil days in a yuga

__ Avamasesa
1577917560

The corresponding motion-difference of Sun and Moon

Avamasesax 12 7
sesax degrees, because 1 tithi

= 71577917560
= 12 degrees.
__Avamasesa deerees
= 131493130 %8
Avamasesa __.
= —719—15—52 minutes.

Hence, as before,
Moon’s longitude = Sun’s longitude + { (12 tithis elapsed) degrees

Avamasesa

5191553 minutes }

and
Sun’s longituade = Moon’s longitude + { (12 tithis elapsed) degrees

Avamasesa minutes
2191552 }
Rationale 3. Tithi from tithyanta to suniise

Avamasesa
~ civil days in a yuga -

[The right hand side being a fraction of a lunar day is evidently a
fraction of tithi.] '

If ¢ be the number of tithis elapsed at tithyanta, then at sunrise

Avamasesa Avamasesa

Moon—Sun —t +
civil days in a yuga 1577917560

12

=t+
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Ox A Sesa_ .
Moon = Sun 4 127degrees + 12)127;;1;;1&0 “mins.

= Sun <4 12t degrees + A;fg";(zs;z"m mins.

The number 2191552 is better than 2191537.

NADIS OF TITHI CORRESPONDING TO AVAMA FRACTION

20. The kalavivara (i. e., the difference between the minutes of the
Sun’s and Moon’s motions corresponding to the Avama fraction) is the
mean fithi {corresponding to the Avama fraction) in terms of minutes.
That divided by 12 gives the corresponding nadis.

Or, alternatively, the Avamagesa-tithi-nadis (i. e., the nddis of the
tithi corresponding to the Avama fraction) may be obtained by multiplying
the Avamasesa by 60 and dividing (the resulting product) by the civil
days in a yuga.

For,

Avamasesa x (motion-diff. of Sun and moon in minutes)

kalavivara "
lunar days in a yuga

i

= mean tithi corresponding to Avama fraction, in terms
of minutes.

~ This divided by 720" gives the corresponding zithi, and the same divided
by 12 gives the corresponding tithi-nadis. "

We also have :

Avamasesa
civil days in a yuga

Tithi corresponding to Avama fraction =

~Avamasesa X_60
civitdays in a yuga’ :
because one tithi = 60 nadis.

Corresponding nddis =

Fifth Method

21. Multiply the tithi-liptds (i. e., the minutes of the rithi corres-
ponding to the Avama fraction) by 2 ard divide by 67. Add that te
12 times the intercalary years (elapsed). This added to 13 times the
longitude of the Sun gives the longitude of the Moon and the same

subtracted from the longitude of the Moon and then divided by 13 gives
the longitude of the Sun.
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That is,
Moon’s longitude = 12X (intercalary years elapsed) revs.

-+ 13 x (Sun’s longitude) 4 WI———%M mins,, (1)

and

Sun’s longitude =—T13— [Moon’s fongitude — (12 X (intercalary years

elapsed) revs. 4 2 % titéz;-lip fas mins.)] )

720 X Avamasesa
civil days in a yuga °

where tithi-liptds =

The rationale of these formulae is as follows 2

Since

intercalary months in a yuga =lunar months in a yuga—solar months
in a yuga.

= (Moon’s rev-no.—Sun’s rev-no.)—-l2 % Sun’s rev-no.
= Moon’s rev-no. — 13 x (Sun’s rev-no.)
~. Intercalary years in a yuga

£

= “11_2‘ [Moon’s rev-no.— 13x Sun’s rev-no.]

Therefore (see infra, vs. 24)

Moon’s longitude =12 (intercalary years elapsed --intercalary years
corresponding to Avama fraction) revs. 4
4+ 13 % (Sun’s longitude)

and
Sun’s longitude ='TZI?—[ Moon’s longitude — 12( intercalary years
elapsed + intercalary years corresponding to Avama

fraction ) revs.}
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But
(12 X intercalary years corresponding to Avama fraction) revs.

12 x Avamasesa y intercalary years in a yuga revs
~ civil days in a yuga lunar days 1n a yuga

tithi-liptas x 1593336
= 720 x 1603000080

revs.

tithi-liptds % 1593336 x 21600
720 x 1603000080

mins.

tithi-liptas X 1593336

53433336 mums.

tithi-liptas x 2
67

mins.

Hence the formulae (1) and (2).
5. OTHER METHODS FOR SUN AND MOON
Method 1. Sun and Moon from lunar and intercalary years.

22, Multiply the Ahargana by the intercalary years (in a yuga)
and divide by the civil days (in a yuga): the resultis in terms of revolu-
tions etc, Similarly, find the result due to the lunar years (in a yuga)

(i.e., multiply the lunar years in a yuga by the Ahargana and divide by
the civil days in a yuga). The difference of the two results gives the
Sun’s longitude (in revolutions etc.).

Method 2. Sun and Moon from lunar years.

23. The Moon’s iongitude diminished by 12 times the result derived
from the lunar years (in a yuga) gives the Sun’s longitude; and the Sun’s
longitude increased by the same gives the Moon’s longitude.

Since

Moon’s revolution-number — 13 x (Sun’s revolution-number)

= intercalary months in a yuga

P—

= 12x (intercalary years in a yuga)

—— —

L. Cf SiDVy, i. 24 (c-dy.
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therefore
Moon’s longitude — 13 (Sun’s longitude)

12>< (mtercalary years in a yuga) X Ahargana(r)
civii days in a yuga

Again, since
Moon’s revolution-number — Sun’s revolution-number

= lunar months in a yuga

i

12 X (lunar years in a yuga),

therefore

Moon’s longitude — Sun’s longitude

12 % (lunar years in a yuga)x Ahargana 2)
civil days in a yuga (

Subtracting (1) from (2), we get

R . (lunar years in a yuga) X Ahargana
Sun’s longitude = civil days ina yuga

(mterca]ary years in a yuga)x Ahargana 3)
civil days in a yuga -

Formula (3) gives the rule stated in vs. 22, and formula (2) the
stated in verse 23. The rule stated in vs. 22 also follows directly from

the relation between solar, lunar and intercalary years in a yuga,

Method 3. Sun and Moon from intercalary years,

24, The result derived from the intercalary years (in a yuga) multi-

plied by 12 and increased by 13 times the Sun’s longitude gives the Moon’s

longitude; and the Moon’s longitude diminished by the same amount and
divided by 13 gives the Sun’s longitude.?

That is,

Moon’s longitude = __ (intercalary years in a yuga)yX Ahargana

"~ civildaysina yuga x 12

+ 13X (Sun’s longitude).

1.

Cf. BrSpSi, xiii.33: SiSe, ii. 19.
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Sun’s longitude = —}—3[Moon’s longitude —

(intercalary years in a yuga)X Ahargana w 1 2]
=TT 77 civil days in a yuga

These follow from result (1) of p. 48 above.

Method 4. Sun from risings of asterisms.

25. The Ahargana being multiplied by the number of risings of the
asterisms (in a yugad) and then divided by the number of civil days in
a yuga, the result is in terms of revolutions, etc. The signs, etc., give
the Sun’s longitude, whereas the (complete) revolutions denote the
revolutions performed by the asterisms.

This is so, because

(risings of asterisms in a yuga) % Ahargana
civil days in a yuga

(civil days in a yuga+Sun’s revolutions in a yuga)X Ahargana
civil days in a yuga

_ { Ahargana-+- Sun’s re_\fc'ﬂlutlons. in a yuga X Ahargay_za}revs.
civil days in a yuga

Method 5. Sun and Moon from intercalary months.

26. The Ahargana multiplied by the number of intercalary months
(in a yuga) and then divided by the number of civil days (in a yuga),
gives revolutions, etc. This added to 13 times the Sun’s longitude gives
the Moon’s longitude, and the same subtracted from the Moon’s longitude
and then divided by 13 gives the Sun’s longitude.

This is so, because
intercalary months in a yuga =Moon’s revolutions in a yuga

—13x (Sun’s revolutions in a yuga).

[

1. Cf. SiDVy,i. 24(a-b): SiSe, ii. 17.
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Method 6. Sun and Moon from lunar months.

27. The Ahargana multiplied by the number of lunar months (in a
yuga) and then divided by the number of civil days in a yuga gives the
result in revolutions, etc. The Sun’s longitude increased by that becomes
the Moon’s longitude, and the Moon’s longitude diminished by that
becomes the Sun’s longitude,?

This is so, because :

lunar months in a yuga = Moon’s revolutions in a yuga

— Sun’s revolutions in a yuga.

This rule is equivalent to that stated in vs. 23 above.

Method 7. Sun and Moon from Vyatipatas.

28. Multiply the 4harganaby the number of Vyatipgtas in a yuga
and then divide by the number of civil days in a yuga; divide the result
by 2. The final result, in revolutions etc., diminished by the Moon’s
longitude gives the Sun’s longitude, and the same (ﬁnal) result diminished
by the Sun’s longitude gives the Moon’s longitude,

This is so, because :
number of Vyatipatas in a yuga = 2 x (Sun’s revolutions in a yuga
+ Moon’s revolutions in a yuga),?
Method 8. Sun and Moon from Vyatipatas and lunar months.

29(a-b). (The same final result) being severally diminished and
increased by the result (in terms of revolutions etc.) derived from the

lunar months (in a yuga) and then divided by 2, gives the longitudes of
the Sun and the Moon, respectively.

This is so, because :

the so called final result = Moon’s longitude 4 Sun’s longitude

and _

. Cf. SiDVpr,i. 24,
2. See supra, sec. 2, vs. 5.
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the result derived from lunar months in a yuga

—Moon’s longitude—Sun’s longitude.

Method 9. Sun from Vyatipatas and intercalary months.
29(c-d). (The same final result) diminished by the result derived from

the intercalary months in a yuga and then divided by 14 gives the
longitude of the Sun.

This is so, because :

(Moon’s long.4-Sun’s long.)—Moon’s long. +13(Sun’s long.)
Sun’s long. = ~————— ™

(so called final result)—(result derived from

intercalary months in a yuga)
= 14 '

Method 10. Sun and Moon from omitted days.

30. Multiply the Ahargana by the number of omitted days in a
yuga and divide by the number of civil days (in a yuga). Whatever is
obtained should be increased by the Ahargana and the sum obtained
should be divided by 30. The resalt, which is in revolutions etc., when
added to the Sun’s longitude, gives the Moon’s longitude.

Since

Omitted days in a yuga=lunar days in a yuga—civil days in a yuga
=30 (Moon’s revolution-number—Sun’s
revolution-number)—civil days in a yuga,

therefore, multiplying both sides by the Ahargapa and dividing by civil
days in a yuga, we get

Omitted days in a yuga X Ahargana

civil days in a yuga 47 =30 (Moon'’s long. —Sun’s long.)

- —Ahargana

Hence the above rule.
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6. OTHER METHODS FOR PLANETS

Method 1. Two planets from their conjunctions

31. The number of conjunctions of two planets (in a yuga) being
multiplied by the Ahargana and then divided by the number of civil days
(in a yuga) gives the (difference between the longitudes of the two planets
in terms of ) revolutions, etc. The longitude of the slower planet increased
by that becomes the longitude of the faster planet, and the longitude of
the faster planet diminished by that becomes the longitude of the slower
planet.

This is so, because :

of conjunctions of two planets.—.revolution-number of faster planet— -
revolution-number of slower planet.

Method 2. Two planets from sum and difference of their revolutions.

L4

32. Multiply the Ahargana by the sum of the revolution-numbers
of the two planets and divide by the number of civil days (in a yuga) :
the result is in terms of revelutions, etc. Set it down in two places.
In one place diminish it by the result derived from the conjunctions of
the two planets (in a yuga), and in the other place increase it by that ;
then divide the difference and the sum thus obtained by 2. Then are
obtained the longitudes of the two planets (slower and faster,
respectively).?

‘That 1s,

long. of planet Py = 4 [(longitude of planet P;+long: of planet Py)

—(long. of planet P, —long. of planet Py)].

and

long. of planet P, =} [(long. of planet P, +long. of planet Pg)

+(long. of planet P,—long. of planet Pl

1.
2.

Cf. SiDVr, i. 25; MSi, 1. 29; sisi, 1, i(c). 13.
Cf. MSi, i. 28; SiSi, ii. 29; siSi, 1, i(c). 12. Rules stated in vss. 31 and 32 have
been mentioned by Bhaskara I in his comm. on 4, ii. 3(a-b).
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Method 3. Two planets from the sum of their revolutions

33, The result (derived in vs. 32) from the sum of the revolutions
of the two planets, when diminished by the longitude of the slower planet,
gives the Jongitude of the faster planet, and when diminished by the
jongitude of the faster planet gives the longitude of the slower planet.!

Method 4. Planet from its risings

34, Multiply the Ahargana by the number of risings of the planet
(in a yuga) and divide by the mumber of civil days (in a yuga): the
quotient denotes the number of the planet’s risings gome by. The
residue, in signs etc., being subtracted from or added to the longitude of
the planet, according as the planet is faster or slower than the Sun,
gives the longitude of the Sun. The longitude of the planet may also
be obtained from that of the Sun, similarly.

Since

risings of a planet in a yuga =rev-no. of asterisms—planet’s rev-no.

=(civil days in a yuga+ Sun’s rev-no.)—planet’s rev-no,,
therefore,

risings of the planet x Ahargana

civil days in a vuga
=(Ahargana+ Sun’s long.—planet’s long.), in revs. etc.
=-complete revolutions--difference between Sun’s and planét’s
longitudes in signs etc.

Hence the above rule. |

Method 5. Planet for the time of its rising

35. Just as the past risings of the asterisms and the Sun’s longitude
at sunrise are derived from the Sun’s risings in a yuga (vide vs. 25), in
the same way the past risings of the asterisms as also the longitude of

the planet for the time of planet-rise may be derived from the risings
of the planet in a yuga .

—

1,

Cf. SiSe, ii. 28.
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The longitudes of the Sun and the Moon, too, may be derived in
many ways from the Avamasesa following the methods stated heretofore.

Method 6. Planet from civil days minus Ahargana

36. Multiply the tabulated revolutions of the planet by the number
of civil days (in a yuga) as diminished by the Ahargana and divide by
the number of civil days (in a yuga) : the result in revolutions etc. gives
the longitude of the planet if the planet has retrograde (i.e., westward)
motion. If the planet has direct (i.e., eastward) motion, the same
resuit subtracted from a circle (i.e., 360°) gives the longitude of the
planet.}

Method 7. Planet from civil days minus planet’s revolutions

37. Multiply the Ahargana by the civil days (in a yuga) as
diminished by the revolutions of a planet (in a yuga) and divide by the
civil days in a yuga : the result, in revolutions etc., gives the longitude of |
the planet if the planet has retrograde (ie, westward) motion. If the
planet has direct motion, the same result subtracted from a complete
revolution (i.., 3600) gives the longitude of the planet.?

Method 8. Planet from risings of planet and revolutions of asterisms

38. The difference of the results derived from the revolutions of
the asterisms and from the risings of a planet, gives the longitude of the
planet. The planet whose past risings give the result derived from the
revolutions of the asterisms is the requisite planet.?®

This is so, because :

~revolutions of a planet.—:revolutions (or risings) of the asterisms
—risings of the planet

and the result derived from the revolutions of the asterisms

_ (risings of asterisms) X (planet’s past I_ifir_l‘g_s)
. planet’s risings in a yuga

1. Cf. SiSe, ii. 30(d)-
2. Cf. SiSe, ii. 30(a-c).
3. Cf SiSe, ii. 31
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Method 9. Two planets from risings of asterisms and their own

39 From the sum of the risings of the two planets (in a yuga)
subtract the risings of the asterisms (in a yuga); severally subtract
that difference from the risings of those planets ; and from the remain-
ders obtained derive the usual results in revolutions etc, In case the
subtraction is made from the risings of the slower planet, the result

. obtained (in revolutions etc.) gives the longitude of the faster planet ;
otherwise, that gives the longitude of the slower planet.

This is so, because :

revolutions of faster planet =risings of asterisms—risings of faster planet

=(risings of asterisms—risings of faster planet—risings of slower
planet) 4 risings of slower planet

=risings of slower planet—(sum cf risings of slower and faster

planets—risings of asterisms)
and, similarly,

revolutions of slower planet

=risings of faster planet—(sum of risings of slower and faster

planets—risings of asterisms).

Method 10. Alternative process

40. Or, (the sum of) the difference between the risings of the
planet and the risings of the asterisms (for the two planets) should be
severally increased and diminished by the difference between the risings
of the two planets; and the two results thus obtained should be halved.

These give (the revolution-numbers of the faster and the slower of) the
two planets (respectively).

The sum of the two planets diminished by the slower planet gives

the faster planet, and the same diminished by the faster planet gives the
slower planet,

l Let the risings in a yuga of the asterisms and those of the faster and
slower planets be A4, Rand r, respectively. Then
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rev-no. of the faster planet

=3}[(A—R) + (A—r) + (r—R)],ie, A—R
and rev-no. of the slower planet

=3[ (A—=R) + (A—r) — (*—R) ], ie., A—r.

It should be noted that the number of risings in a yuga for the faster
planet is smatler than that for the slower planet. Thus, the number of
risings of the Sun in a yuga

= 1582237560 — 4320000
= 1577917560

whereas the number of risings of the planet Jupiter (which moves slower
than the Sun) in a yuga

— 1582237560 — 364220
= 1581873340.

- 7. MISCELLANEOUS TOPICS

(1) Risings of asterisms and planets

41. The sum of a planet’s own revolutions and risings (in a yuga)
gives the revolutions (or risings) of the asterisms (in a yuga). From
the risings of the slower and faster planets diminished and increased by
the conjunction-revolutions of those two planets are obtained the risings
of the faster ard slower planets (in a yuga).

In 6ther words :
(1) revolutions (or risings) of the asterisms

— revolutions of a planet - risings of that planet.
(2) risings of the faster planet

= risings of the slower planet — (revolutions of the faster
planet — revolutions of the slower planet),

(3) risings of the slower planet

= risings of the faster planet + (revolutions of the faster
planet — revolutions of the slower planet). '



Sec. 4 | MEAN PLANETS 57

(2) Motion of a planet for its own day (i. e., from one rising of the
planet to the next)

42, Multiply the revolutions of the planet (in a yuga) by the
minutes in a circle (i.e., by 21600) and divide by the number of risings
of the planet (in a yuga) ; then is obtained the motion of that planet
from its one rising to the next (in terms of minutes).

(3) One planet from another, (Alternative method)

43, Multiply the civil days (in a yuga) by the revolutions of the
planet other than the desired one and divide by the revolutions of the
desired planet : this is the so called ‘“divisor”. By this divisor, divide
the product of the Ahargana and the revolutions of the other planet :
then is obtained the longitude of the desired planet.?

That is, if P be the known planet and Q the desired planet, the

revolutions of P x Ahargana

longitude of Q = D ,

where

D = revolutions of P x civil days in a yuga
- revolutions of Q ’

(4) Special method for finding a planet

44. Multiply the sum or difference of the longitudes, taken along
with the revolutions performed, of two or more planets, each multiplied
or divided by arbitrary numbers, by the revolutions of the desired planet
and divide by the revolutions of those two or more planets operated upon

in the same way (as their longitudes are) : the result is the longitude
of the desired planet.2 '

Let R;, Ry, Ry, . ..., Ry be the revolution-numbers and L,, Ly, Ly, ..,
Ly, the longitudes in revolutions etc., of n planets. Given the multipliers
ml’ mzv ma, te ey my and

mlLl i mzLa :t nlaLs i e ® & i mﬂLﬂ9

1. Cf. SiSe, ii. 73.
2. Cf. BrSpsi, xiii. 28; SiSe, ii. 81.
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the problem is to find the longitude of the planet P whose revolution-
number is R.

The above rule gives the following formula for the longitude of P:

longitude of P = (myLy + meLy * . ... & Maln) XR.

miRy 1 MRy £ . oo & MnRy i
which is true, because
L L _Ln
R, R, ceen R,

Problems 13 and 14 set in section 9 of the present chapter are based on
the above rule.

(5) Another special method for finding a planet

45-46. When the sum of the longitudes of two or more planets
severally increased or diminished by the longitudes of those planets as
multiplied by a given multiplier, are given, find their sum and divide
that by the number of the planets, two or more, as increased or
diminished by the given multiplier : this gives the sum of the longitudes
of those planets. Divide that by the sum of the revolution-numbers of
those plancts and multiply that severally by the revolution-numbers of
those planets : then are obtained the longitudes of those planets, res-
pectively.! When multiplication is made by the revolutions of any
other desired planet, then is obtained the longitude of that desired planet.

Let the longitudes of n planets be L,. Ly Ly, .. ., L and let S be
their sum. Given the multiplier m, and the values of

S+mL,, S+mL,, StmLlg...., S+ mLy,
the problem is to find Ly, Ly, Ly, - - - 5 Ln-

The above rule gives the following formula for S:

s (S+mL1)+(S+mL,)+....+(S+mL,,)
= ¥ (I)
n+ m

which is exactly the same as given by Brahmagupta and Sripati.

1. Cf. BrSpSi,xiii. 47, SiSe, ii. 71-72. In place of formula (2) (see p. 59) Sripati gives

n
See SiSe,ii. 72.
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S being determined in this way, L, is obtained by the formula:

8 x rev-no. of the rth planet
= sum of revolutions of all n planets

L,

Problems 15 and 16 of section 9 of the present chapter are based on
‘the above rule.

(6) A generalisation of the previous rule

47. Severally divide the aggregate of the partial sums ( padasvam)
as increased or diminished by the partial sum multiplied by the multiplier
(given for it), by its own multiplier ; then take the sum of all these
results, and divide that by (the sum of) as many units as there are
partial sums (successively) divided by the given divisors, increased or

diminished by 1; this gives ihe aggregate of the partial sums. From
that obtain what remains to obtain.

Let there be » partial sums s,, Sp, Sg5 ¢ « « -« « , Sp and let my, my, Mg, « . »

my, be the respective multipliers of the n partial sums. Given my, My,
mg, . . . . ,my and the values of

S+ mys, S myse, ..o, S mMpsy

where $ = 5, + 53 + .. .. + sp, the problem is to find the partial sums,
Sl’ S2, 33, . e e sy Sn.

The above rule gives the following formula for S:

St ms S -+ m,s S+ mys
mll + JLIN 32+”“ 2 I non

S - mz . rnn

1 I 1 “"
(~,—n—1—+;,~2;+.... s ) £

S being thus determined, the partial sum s, can be easily obtained
by the formula |

S+ ms)~S
my )

ST=

It may be noted that the above formula of Vatesvara is a generalisation
of Brahmagupta’s formula for equal multipliers, viz.

S = (Simsl)‘i‘(s'{_:msg)“‘-'---'+(S"|_;msn)
nt+ m :

See BrSpSi, xiii. 47.
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(M A special rule for solving a linear equatjon involving one
~ unknown and several known planets

48-49. Find the sum or difference of the revolution-numbers of
the planets, as multiplied or divided by the given multipliers or divisors
(in the problem); or (when the subtraction is not possible), add the
number of civil days in a yuga (to the minuend) and then subtract the
revolution-number of the subtractive planet (as multiplied or divided by
the given multiplier or divisor). (If the sum or difference thus obtained
exceeds the number of civil days in a yuga), divide the sum or difference
by the number of civil days in a yuga. (Discard the quotient and retain
the remainder). Now depending upon whether the result due to the
«gther” (ie., desired) planet is additive or subtractive (in the given
problem), subtract the remainder from or add that to the number of
civil days in a yuga; then increase or diminish that by the revolutions
of the given planet ; and finally (if the sum or difference exceeds the
number of civil days in a yuga) divide it out by the number of civil days
in a yuga. (Discard the quotient and take the remainder.) This gives
the revolutions of the other planet.!

The following solved examples shall illustrate the above method.

Example l 1f

10. Moon+ 3. Mercury +Unknown planet =3Saturn,

find the revolution-number of the unknown planet.?

Let the revolution-numbers of Moon, Mercury, Saturn and the

unknown planet be M, M’, S, and x respectively. Also Let C be the
number of civil days in a yuga. Then we have to solve the equation

10M+3M'+x=S5,

giving x=S—(10M +3M"

or C+S—(10M+3M), (M

w—— ———

Cf. BrSpSi, xiii. 34-35; SiSe, ii. 76-717; SiSi, 1, xiii. 8-9. In SiSe the rule is
explained very clearly and is illustrated by means of examples. A similar rule is
given in MSi, xvii. 3-5.

In this problem, Saturn is the ‘given planet’ of the text.
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because addition of any multiple of C does not make any difference. Since
x has to be less than C, the right hand side should be divided out by C,
if necessary.

The process stated in the text is as follows :

Find the value of 10M < 3M; if it exceeds C, divide it out by C. Since
x is additive, subtract 10M+3M’ from C, and then add S toit. Thus one
gets C—(10M+3M')+4-S. This is the value of x, i. e,

x=C—(10M+3M") 45,

which is the same as (1). If this value of x exceeds C, divide it by C and
take the remainder.

Example 2. If
10. Moon+- 3. Mercury — Unknown planet=Saturn,
find the revolutions of the unknown planet.
We have to solve

10M+-3M'—x=S,

giving x=(10M+3M")~S, or C+(10M+3M")—S. 2

The process stated in the text is as follows :

Find the value of 10M 4+ 3M’; if it exceeds C, divide it out by C. Since
x is subtractive, add it to C and then subtract S from it. Thus we get

x=C+(10M+3M")--S,

Which is the same as (2) above. If this value of x exceeds C, divide it
by C and take the remainder.

It is to be noted that the multiplier of the unknown planet in the
problems has necessarily to be unity.

(8) Planet for the end of lunar day

50. Multiply the revolutions of the plamet (in a yuga) by the
clapsed lunar days and divide by the lunar days in a yuga : then is

obtained, in revolutions etc., the lengitude of the planet for the end of
the lunar day (elapsed).
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(9) Planet for the end of solar day

 51. Multiply the revolutions of the planet by the (elapsed) solar
days and divide by the solar days in a yuga : the result, in revolutions

etc., gives the longitude of the planet for the end of the elapsed
solar day.

(10) Planet for sunrise of the gods or sunset of the demons

52. Multiply the revolutions of the planet by the elapsed solar
years and divide by the solar years in a yuga : the result is the longitude
of the planet at sunrise of the gods or sunset of the demons.

(11) Planet for the beginning of Jovian year

53(a-b). In a similar manner, one should calculate the planets for
the commencement of the Jovian year with the help of the elapsed
Jovian years.

8. POSITIONS OF PLANETS AT THE BEGINNINGS OF BRAHMA’S
DAY, CURRENT KALPA AND KALIYUGA

53 (c-d). At the commencement of Brahma’s day, the planets as
well as their mandoccas, Sighroccas, and ascending nodes were situated
at the junction of (the signs) Pisces and Aries.

54. The revolutions (for the duration of Brahma’s life) being incr-
eased by one-fortieth of themselves give the signs etc. of the longitude
in the beginning cf the current kalpa. These being increased by the
minuates obtained by multiplying the (same) revolutions by 613 and divid-
ing by 4480 give the longitude in the beginning of Kaliyuga.

The number of kalpas in the life-span of Brahma is 72000, and the
number of kalpas clapsed at the beginning of the current kalpa since the
birth of Brahma is 6150. See supra, sec. 2, vs. 8; and sec. 3, vs. 17.

Therefore the longitude of a planet’s apogee or ascending node at the
beginning of the current kalpa

= 6\50><—Er lution
= —75600 evolutions

= (R+ RJ40) signs,

where R is the revolution-number of the planet’s apogee or ascending node
in the life-span of Brahma.
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Again, the number of yugas clapsed since the béginning of the current

kalpa up to the beginning of Kaliyuga is equal to 459%. Therefore, the
motion of the planet’s apogee or ascending node for this period

_ 4593R
~ 1008 x 72000

_ 6I3R
= 74480

revolutions

minutes.

Hence the longitude of the planet’s apogee or ascending node (whose
revolution-number in the life-span of Brahm3i is R) at the beginning of

i 613R .
Kaliyuga =(R + R[40) signs+ ~i4go Tinutes,

A PASSING REFERENCE TO THE RULE OF THREE AND REDUCTION OF
NUMERATOR AND DENOMINATOR

55. All unknown quantities should be determined from the known
omes by the rule of three. Everything stated above is in most cases
simplified by using the reduced numerator and denominator. For this
purpose one should divide both of them by the last non-zero remainder

of their mutual division. The reduced quantities are called drdka or
coprime.

ACTUAL POSITIONS OF PLANETS’ APOGFES AND ASCENDING NODES
IN THE BEGINNING OF KALIYUGA

56-62. (When the longitudes of the planets are calculated by taking
the beginning of Kaliynga as the epoch, then to account for the positions
of the planets) in the beginning of Kaliyuga one should add 3 signs to
the Moon’s apogee; 6 signs to the Moon’s ascending node; 2 signs 189
51’ 37" to the Sun’s apogee; 4 signs 8° 50’ 50" to Mars’ apogee; 7 signs
16° 42’ 54" to Mercury’s apogee; 5 signs 22° 48’ 31" to Jupiter’s apogee;
2 signs 20° 3’ 26” to Venus’ apogee; 7 signs 25° 56’ 53" to Saturn’s
apogee; 10 signs 20° 10" 12" to Mars’ ascending node; 11 signs 10° 19’
54" to Mercury’s ascending node; 9 signs 10° 10’ 14" to Jupiter’s ascen-
ding node; 10 signs 0° 7' 17” to Venus’ ascending node; and 8 signs 20°
1: (.)" to Saturn’s ascending node. These positions have been obtained by
dividing the product of the days elapsed in the beginning of Kaliyuga

and the revolutions (of the apogees and ascending nodes) by the civil
days in the life-span of Brahma.1

—— e
—— e e .

1. Positions of planets’ ap

. ogees and ascending nodes are also stated in 4, i. 8(a-b);
- BrSpS;i. i. 52-57; SiDVy, ii. I( ; ' o

a-b); xi. 5(c-d); SiSe, it. 54; SiSi, 1, i (c). 19-20.

-
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The motion of the planets’ apogees is direct whereas that of the
planets’ ascending nodes is retrograde. Therefore, the longitudes of the

planets’ apogees and ascending nodes, measured eastwards as usual, are as
follows :

Table 8. Longitudes of planets® apogees in the beginning of Kaliyuga.

signs degrees minutes seconds

Sun 2 18 51 37
Moon 3 0 0 0
‘Mars 4 8 50 50
Mercury 7 16 42 54
Jupiter 5 22 48 31
Venus 2 20 3 26
Saturn 7 25 56 53

Table 9. Longitudes of planets’ ascending nodes in
the beginning of Kaliyuga

signs degrees minutes seconds
Moon 6 0 0 0
Mars 1 9 49 48
Mercury 0 19 40 6
Jupiter 2 19 49 46
Venus 1 29 52 43
Saturn 3 9 59 0

Aryabhata 1@ and Lalla? have stated the following positions of the
planets’ apogees and ascending nodes :

. SeeA,i.9.
2. See SiDVp, iii. 1 (ay, xi. 5 (¢c-d).
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65
- Position of apogee Position of ascending node

Sun 2 signs 18°

‘Moon 3 signs 6 signs

Mars 3 signs 28° 1 sign 10°

Mercury 7 signs 20°

Jupiter 6 signs 2 signs 20°

Venus 3 signs 2 signs

Saturn 7 signs 26° 3 signs 10°

Sripatit and Bhaskara II2 have given the following positions for the

beginning of Kaliyuga :
Sripati
‘Sun’s apogee 2 signs 17° 45' 36"
Moon's apogee ~ 4 signs 5° 29”7 457 36"

Moon’s ascending node 5 signs 30 12’ 577 36’

S,
e s l—

1. See SiSe, ii, 54.
2. See $iSi, 1, (). 19-20.

Bhaskara 11
2 signs 170 451 36°
4 signs 5° 29’ 46~
5 signs 3° 12 58"



Section 5

Suddhi or intercalary fraction, for solar year etc.

\. Suddhi for solar year

RESIDUAL INTERCALARY, RESIDUAL CIVIL AND RESIDUAL
OMITTED DAYS

1. Severally multiply the elapsed years by 2334, 9313 and 29021
and divide each product by 36000: the quotients thus obtained are the
clapsed (residual) intercalary days, (residual) civil days, and (residual)
omitted days respectively.! Then divide the remainders by 600: the
quotients obtained are the corresponding ghatis. Then divide the new rem-
ainders by 10: the quotients obtained are the corresponding palas (or

vighatis).
According to Vates§vara :
. : 159333630 2334
(1) intercalary days in a year = 4370000 — 114 26000
.. . 1577917560 9313
(2) civil days in a year = 330000 = 365 + 2€000
25082520 29021

(3) omitted days in a year = —5onen— =5 + 36500

Thus the residual intercalary, civil and omitted daysin a year are
respectively equal to

2334 9313 and 29021
36000 ° 36000 36000 -

These residues will go on accumulating year to year. The above rule
tells us how to find the accumulated amounts of these residues, in terms of
days, ghatis and vighayis, corresponding to the years elapsed since the epoch.

ABRIDGED RULE FOR RESIDUAL INTERCALARY DAYS AND
PARTICULAR CASES

2. Alternatively, multiply the years elapsed by 389 and divide by
6000: the result is the elapsed (residnal) intercalary days. Thusin 208

e q—— -—

1. Similar rules are stated in BrSpSi, i. 40; MBh, i. 27-28: SiDVr, i. 27, 28; SiSe, ii.
' 14, 35 (a-b).
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years there are 13 (residual) intercalary days as diminished by 1[30 of
a day; in 108 years there are 7 (residual) intercalary days increased by
1 pala for every 15 years; and in 16 years, there is 1 (residual) intercal-
ary day increased by T nadis for every S0 years.

~ Asshown above (in vs. 1), the number of residual intercalary days
in 1 year

2334
36000

389
6000 ’

dividing numerator and denominator by 6.

Thus :
(1) In 200 years, the number of residual intercalary days

_389x200 _ 389 .. 1
60000 T30 - T 30

(2) In 108 years, the number of residual intercalary days

389108
6000

days

=7 days + 10%ofaday
= 7 days 4 (1 pala in every 15 years),
2 36 : .
because {000" of a day =5 palas and %é—palas in 108 years is

equivalent to 1 pala in 15 years.

(3) In 16 years, the number of residual intercalary days

=1 day -~ 2(2)0 of a day

=1 day + (7 nddis in every 50 years).
Hence the rule stated above.
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PARTICULAR CASES OF RESIDUAL CIVIL DAYS

3. 1In 375 years there are 97 (residual) civil days increased by 1
pala for every 10 years; in 120 years there are 31 (residual) civil days
increased by 13 palas for every 10 years; in 144 years there are 37
(residual) civil days increased by 21 nadis for every 200 years; and in
96 years, there are 25 (residual) civil days diminished by 31 palas for
every 5 years. :

This can be easily seen to be true.

PARTICULAR CASES OF RESIDUAL OMITTED DAYS

4. Tn 36 years there are 29 (residual) omitted days increased by 7
nidis for every 200 years: in 96 years there are 77 (residual) omitted
days increased by 73 nadis for every 300 years; in 5 years there are 4
(residual) omitted days increased by 221 vinadis for every 10 years; and
in 300 years there are 241 (residual) omitted days increased by 101 palas.
for every 10 years.

This too can be easily seen to be true.

The word “vak” used in the Sanskrit text bears the npumerical value 1.

RELATION BETWEEN RESIDUAL INTERCALARY, RESIDUAL CIVIL, AND
RESIDUAL OMITTED DAYS

5. The sum of the elapsed years and the (residual) intercalary days
when diminished by tie (residual) omitted days gives the (residual) civil
days and when diminished by the (residual) civil days gives the (residual)
omitted days. And the sum of the (residual) civil days and the (residual)
omitted days when diminished by the eiapsed years gives the (residual)
intercalary days.

Let Y be the number of elapsed years. Then

. . . 2334
residual intercalary days' = 36000 Y
: : 29021
residual omitted days = 36000 Y
9313

and residual civil days = 26000
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Evidently
2334, 29021 9313
Y + sg500Y = 360007 ¥ T 36000

That is,

elapsed years -+ residual intercalary days = residual omitted days
L residual civil days.
Hence the above rule.

PAST INTERCALARY MONTHS AND SUDDHI
First Method

6. When the sum of the (residual) omitted days and the (residual)
civil days is increased by 10 times the elapsed years and the resulting
sum is divided by 30, the quotient denotes the elapsed intercalary months,

and the remaining fraction (of the intercalary month) in terms of days
etc. is the Suddhi.!

Let Y be the number of the years elapsed. Then

L 2334
elapsed thelcalary days = 11 36000 Y

29021 9313
10Y + 35500 Y+ 38000 ¥

f

10 x elapsed years -} residual omitted
days < residual civil days.

~. elapsed intercalary months = %O—Dﬁxelapsed years -+

- residual omitted days - residual civil days]

The quotient gives the complete intercalary months elapsed, and the
residue, in days etc., is the Adhimdsajesa known as Suddhi.

—
RSy Wk et eSS e st et i g N

L. Cf. BrSpSi, i, 41; $iDVy, i. 29; SiSe, ii, 36,
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Second Method

7. Or, add the (residual) intercalary days to 11 times the clapsed
years and divide the resulting sum by 30: the quotient denotes the number

of intercalary months elapsed and the residue, in days etc., the so called
suddhi? ‘

Let Y be the number of years elapsed. Then the elapsed intercalary
days are equal to

~ 2334 2334
(1 + 56000 )Y o 1Y + a0 Y
= 11 x elapsed years 4 residual intercalary days.

Therefore, the elapsed intercalary months are equal to

—%(—)a { 11 x elapsed years 4 residual intercalary days } .

The quotient denotes the complete intercalary months elapsed, and the
residue, in days etc., denotes the Adhimasaiesa, known as Suddhi. -

Third Method

8. Or, multiply the number of years elapsed by 66389 and divide
the product by 180000: the quotient denotes the number of intercalary
months elapsed and the (residue in) days etc., the so called Suddhi.?

Let Y be the number of years elapsed. Then the intercalary months
elapsed in Y years

1593336
= 4330000 Y (see supra, sec. 2, vss. 3-4)

66389

= 130000 1

When 663897 is divided by 180000, the quotient will give the complete

intercalary months elapsed, and the remainder reduced to days etc. will
give the Suddhi.

1. Similar rules occur in MBh, i. 22; SiSe, ii. 38; SiSi, 1,i(¢). 6.
2. Cf. SiSe, ii. 37. Sripati subtracts Avamaghatis also.
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Fourth Method

9. Or, adding 11 times the denominator (of the residual intercalary
days in 2 year) to the numerator thereof, calculate the intercalary days
elapsed. When they are divided by 30, the quotient gives the number of

complete intercalary months elapsed, and the residue, in days etc., gives
the suddhi.

This is so, because the number of intercalary days in Y years

2334 11 3600042334
= (n + Se000-)Y = 36000 Y.

LORD OF SOLAR YEAR

First Method

10 (a-b). The remainder obtained on dividing the sum of the

number of years elapsed and the (residual) civil days by 7 yields the lord
of the (solar) year.

This is so, because the number of civil days elapsed at the end of Y
solar years

9313 ., _ 9313
= (365 + sZ500) Y=Y + —3g000 Y mod 7.

Second Method

10 (c-d). Nine times the number of years elapsed diminished by the
(residual) omitted days and increased by the (residual) intercalary days,
when divided by 7, the remainder yields the lord of the (solar) year.

This is so, because the number of civil days elapsed at the end of Y
solar years may be written as |

. 20021 . 2334
33T + 9Y — e Y + 36000 ¢

o 29021 2334

P e p—

1. Same rule is stated in BrSpSi. i. 42 (a-b); SiSe, ii. 35 (c-d),
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Third Method

11. The product of 5 and the number of elapsed years, increased
by the (residual) omitted days and diminished by the (residual) intercalary
days, when divided by 7, the difference of the remainder obtained and
7 gives the lord of the (solar) year, which is indeed identical with the
lord of the first day of the (solar) year.

The number of civil days elapsed at the end of Y years

— 3657 9313

+ 46006

29021 2334 .
= 366 Y— 36000 Y + 36000 Y (vide vs. 5)

29021 2334
= [5Y+ o000’ Y = 36000 Y] (mod 7)

29021 2334
[SY"'qﬁooo Y — 35000 Y] (mod 7).

Hence the above rule.

IIl

The word paficakain the Sanskrit text is used in the sense of “year”,
because a year was sometimes taken to be an aggregate of 5 seasons., The
Aitareya-Brahmana, for example, reads;

qd4Y Faeafarfody: aadd

| Fourth Method

12(a-b). Twice the (residualy civil days diminished by the (residual)
intercalary days and increased by the (residual) omitted days (when
divided by seven, the remainder) gives the lord of the (solar) year.

This is so, because the number of civil days elapsed at the end of ¥
solar years

9313
=365 Y + geoen ¥

9313

= 364Y -+ Y+ zimno TE000"

Y
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9313 2334 29021

= 364 ¥ + 2 X 3500 Y — 36000 ¥ + 36000 **

9313 2334 29021 .
because Y = m Y— Wﬁ Y + 36000 Y (vzde vs. 5)

9313 2334 29021

2 X 3e500 ¥ — 36000" ¥ T 36000 ¥ (med D)

Y

Pifth Method

12 (c-d). (In the fraction denoting the residual civil days for a

year) add the denominator to the numerator, and therefrom calculate
the (residual) civil days, as before, and divide them by 7: the remainder
obtained gives the lord of the (solar) year.

This is so, because the number of civil days elapsed at the end of Y
solar years

- (365 + ,3%3%—3))’

9313 .

3600049313
RG000 Y (mod T)

it

LORD OF LUNAR YEAR

13 (a-b). The methods for finding the lord of the solar year have
been stated above. Now shall be described the methods for finding the

lord of the lunar year, i.e., the lord of the first day of the light half of
Caitra.

First Method

13 (c-d). The lord of the lunar year may be obtained as before by

calculating the Ahargana (for the beginning of Caitra) from the solar
years elapsed.
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Second Method

14 (a-b). Or, determine the lord of the (lunar) year from 5 times
the solar years elapsed diminished by the difference of the intercalary
(months elapsed reduced to) days and the sum of the omitted days elap-
sed and twice the solar years elapsed.

Let Y be the number of solar years elapsed. Then the number of civil
days elapsed up to the beginning of Caitra

= 360 Y + intercalary months elapsed redﬁced to days
—omitted days elapsed

== 3Y + intercalary months elapsed reduced to days

—~— omitted days elapsed (mod 7)

= 5Y — (2Y 4 omitted days elapsed — intercalary months
elapsed reduced to days) (mod 7).

-Hence the rule.

Third Method

14 (c-d). Or, the lord of the (lunar) year may be obtained by
adding the omitted ghatis (corresponding to the suddhi) and the solar
years elapsed to the (residual) civil days minus the suddhi.

Let Y be the number of solar years elapsed. Then the civil days
elapsed in the beginning of Caitra

9313 . . . . .
= (365 + m) Y—(suddhi — omitted ghatis corresponding

to suddhi)

=-364Y 4 (Y + residual civil days) — (fuddhi —

—omitted ghatis corresponding to suddhi)

= (¥ + omitted ghatis corresponding to suddhi)
+ (residual civil days— Suddhi) (mod 7).

Hence the rule,
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15. 'This is how one bases his calculations on lunar elements corr-
esponding to solar revolutions or solar years elapsed.,

LORDS OF SOLAR AND LUNAR YEARS DERIVED FROM EACH OTHER

16. The lord of the lunar year increased by (the days, etc., of) the
iuddhi and diminished by the (corresponding) omitted nrddis gives the
lord of the solar year; and the lord of the solar year diminished by (the
days, etc., of) the suddhi and increased by the (corresponding) omitted
nadis gives the lord of the lunar year.

The lord of the first day of the light half of Caitrais the lord of the
Junar year, and the lord of the first day of the solar year is the lord of the
solar year. The first day of the light half of Caitra falls earlier than the first
day of the solar year. The number of days between the two is equal to

$uddhi— corresponding omitted nadis etc.

Hence the above rule.

PLANETS FOR THE END OF SOLAR YEAR
Moon
First Method

17. The longitudes of the planets may by obtained from the
(elapsed) solar years in the manner stated earlier.

Alternatively, twelve times the suddhi gives the Moon’s longitude in
terms of degrees etc.l

‘ This is so, because the Sun’s longitude is zero at the begining or end
of a solar vear.

Second Method

18. Set down the number of elapsed solar years in three places. In
the first place multiply it by 132 degrees, in the middle place by 46
(minutes), and in the last place by 34/50 (minutcs): then is obtained the
Moon’s longitude (at the end of the elapsed solar year).2

—

1. Same method occurs in MSJ, xvii. 26; SiSi, 1, (¢). 10 (a-b).

2. This rule agrees with that quoted by Albirani from the Karanasdra of the author.
See Albiruni’s India, 11, p. 54,
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Moon’s motion for one solar year (according to Vateivara)

_ 57753336
= 4320000 °

!

= 13 revs. 132° (4635 -

Hence the above rule.

Moon’s apogee and Moon’s ascending node

19. The longitudes of the Moon’s apogee and the Moon’s ascending
node are obtained on multiplying the number of years elapsed (in the
first place) by 40 and 19 (degrees), (in the middle place) by 41 and 21
(minutes), and (in the last place) by 11j200 and 34/200 (minutes),
respectively.

The yearly motions of the Moon’s apogee and the Moon’s ascending
node (according to Vatesvara) are : '

Yearly motion

- ]
Moon’s apogee 400 (41 1%%

, - o fn; 34Y
Moon’s ascending node 19 (2 im

Hence the above rule.

Mars and other planets

20-21. The longitude of Mars is obtained on multiplying the num-
ber of years elapsed (in the first place) by 191 (degrees); the longitude
of the Sighrocca ‘of Mercury, by 54 (degrees); the longitude of Jupiter,
by 30 (degrees); the longitude of the Sighrocca of Venus, by 225
(degrees) and the longitude of Saturn, by 12 (degrees); in the middle
place, by 24, 45, 21, 11 and 12 minutes (respectively); and in the last
place, by 7, 14, 5, 44 and 42 (minutes, respectively) each divided (by 50)
as in the case of the Moon.
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The yearly motions of the planets, according to Vate§vara, are as
follows : '

P

Planet Yearly motion
——
7 1
Mars 191° (24 =
Sighrocca of Mercury 540 ( 45 50
Jupiter 30° (21 S )
P 50
' _ 44 ’
Ay " ,) il
Stghrocca of Venus 2250 (11 o )
- 42 N’
Saturn 12 (412_5_0_

Hence the above rule.

PLANETS DERIVED FROM THE SUN (FIRST METHOD)

Moon

22. Add 13 times the Sun’s longitude to the result obtained by
multiplying the Sur’s longitude by 66389 and dividing the product by
18 x 10000 : the result is the Moon’s longitude.

This is so, because :

Moon’s revolution-number = 13 x Sun’s revolution-number

4 intercalary months

i

13 x Sun’s revolution-number+1593336
1593336 , )
= (13 +4320000 ) % Sun’s revolution-number

66389 , )
== (13 180000 )x Sun’s revolution-number.
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Since the longitudes of the planets are proportional to their revolution-
numbers, therefore

66389 , .
Moon’s longitude = (13 -+ 130000 )x Sun’s longitude.
Mars
23, Multiply the Sun’s longitude by 34207 and divide the product

by 1080000; add that to one-half of the Sun’s longitude: the result is
Mars’ longitude.

According to Vate$vara :
Mars’ revolution-number = 2296828.
Therefore,

Mars’ longitude _ Mars’ revolution-number
Sun’s longitude = Sun’s revolution-number

2296828
= 43200007

1 34207
+ 1080000

. 4207 ; .
Hence Mars’ longitude = ( ; + 1(3)8(2)?)OO)X Sun’s longitude.

Sighrocca of Mercury

24. Whatever is obtained by dividing 20533 times the Sun’s longi-
tude by 135000, should be added to 4 times the Sun’s longitude: thus is
obtained the longitude of the Sighrocea of Mercury.

According to Vate$vara :

-

Revolution-number of Sighroceca of Mercury = 17937056.
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Therefore

longitude of Sighrocca of Meroury _ 17937056
Sun’s longitude 4320000

20533
= 4+ {35000 *

Hence the rule.

Jupiter
25. To one-twelfth of the Sun’s longitude, add whatever is

obtained by multiplying the Sun’s longitude by 211 and dividing by
216000: then is obtained Jupiter’s longitude.

According to Vate§vara :

Jupiter’s revolution-number = 364220

Therefore,

N . 364220 . :
Jupiter’s longitude = 3330000 Sun’s longitude

1 211 , .
- (ﬁ—"+m)x Sun’s longitude.

The rule for Jupiter’s longitude, stated above, does not occur in the
manuscripts used. The verse containing this rule seems to have been left
" out by the scribe due to oversight. It has been inserted there to complete

the text.
Sighrocea ot Venus
26. Whatever is obtained by multiplying the Sun’s longitude by
32511 and dividing the product by 20000 is the longitude of the Sighrocca

of Venus, as stated by the sages.

According to Vategvara :

Revolution-number of Sighrocca of Venus = 7022376,
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Therefore,

. N 7022376 , .
longitude of Sighrocca of Venus = 2350000 °% Sun’s longitude

3%}(5)(1)(1) X Sun’s longitude.

b

Saturn

27. To one-thirtieth of the Sun’s longitude add the result obtained
by multiplying the Sun’s longitude by 107 and dividing the product by
180000: thus is obtained Saturn’s longitude.

According to Vatedvara :
Saturn’s revolution-number = 146568.
Therefore,

, . 146568 , .
Saturn’s longitude = 3320000 X Sun’s longitude

1 107 : , -
- (W + TR0000 )x Sun’s longitude.

Moon’s apogee

28. To one-ninth of the Sun’s longitude, add the Sun’s longitude

multiplied by 2737 and divided by 1440000: thus is obtained the longitude
of the Moon’s apogee.

According to Vatesvara :
Revolution-number of Moon’s apogee == 438211,
Therefore,

) . 488211 , .
longitude of Moon’s apogee = 4390000 % Sun’s longitude

i 2737 , .
-f- ( 9 + m) %X Sun’s longitude.
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Moon’s ascending node

29. To one-twentieth of the Sun’s longitude, add the Sun’slongitude
multiplied by 8117 and divided by 2160000: the result is the longitude
of the Moon’s ascending node.

According to Vatesvara :
Revolution-number of Moon’s ascending node =232234.
Therefore, |
longitude of Moon’s ascending node

232234 , .\ :
= 330000 % Sun’s longitude

1 8117 , .
= ( 0~ T 2160000)X Sun’s longitude.

Rules similar to those stated in stanzas 22 to 29 are also found to

occur in BrSpSi, xxv. 33-36; in SiDVr, i. 50-52 (see S. Dvivedi’s edition) ;
and in LM (ASS), i. 8-10.

CALCULATION OF SHORTER AHARGANA

First Method

30-31(a-b). Diminish the lunar days (fithis) elapsed simce the
beginning of Caitra by the $uddhi and set down the result in two places.
In one place multiply that by 11 and to the resulting product add the
quotient obtained by dividing 703 times the Avama-ghatis (i.e., residual
omitted ghatis, corresponding to the beginning of the current year) by 60.
Divide what is obtained by 703 and subtract the resulting omitted days,
from the result at the other place. That increased by the Avama-ghatis

for (the beginning of) the (current) year gives the Ahargana (reckoned
from the beginning of the current solar year),!

That is,

11(L—S5)4703 4,/60

Shorter A hargana = (L—S)---

1. Similar rules are stated in BrSpSi, i. 42-44; SIDVr. 1. 31; SiSe. ii. 40-41 (a-b); SiSe, L.
i (e). 12(c-d)-13. |
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where L= lunar Vdays (tithis) elapsed since the béginning of Caitra,
S = suddhi for the beginning of the current solar year,

and A,= Avama-ghatis for the beginning of the current solar year.

The above rule gives the so called Shorter Ahargana, i.e., the
number of civil days elapsed at sunrise on the current lunar day since the
commencement of the current solar year. It can be easily derived by subtrac-
ting the Ahargana for the beginning of the current solar year from the
Ahargana for sunrise on the current day. For details, see Bina Chatterjee’s
edition of Lalla’s Sisya-dhi-vrddhida, Part 11, pp. 21-22, note to vs. 3L

Second Method

31(c-d)-32. Or, add the Avama-nadis (= Avama-ghatis) to the
hmar days elapsed since the beginning of Caitra and diminish that by
the suddhi. Set down the result in two places In one place multiply that
by 11 and to the product add the result obtained by multiplying the
Avama-ghatis by 173 and dividing (the product) by 15. Divide that by
703 and subtract the resulting Avama from the result at the other place.
Then is obtained the Ahargana (reckoned from the beginning of the
current solar year). '

That is,

1I(L+Ag—S)+1734,4]15

Shorter Ahargana= (L-+A,—S) — 703 A

)
where, as before,
L= lunar days elapsed since the beginning of Caitra,

Ag= Avama-ghatis for the beginning of the current solar year,

and S= Suddhi for the beginning of the current solar year.

Formula (2) is equivalent to formula (1) above, as can be seen by
replacing Ay ghatis by 4,/60 days in the second bracket.

Third Method

33-34 (a-b). Or, subtract the fithis elapsed since (the beginning of)
Caitra by the suddhi and set down the result in three places. In the
lowest place, divide that by 703 and add the quotient obtained to the



Sec. 5 | SUDDHI 83

result in the middle. To that add the quotient obtained by dividing 16
times the Avama-ghatis by 15. Divide that by 64 and subtract the resul-
ting Avama (days etc.) from the result in the other (uppermost) place.
That increased by the Avama-ghatis gives the Ahargana (reckoned from
the beginning of the current solar year).

That is

(L—S)(1+1[703)4 164415
64

Shorter Ahargana=(L—S) — 445 (3)
One can easily see that this formula is equivalent to formula (1).
The difference is in form only.

Fourth Method

34(c-d)-35. Subtract the suddhi from the lunar days elapsed since
(the beginuing of) Caitra as increased by the Avama-nadis and set down
the result in three places (one below the ether). Divide the result in the
lowest place by 703 and add that to the result in the middle. To that add
21 times the Avama-ghayis as divided by 20. Divide that by 64 and sub-
tract the resulting Avania (from the result in the uppermost place): the

result is the Ahargana (reckoned from the beginning of the current solar
year).

That is,

64 '

Shorter Ahargana = (L4 4,—5) — EAg=S)111]709)+214,)20 4

This formula is equivalent to formula (2), because

11 114703 173 21

03 T Tea - M ysgsgaT gg«es 0 APPIOX

Fifth Method

36-37(a-b)  Subtract the juddhi from the lunar days elapsed since
(the beginning of) Caitra, and set down the result in two places. In one
p.lace, multiply that by 10 and to that add the quotient obtained by
dividing 213 times the Avama-ghatis by 20. Divide that by 639 and
subtract the resulting Avama from the result in the other place. That

lncr.eased by the Avama-ghatis gives the Ahargana (reckoned from the
beginning of the current solar year).
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That is,

Shorter Ahargana = (L—S)—~ —SE=SHEZIAGIR 4 4, (5)

This formula is equivalent to formula (1), because

11 10
703 = 636 2PPTOX

Sixth Method

37(c-d)-38. Or, add the Avama-ghatikas to the lunar days (elapsed
since the beginning of Caitra) and diminish that sum by the suddhi. Set
down the result in two places (one below the other). In the lower place,
multiply that by 16 and to the product obtained add 629 times the
Avama-ghatikas as divided by 60, Divide that by 639 and subtraet the
resulting Avama (from the result in the upper place): then is obtained
the Ahargana (reckoned from the beginning of the current sofar year):

That is,

Shorter Ahargana=(L-+ A,;—S) — 0+ 4, —Sé;;ﬂgAde’ . ©®

Fhis formula is equivalent to formrula (2), because

e o 173 69
503 = 639 M 15703 60 639 “PPIO%

PLANETS FOR THE END OF SOLAR MONTH

39-43. (Set down the elapsed solar months in three places.) Multip-
Tication (of the solar months in the first place) by 41 gives (the degrees
of ) the Moon; by 15, (the degrees of) Mars; by 124, (the degrees of)
the Sighrocca of Mercury; by 2, (the degrees of) Jupiter; by 48, (the
degrees of) the Sighrocca of Venus; multiplication by 1 , (the degrees of)
Saturn; by 3, (the degrees of) the Moon’s apogee; and by 1, (the degrees
of) the Moon’s ascending node. Then, of the solar months set gown in
three places, multiply those in the middle (severally) by 3, 57, 33, 31,45,
1, 23, and 36: then are obtained the minutes for the same planets in their
respective order. The last heap (of solar months) should then be (severallyy
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multiplied by 2136, 28, 1856, 1820, 2376, 168, 1011, and 1834 and' each
product should be severally divided by 2400: (these are also the minutes
of the same planets in their respective order). Thus are obtained the
mean longitudes of the planets at the end of the (elapsed) solar month
(in terms of degrees and minutes). The (solar) months (elapsed) them-
selves, treated as signs, constitute the mean longitude of the Sun.

According to Vateévara, the mean motions of the planets for one solar
month are as given below

Planet Motion for one solar month
Moon 410 (3 % /

Mars 152 (57525 )

Sighrocca of Mel.'cury 1240 (33 21%5_(?_ '

Jupiter 20 (3 { %% '

Sighrocca of Venus 480 (45% '

Saturn 10 ( 1 i%g' r

Moon’s apogee 30 (23 %16 ’

Moon’s ascending node 10 (36%% ’

Hence the above rule.

2. Suddhi for solar month

RESIDUAL CIVIL, RESIDUAL OMITTED, AND
RESIDUAL INTERCALARY DAYS

44-45, (Severally) multiply the elapsed solar months by 189313
and 209021, and divide (each product) by 432000: then are obtained the
(residual) civil days and (residual) omitted days (respectively). Their
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sum divided by 30 gives the intercalary months. The remainder (of the

division) gives the days of the suddhi, as well as the fraction of the
residual (intercalary) day.

According to Vatesvara :

. ' 189313
no. of civil days in 1 solar month =30 4 4332000
_ _ 209021
no. of omitted days m 1 solar month = 2432000
| . 398334
and no. of intercalary days in 1 solar month= 432000

189313, 209021
= 43320601 432000

Hence the rule.

LORD OF SOLAR MONTH

46(a-b). From the sum of twice the (solar) months elapsed and the
~ (residual) civil days is obtained the true lord of the (current) solar month.

Since the number of civil days in one month

189313
30+ 135000

— 189313

therefore, the number of civil days in S solar months

189313

= 2 S4-residual civil days (mod 7).
Hence the above rule. |

SHORTER AHARGANA AND LORD OF CURRENT DAY

46(c-d)-47. Diminish the (lunar) days elapsed (since the beginning
of the current lumar month) by the suddhi (for the beginning of the
current solar month) and set down the result in two places. Inone place,
multiply that by 11 and to the product add 692 times the Avamaiesa
accompanied by its dlvisor and divide (the resulting sum) by 703. The



quotient subtracted from the result at the other place gives the Ahargaga
(reckoned from the beginning of the current solar month). (The lord of)
the (current) day is ascertained from the lord of the (current) solar
month.

That is,

11(L—S8) +-692 X (Avama fraction),
703

.Shorter Ahargana =(L—S)—

where L= no. of lunar days elapsed since the beginning of the current

lunar month, and
S = $uddhi for the beginning of the current solar month.

The above formula is analogous to that of Brahmagupta. .See BrSpSi,
i. 43-44, '

PLANETS FOR THE END OF SOLAR DAY

48-51. (Set down the solar Ahargana in two places.) Multiply
the solar Ahargana (written in one place) (severally) by 802, 31, 249,
5, 97, and 2: the results are the (longitudes cf the planets, in terms of)
minutes, beginning with Moon. Again multiply the solar Alargana
written in the other place (severally) by 2334, 16207, 2264, 1055, 9594

and 642, each divided by 18000; (these are the residual minutes of the
longitudes of the same planets). '

The longitudes of the Moon’s apogee and the Moon’s ascending
node, in terms of minutes, are obtained by multiplying the solar Ahargana
In one place by 6 and 3 respectively and in the other place by

56211 d 16234 .
Zoo0. O 72000 respectively.

Thus are obtained the longitndes of the planets for the end of the
elapsed solar day. '

The mean motions of the planets for one solar day, according tc
Vatesvara, are as given below.
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Planet Motion for 1 solar day Planet Motion for 1 solar day
in minutes in minutes

2334 . 9594
Moon 802 16080 Sighrocca of Venus 97 18000
16207 642
Mars 31 m Saturn 2 '1—8‘66—‘0
Sighrocca of 2264 , 56211
Mercury 249 18000 Moon’s apogee 6 2000
Jupite 5 1055 Moon’s ascending 3 16234
uptter | 18000 node 72000

Hence the above rule.

3. Suddhi for solar day

RESIDUAL CIVIL AND RESIDUAL OMITTED DAYS,
SUDDHI, AHARGANA AND LORD OF DAY

52. Using the multipliers and 30 times the divisors (prescribed
in the case of the solar months) one can find, from the solar days
(elapsed), the (residual) civil days, the (residual) omitted days, the suddhi,
the Ahargana, and the lord of the (current) day, as before.

SOLAR YEARS, SOLAR MONTHS AND SOLAR DAYS

53. Dividing the (solar) days (elapsed) by 360 are obtained the
(solar) years (elapsed); then dividing the remainder by 30 are obtained
the (solar) months (elapsed) since the beginning of the current solar year;
the remainder obtained then gives the (solar) days elapsed since the
beginning of the current (solar) month (lit, the desired days).

AVAMASESA FOR THE CURRENT DAY

54-56. The days elapsed since the beginning of Caitra should be
diminished by the juddhi : (then will be obtained the days elapsed simce

the beginning of the current solar year). From them should be eobtained
the Avamasesa for the current day.
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This is the process when the civil suddhi for the end of the (elapsed)
solar year is less (than the days elapsed). When the days (elapsed) are
less, the difference (obtained by subtracting the days elapsed from the
suddhiy is called “negative Ahargana”. (This denotes the number of
days to elapse before the beginning of the solar year.). Multiply it by
11 and subtract the resulting product from the Varsanta-avamasesa
(i.e., Avamatesa for the end of the solar year) multiplied by 692 and
divided by its own divisor.

In case the Varsanta-avamajesa multiplied by 692 and divided by

its own divisor is less than the other and can be subtracted therefrom,

~ the negative Ahargana should be diminished by 1 (and that should be

treated as the correct megative Ahargona). This having been dome,

subtraction should be made from the minuend increased by 703 (i.e., 11

times the corrected negative Ahargana should be subtracted from 703

plus Avamasega x 692[divisor). The remainder obtained should be taken
as the Avamasesa for the current day.

In Pig. 1 below, let C denote the beginning of Caitra, V the beginning
of the current solar year, and S the beginning of the current civil day.

C |4 S
Fig. 1
Then

lunar days between C and V = §uddhi,

civil days between C and V =civil Suddhi = S—WI%&,
and

civil days between C and S = civil days elapsed since C, the beginning
of Caitra.

Now the Ahargana reckoned from V, i.e,

Varsantadi Ahargana = civil days between ¥ and S

= civil days between C and S

— civil days between C and V
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= civil days elapsed since C — civil juddhi
- lunar days elapsed since C—$uddhi, (roughly).

In case S lies between C and V (see Fig. 2), the

C S vV
Fig. 2
Varsantddi Ahargana is negative, and we have
negative Varsintadi Ahargapa = civil days between Sand V

= civil days between C and V

— civil days between C and S

= civil juddhi—civil days elapsed since C

I

$uddhi — lunar days elapsed
since C, (roughly)
= A, say.
Also, in this case,
Avama fraction at S = Avama fraction at V — Avama corresponding

to civil days between S and V

Varsanta Avamasesa . .
= *~ (in lunar reckoning)
divisor

Ax 1l
703

(in civil reckoning)

{Var._sdnta Avamasesa x 692  Ax1l }
divisor x 703 703 ’

(in civil reckoningy

where divisor = civil days in a yuga.

... Avamasesaat S = Varsania ﬁ;fi's’?:esa x 692 _ 4x11.
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in case the Avama fraction at V is less than the Avama corresponding
to civil days between S and ¥, it means that one omitted day has fallen
between S and V, so that

correct negative Ahargana = A—1.
Therefore, in this case, we should take

Varsanta Avamasesax 692

Avama fraction at V = 1+ divisor x 703 ’

so that

Varsanta Avamasesax 692
divisor

Avamasesa at S = 703 + — (A—1)x11.

MOON FOR THE END OF SOLAR YEAR OR MONTH

57. The Sun’s longitude at the end of the solar year or solar
month, when increased by the degrees corresponding to 12 times the
$uddhi and 12 times the Avamasesa (corresponding to the end of the solar
year or solar month) as divided by its own divisor, becomes the Moon’s

longitude (at sunrise occurring just after the end of the solar year or
solar month).

See Fig. 3. Let 4 denote the end of the lunar year or lunar month, B
the end of the solar year or solar month, and C the point where sunrise
occurs just after the end of the solar year or month. Then

A 1] C

Fig. 3.
tithi at A = 0, A being the beginning of the lunar month.
tithi at C = lunar days between 4 and B -+ Avama fraction

. ) Avamasesa
= Suddhi +~ — 287 (D
divisor

We also have

tithi at C _ Moon’s longitud;azat C—Sun’s longitude at C @

both longitudes being reduced to degrees.
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Therefore, from (1) and (2),

Moon’s longitude at C = Sun’s longitude at C 4 12 juddhi

+ 12 x Avamasegaldivisor,

days etc. of juddhi and Avamaiega being treated as degrees etc.

Note. When the Sun’s longitude is known for the end of the solar year
or solar month, the Moon’s longitude for that time is actually equal to

Sun’s longitude 4 12 suddhi ,

the Avamasesa is not needed at all. See supra, vs. 17.

SUN FOR THE END OF LUNAR MONTH

58. Multiply the solar months elapsed by the intercalary months
in a yuga and divide by the solar months (in a yuga): the quotient added
to the solar months elapsed gives the complete lunar months elapsed.
(The remainder is the Adhimasajega, i.e., the residue of intercalary
months.) Multiply the remainder by 5 and divide the resulting product
by 8905356: the quotient treated as degrees subtracted from the
(complete) lunar months (treated as signs) clapsed since the beginning
of the light half of Caitra gives the mean longitude of the Sun in signs
etc. (at the end of the lunar month). |

The rattonale of this rule is as follows :

Suppose that S solar years.i;ﬂhave elapsed since the epoch and m lunar
months since the beginning of Caitra. Then taking 12S+m (= S!, say) as

the number of solar months elapsed, the number of intercalary months
elapsed

. S!x intercalary months in a yuga
solar months in a yuga

R
solar months in a yuga'

I+

Then S'+-7 denotes the rumber of complete lunar months elapsed,

and
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sesidual fraction of the intercalary months

R

o= - , in lunar reckoning
solar months in a yuga

R
= Tunar months in'a yuga

Rx30 '
= 33433336 solar days

solar months

= 89(1)?;556 solar days.

Since m [unar months have elapsed since the beginning of Caitra,
therefore the number of solar months and solar days elapsed since the
beginning of the solar year up to the end of the mth lunar month

RxS
= m solar months — 5905356 solar days.

Hence the Sun’s longitude at the end of the mth lunar month

Rx5

= msigns — —gnEese degrees.

Also see supra, notes on vss. 8-9 of sec. 4.

The word svacchedena of the Sanskrit text should be read with the
previous verse,

LORD OF LUNAR MONTH

59, Multiply the lunar months elapsed by 3407673 and divide by
2226389: the quotient gives the lord of the (current) lunar month. (This

is how one may determine the lord of the current lunar month) from the
elapsed lunar months.

The number of civil days in one lunar month
_ 1577917560
~ 53433336

3407673
2226389

3407673
= 999630 (Mod. 7)

= 28

Hence the above rule.
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MONTHLY MOTION OF THE PLANETS

60-64(a-c). Add every lunar month 15° 28' 28" to the longitude of
Mars; 120° 50! 55" to the longitude of the .S"t'ghrocca of Mercury;
2° 27' 14" to the longitude of Jupiter; 47° 18! 44" to the longitude of
the Sighrocca of Venus; 59' 15” to the longitude of Saturn; 3° 17/ 21
to the loagitude of the Moon’s apogee; 30° 40/ 12” to the longitude of
the Sun increased by that of the Moon’s ascending node; and 1° 33! 53"

to the longitude of the Moon’s ascending node and diminish it by —2—:%- of

. 1 1 1 1
a minute. Also apply every month 120 ° 08 ° 3304° 162’

-1 1 1 .
948 ° 185"’ and 333 of a minute to the planets Mars etc., as a

negative correction in the case of Jupiter, the Sighrocca of Mercury and
Saturn and as a positive correction in the case of other planets.

The mean motions of the planets for one lunar month, according to
Yatesvara, are as exhibited below ;

Planet Monthly motion
_ Y
QO 7 a s
Mars 15° 28 28" 4 1359
.S"ighrocca of Mercury 120° 50! 55" — %)g_
1!
i T'"14" —
Jupiter 2027 14 3303
Sighrocca of Venus 47° 18" 44" + ll_f)if
r M 1 ’

Saturn 59 15 — 548
_ "

3 30 - y -
Moon’s apogee 177 21" 4 785
Sun +Moon’s ascending node 30° 407 j27 + 2_13%

ll

Moon’s ascending node 1° 33 53" . 578
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DAILY MOTION FROM MONTHLY MOTION
64(c-d). The monthly moticn (in terms of minutes) multiplied by 2
and increased by —;T of itself gives the daily motion, (in terms of

seconds).

" Let the monthly motion of a planet be » mins. Then the daily motion
of that planet

__lunar months in a yugaxn

— : minutes
civil days in a yuga

_53433336xm
= 1577917560 ‘

53433336 % 60

= B seconds
1577917560

= 2 (1 + 6—;_)" seconds, approx.

CONVERSION OF LUNAR DAYS INTO CIVIL DAYS

65-66. Multiply the elapsed lunar days by 209021 and divide by
13358334: the quotient subtracted from the (elapsed lunar) days gives
the corresponding civil days. The remainder should be multiplied by 60
and divided by its own divisor (i.e., by 13358334): the resulting quotient
gives the elapsed ghatikas.

Next (is described) the calculation of the planets.

This is so, because, according to Vate§vara,

1577917560 -
1 lunar day = 3433336 30 civil days

209021 -
= (1 3353334 civil days.

PLANETS FOR THE END OF LUNAR DAY

Sun

67. Multiply the elapsed lunar days by 66389 and divide the
product by 2226389: the quotient deducted from elapsed lunar days gives
the Sun’s longitude (in terms of degrees).
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Sun’s longitude in terms of degrees

= solar days elapsed

— lunar days elapsed —intercalary days clapsed

= lunar days elapsed— .
Junar days elapsed x 1593336% 30
53433336 % 30

——

Junar days elapsed x 66389

= lunar days elapsed — —774359 ~

Mcon

68(a-b). To the Sun’s longitude, add degrees equal to 12 times the
lanar days elapsed: the result is the Moon’s longitude.

Let L denote the elapsed lunar days. Then

q
Moon's longitude = 57753336 L Tevs,

1603000080

_ (4320000+53433336) L _
= T 1603000080 y

= 4320000 L TEVS +"‘£ TEVS
= 603000080 "<"> 30

= Sun’s longitude -+ 12 L degrees.
Mars

63(c-d)-69. Multiply the (elapsed) lunar days by 983 and divide
by 26716668; and subtract the resulting degrees etc. from the sum of the
(mean) longitudes of the Sun and the Moon. One twenty-seventh of that
is the mean longitude of Mars.

2296828 L 1 62014356 L

Mars’ longitude = 1603000080 revs, = ﬁ_x 603000080 revs.

| (57753336 L , 4320000 L 58980 L 7 .
= 57| 1603000080 ' 1603000030 1603000080 '

= _2—17-[1\/10011’8 longitude+ Sun’s longitude

e L
6716668 "]
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S"Eghrocca of Mercury

70-71 (a). Multiply the (elapsed) lunar days by 164257 and divide
by 200375010, and subtract the result (in revolutions etc.) from one-
third of the Moon’s longitude: then is obtained the longitude of the

Sighrocca of Mercury.

17937056 L

Longitude of Sighrocca of Mercury = 1603000080 Tevs.

. (19251112—1314056) L
- 1603000080

1 _ 57753336 L 1314056 L
3~ X 1603060080 1603000080

1 , . 164257 L
=3 (Moon’s longitude) — 500375010 TeVS

TEVS.

TEVS.

Jupiter

71(b-d)-72(a-b). Muiltiply the (elapsed) lunar days by 383 and
divide the product by 200375010, and add the result to one-twentieth
of what is obtained on subtracting 22 times Mars’ longitude from the

Moon’s longitude: then is obtained Jupiter’s longitude.

— : 364220 L
Jupiter’s longitude = 1603600080 Tevs,

361156 L 3064 L

= 1603000080 T 1603000080 >

i

%—[M oon’s longitude —22 (Mars’

Iongitude)]-!— 233;’:7;‘010 revs.

Sighrocca of Venus

72(c-d)-73(a-b). One-half of the difference between the longitudes
of the Sighrocca of Mercury and the Sun, increased by the result
obtained on dividing 26731 times the (elapsed lunar) days by 200375010,
is the longitude of the Sighrocca of Venus.
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7022376 L

1603000080 o >

Longitude of the Sighrocca of Venus =

6808528 L |, 213848 L

= 1€03000080 1603000080 ">

_ 117937056 L—4320000 L
=73 X 1603000080

213848 L
1603000080

€Vs.

= n_lz [longitude of .S"ighrocca of Mercury

o 26731 L .
— Sun’s longxtudc]+ 560375010 revs.

Saturn

73(c-d)-74(a-b). One-eighteenth of the difference between the
longitudes of the Sighrocca of Venus and the Sun, diminished by the
result obtained on dividing 9 times the (elapsed lunar) days by 4047980,
is Saturn’s longitude.

S ’s longitud 146568 L TEVS
aturn’s longitude = 1603000080 S.

150132 L 3564 L

1603000080 1603000080 /©V°

= —11—8[iong. of Sighrocca of Venus

L

, . 9
— Sun’s longitude :]—- A047980 Tevs.

Moon’s apogee

74(c-d)-75(a-b).  One-tenth of the sum of the longitudes of
Jupiter and the Sun, increased by the result obtained on dividing 1799
times the (elapsed lunar) days by 145727280, is the longitude of the
Moon’s apogee.
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. de of Moon’ o ___51§_211Lrevs
Longitude of Moon’s apogee= jeratn6080 .

o 468422 L 19789 L .
= \ {503000080 * 1603000080 /

_ Jupiter’s long. + Sun’s long.
- 10

1799 L

+ 25727280

Moon’s ascending node

75(c-d)-76. One-twelfth of the difference between the longitudes
of the Sun and the Sighrocca of Venus, increased by the result obtained
on dividing 1759 times the (elapsed lunar) days by 400750020, is the

longitude of the Moon’s ascending node.
The mean longitudes of the planets obtained in this way correspond
to the end of the (elapsed) lunar day.

: , : 232234 L
Longitude of Moon’s ascending node = 1za00Gn8 Ievs.

225198 L 7036 L

= { [go3000080 T TG03000080 J™V™

_ long. of Sighrocca of Venus—Sun’s long. 1759 L

y) 400750020 T°VS

4. Suddhi for Jovian year
SUDDHI FOR THE BEGINNING OF JOVIAN YEAR
(1) In terms of civil days etc,

77-78. Multiply the (elapsed) Jovian years by 18000 and divide
by 18211. Keep the quotient (denoting the solar years elapsed)

separately. Multiply the remainder by 13149313 and divide the product

by 655596000; the result is in terms of (civil) days, etc. This increased
by the juddhi, in civil days ete., for the (beginning of the current) solar

year gives the fuddhi for the beginning of the current Jovian year in
terms of civil days etc.
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Let J denote the number of Jovian years elapsed. Then the solar
years corresponding to J Jovian years are

_ 4320000 7 180007 _ , =~ R
= 364220x 127 18211 821

where O denotes the number of complete solar years, and R[18211 the

fraction of the current solar year elapsed at the beginning of the current
Jovian year.

The number of civil days corresponding to R[ 18211 of a solar year

1577917560 R 3149313 R
= Z320000% 18211 655596000 °

This gives the civil days etc. elapsed since the beginning of the
current solar year up to the beginning of the current Jovian year. This
being increased by the fuddhi, in civil days etc., for the beginning
of the current solar year (i.e., by the civil days etc. lying between
the beginning of Caitra and the beginning of the current solar year) gives
the fuddhi for the beginning of the current Jovian year, i.e.,the civil
days etc. lying between the beginning of Caitra and the beginning of the
current Jovian year, ‘

(i) In terms of Junar days etc.

79. Or, multiply the (same) remainder by 2226389 and divide by
109266000: the result is in (lunar) days etc. Increase it by the suddhi
(for the beginning of the current solar year), in terms of lunar days etc. :

(the result is the suddhi for the beginning of the current Jovian year in
terms of lunar days etc.)

This is so, because the number of lunar days corresponding to
R[18211 of a solar year is:

__ 1603000080 R 2226389 R
~ 4320000 18211 ~ 109266000

This gives the lunar days etc. elapsed since the beginning of the
current solar year up to the beginning of the current Jovian year. And
this being increased by the $uddhi, in lunar days etc., for the beginning
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